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“All material in nature, the mountains and the streams and the air and we, are made of light which has been spent, and this crumpled mass called material casts a
shadow, and this shadow belongs to light.”  - Louis I. Kahn

April 24, 2020

Dear Governor Bullock, Climate Solutions Council Members, the Public Service Commission and Critically Important Assigned Staff:

I have followed the Climate Solutions Council process intently for months.  I deeply appreciate the extraordinary talent, hard work and vision 
that has gone into this process.  I have read and studied the proposed Plan, most of the content of the White Papers and all 411 comments

received through April 11th.  With an abiding faith in reason, I remain optimistic a solution to the climate crisis is now evolving that will 
accelerate through 2035 to the end of this Century.

My feedback today is to offer specific additions to the Plan to get us out of the biggest economic collapse since the great depression and 
simultaneously address the existential threat of accelerating warming by rebuilding our energy economy.

Franklin D. Roosevelt, at his inauguration as 32nd President of the United States, at the height of the great depression, on Saturday, March 4, 
1933, began with:

“So, first of all, let me assert my firm belief that the only thing we have to fear is...fear itself — nameless, unreasoning, unjustified terror 
which paralyzes needed efforts to convert retreat into advance.”

This feedback is offered to help inform three, on-going, deliberative energy policy processes: the work of our Public Service Commission and 
that of the Governor’s Climate Solutions Council in Montana, integrated with the U.S. Senate and House bipartisan Climate Solutions 
Caucuses.

Add a section at the end of the Introduction that helps ensure the Climate Solutions planning process remains top-of-mind through this 
election year and after.

On April 23rd the following was published an on Op-Ed in the Bozeman Chronicle:  “Faith, Science, Climate Action Montana – a group of faith 
leaders, scientists, and doctors from across Montana – came together several years ago to discuss climate change and our moral obligations 
to families, neighbors, future generations, and vulnerable populations, and, fundamentally, to the life-supporting systems of our planet. We 
believe that the welfare of coming generations depends on our courage now.  Or, as famed climate scientist and evangelical Christian Dr. 
Katherine Hayhoe recently said, “This crisis really brings home what matters to all of us. It’s the health and safety of our friends, our family, 
our loved ones, our communities, our cities and our country. That’s what the coronavirus pandemic threatens, and that’s exactly what climate 
change does, too.”  

The communications strategy should parallel the top-of-mind approach as coverage on the coronavirus.  Throughout this planning process, 
after the Plan is approved, and particularly over the years of implementation; offer the public a climate solutions score-card.  I propose this 
consist of weekly news-releases to media outlets, newspapers, but particularly local TV and radio stations.  In the form of public service 
announcements, arrange for airing at key local news and weather forecast times.  Fund as needed through grants, gifts and as a last-resort, 
the state’s budget.  The information conveyed would include the latest monthly global temperature numbers from NASA, any key climate 
change data nationally and locally, and key updates the public needs to know on Plan implementation.

Add a section after the Introduction to dispel remaining doubts.   

There actually are only a minor number of comments expressing complete denial of climate change.  They include photo copies of the Global 
Warming Petition Project and related websites.  Instead, there are several comments expressing skepticism about how such small amounts of
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Montana energy issues continue on a dynamic course of change, garnering significant public 
scrutiny in the state. In the more than 20 years since the decision to deregulate Montana’s 
electricity supply, consumers have witnessed the bankruptcy and reemergence of 
NorthWestern Energy (NWE), the Baaken Shale boom, growth in renewable energy resources, a 
changing coal industry, changing electric generation portfolios, and heightened discussion of 
climate change’s effect on the environment. The Environmental Quality Council first prepared 
this guide in 2002. It was revised in 2004, 2010, and 2014. The Energy and Telecommunications 
Interim Committee (ETIC) in 2017 agreed to again revise the guide to provide the most up-to-
date background information available to the policymakers and citizens of Montana. The 2017-
2018 guide includes a restructured electricity section to better reflect the current nature of 
electricity generation in the state. Special thanks should be extended to the DEQ, particularly 
Jeff Blend, Dan Lloyd, and the section authors listed at the front of this guide. Their work in 
preparing information and compiling statistics was integral to the publishing of this document. 


The guide focuses on recent and historical trends in energy supply and demand. It is divided 
into five sections. The first is an overview of electricity supply and demand in Montana. The 
section is further divided into chapters concerning each of the generating resources in the state. 
The second section details the electric transmission grid, how it works and the future of 
transmission capacity in the state. A third section addresses natural gas supply and demand. 
The fourth section covers the coal industry in Montana, detailing the mining history of the state 
and the future of coal in Montana. The final section of the book addresses the state’s petroleum 
production and refining industry in the state. 


The revised guide provides readers both historical and current perspective on the energy sector 
in Montana. Emerging resources like distributed generation and energy efficiency programs are 
discussed along with conventional generation in an effort to provide a holistic look at the 
changing industry. 
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Data for this guide comes from several sources, which don’t always agree. This is due to slightly 
different data definitions and methods of data collection. The reader should always consider the 
source and context of specific data. 
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General 


British Thermal Unit (Btu): A standard 
unit of energy equal to the quantity 
of heat required to raise the 
temperature of 1 pound of water by 
1 degree Fahrenheit (f). 


Cogeneration or Cogenerators: A 
process that sequentially produces 
useful energy (thermal or 
mechanical) and electricity from the 
same energy sources.  


Customer Class: A group of 
customers with similar characteristics 
(e.g., residential, commercial, 
industrial, sales for resale) identified 
for the purpose of setting a utility 
rate structure. 


Demand-Side Management: Utility 
activities designed to reduce 
customer use of natural gas or 
electricity or change the time 
pattern of use in ways that will 
produce desired changes in the 
utility load.  


Commercial Sector: Energy 
consumed by service-providing 
facilities and business equipment. It 
includes federal, state, and local 
governments; other private and 
public organizations, such as 
religious, social, or fraternal groups; 
and institutional living quarters.  


Industrial Sector: Energy consumed 
by facilities and equipment used for 
producing, processing, or 
assembling goods. It encompasses 
manufacturing, agriculture, forestry, 
fishing and hunting, mining, including 
oil and gas extraction, and 
construction.  


Residential Sector: Energy consumed 
by private household establishments 
primarily for space heating, water 
heating, air conditioning, cooking, 
lighting, and clothes drying.  


Transportation Sector: Energy 
consumed to move people and 
commodities in the public and 
private sectors, including military, 
railroad, vessel bunkering, and 
marine uses, as well as the pipeline 
transmission of natural gas.  


Fossil Fuel: Any naturally occurring 
fuel of an organic nature, such as 
coal, crude oil, and natural gas. Fuel: 
Any substance that, for the purpose 
of producing energy, can be 
burned, otherwise chemically 
combined, or split or fused in a 
nuclear reaction.  


Renewable Energy: Energy obtained 
from sources that are essentially 
sustainable (unlike, for example, the 
fossil fuels, of which there is a finite 
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supply). Sources of renewable 
energy include wood, waste, solar 
radiation, falling water, wind, and 
geothermal heat. 


Short Ton: A unit of weight equal to 
2,000 pounds. All tonnages used in 
this guide are in short tons. 


Electricity Supply and Demand 


Average Megawatt (aMW): A unit of 
energy output over a specified time 
period. For a year, it is equivalent to 
the total energy in megawatt-hours 
divided by 8,760 (the number of 
hours in a year).  


Capacity: The amount of electric 
power that a generator, turbine, 
transformer, transmission circuit, 
station, or system is capable of 
producing or delivering.  


Demand: The rate at which electric 
energy is delivered to a system, part 
of a system, or piece of equipment 
at a given instant or during a 
designated period of time (see 
Load). vii  


Generation (Electric): The production 
of electric energy from other forms 
of energy; also, the amount of 
electric energy produced, expressed 
in kilowatt-hours.  


Gross Generation: The total amount 
of electric energy produced by the 
generating units in a generating 
station or stations, measured at the 
generator terminals.  


Net Electric Generation: Gross 
generation less the electric energy 
consumed at the generating station 
for station use. (Energy required for 
pumping at pumped-storage plants 
is regarded as plant use and is 
subtracted from the gross 
generation and from hydroelectric 
generation.)  


Hydroelectric Power Station: A plant 
in which the turbine generators are 
driven by falling water.  


Kilowatt (kW): One thousand watts. 
The kW is the basic unit of 
measurement of electric power.  


Kilowatt-hour (kWh): One thousand 
watt-hours. The kWh is the basic unit 
of measurement of electric energy 
and is equivalent to 3,412 Btu.  


Load (Electric): The amount of 
electric power required by 
equipment in use at a given time at 
any specific point or points on a 
system.  


Megawatt (MW): One million watts.  


Megawatt-hour (MWh): One million 
watt- hours.  


Nameplate Capacity: The full-load 
continuous rating of a generator, 
prime mover, or other electrical 
equipment under specified 
conditions as designated by the 
manufacturer. Installed station 
capacity does not include auxiliary 
or house units. Nameplate capacity 
is usually shown on the 
manufacturer's identification plate 
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attached mechanically to the 
equipment. Because manufacturers 
have differing standards, there may 
be no fixed relationship between 
nameplate capacity and maximum 
sustainable capacity.  


PURPA: Public Utility Regulatory 
Policies Act of 1978ͲͲthe first federal 
legislation requiring utilities to buy 
power from qualifying independent 
power producers.  


Qualifying Facilities: Small power 
producers or cogenerators that 
meet the Federal Energy Regulatory 
Commission's or the Montana Public 
Service Commission's size, fuel 
source, and operational criteria as 
authorized by PURPA.  


Watt: The electrical unit of power or 
rate of doing work. A watt is the rate 
of energy transfer equivalent to 1 
ampere flowing under pressure of 1 
volt at unity power factor (volt and 
ampere in phase). It is analogous to 
horsepower or foot-pound- per-
minute of mechanical power. One 
horsepower is equivalent to 
approximately 746 watts. 


Montana’s Electric Transmission and 
Distribution Grid 


ATC: (Available Transmission 
Capacity) is calculated by 
subtracting committed uses and 
existing contracts from rated total 
transfer capacity. Contract Path: A 
path across portions of the 
interconnected grid, owned by 
different owners, for which a 


transaction has gained contractual 
permission from the owners or other 
rights holders with transferable rights.  


Distribution: The process of using 
relatively small, low-voltage wires for 
delivering power from the 
transmission system to local electric 
substations and to electric 
consumers. ERCOT: The Electric 
Reliability Council of Texas, a 
separate synchronous grid 
connected by AC/DC/AC converter 
stations to the Western 
Interconnection and the Eastern 
Interconnection.  


FERC: Federal Energy Regulatory 
Commission (formerly the Federal 
Power Commission). The federal 
agency that regulates interstate and 
wholesale power transactions, 
including power sales and 
transmission services, as well as 
licensing of dams on rivers under 
federal jurisdiction.  


High voltage: Voltage levels 
generally at or above 69 kilovolts ( 
kV). Transmission lines in Montana 
are built at voltage levels of 100 kV, 
115 kV, 161 kV, 230 kV, and 500 kV. In 
other states lines have also been 
built at 345 kV and 765 kV. Canadian 
utilities build at still other voltage 
levels. Direct current transmission 
lines have been built at +/Ͳ400 kV, 
which may sometimes be described 
as 800 kV. 


Inadvertent Flows: Portions of power 
transactions that flow over portions 
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of the interconnected grid that are 
not on the contract path for the 
transaction.  


Reliability: The characteristic of a 
transmission system (or other 
complex system) of being able to 
provide full, uninterrupted service 
despite the failure of one or more 
component parts.  


Synchronous: Operating at the same 
frequency and on the same 
instantaneous power cycle. The 
Western Interconnection is a 
synchronous grid, which means all 
generators in the Western Grid are 
producing power in phase with each 
other. Other synchronous grids in 
North America include ERCOT, 
Quebec, and the Eastern 
Interconnection (the entire 
continental U.S. except for ERCOT 
and the Western Interconnection). 
Total  


Transfer Capacity: The rated ability 
of a transmission line or group of 
related transmission lines to carry 
power while meeting the regionally 
accepted reliability criteria.  


Transmission: The process of using 
highͲ voltage electric wires for bulk 
movement of large volumes of 
power across relatively long 
distances. 


West of Hatwai Path: A transmission 
path consisting of ten related 
transmission lines that are generally 
located in the area west and south 
of Spokane, WA. The West of Hatwai 


path is a bottleneck for power 
flowing from Montana to the West 
Coast and California, and it is 
relatively heavily used.  


Western Interconnection: The 
interconnected, synchronous 
transmission grid extending from 
British Columbia and Alberta in the 
North to the U.S.-Mexican border in 
the South and from the Pacific Coast 
to a line extending from the AlbertaͲ 
Manitoba border through eastern 
Montana, eastern Wyoming, western 
Nebraska, and the extreme western 
part of Texas. 


Coal Production 


Coal: A black or brownish-black solid 
combustible substance formed by 
the partial decomposition of 
vegetable matter without free 
access to air and under the 
influence of moisture and, often, 
increased pressure and 
temperature. The coal rank 
(anthracite, bituminous, 
subbituminous, and lignite) is 
determined by its heating value.  


Anthracite: Hard and jet black with a 
high luster; it is the highest coal rank 
and is mined in northeastern 
Pennsylvania. Anthracite contains 
approximately 22 to 28 million Btu 
per ton as received.  


Bituminous: The most common coal; 
it is soft, dense, and black with well-
defined bands of bright and dull 
material. Bituminous is ranked 
between anthracite and 
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subbituminous and is mined chiefly in 
Kentucky, Pennsylvania, and West 
Virginia. The heating value ranges 
from 19 to 30 million Btu per ton as 
received.  


Lignite: A brownish-black coal of the 
lowest rank; it is mined in North 
Dakota, Montana, and Texas. The 
heat content of lignite ranges from 9 
to 17 million Btu per ton as received.  


Subbituminous: A dull black coal 
ranking between lignite and 
bituminous. It is mined chiefly in 
Montana and Wyoming. The heat 
content of subbituminous coal 
ranges from 16 to 24 million Btu per 
ton as received.  


Coal Rank: A classification of coal 
based on fixed carbon, volatile 
matter, and heating value. F.O.B. 
Mine Price: The "free on board" mine 
price. This is the price paid for coal 
measured in dollars per short ton at 
the mining operation site and, 
therefore, does not include 
freight/shipping and insurance costs.  


Surface Mine: A mine producing 
coal that is usually within a few 
hundred feet of the earth's surface. 
Overburden (earth above or around 
the coal) is removed to expose the 
coal bed. The bed is then mined 
using surface excavation equipment 
such as draglines, power shovels, 
bulldozers, loaders, and augers.  


Underground Mine: A mine tunneling 
into the earth to the coal bed. 
Underground mines are classified 


according to the type of opening 
used to reach the coal i.e., drift 
(level tunnel), slope (inclined tunnel), 
or shaft (vertical tunnel). 


Natural Gas 


Bcf: One billion cubic feet.  


Tcf: One trillion cubic feet. 


Dekatherm (dkt): One million Btu of 
natural gas. One dekatherm of gas is 
roughly equivalent in volume to 1 
Mcf.  


Gas Well: A well that is completed 
for the production of gas from either 
nonassociated gas reservoirs or 
associated gas and oil reservoirs. 
Lease  


Condensate: A natural gas liquid 
recovered from gas well gas 
(associated and nonassociated) in 
lease separators or natural gas field 
facilities. Lease condensate consists 
primarily of pentanes and heavier 
hydrocarbons. Liquefied Petroleum  


Gases (LPG): Propane, propylene, 
butanes, butylene, butane propane 
mixtures, ethane-propane mixtures, 
and isobutane produced at 
refineries or natural gas processing 
plants, including plants that 
fractionate raw natural gas plant 
liquids. Marketed Production: Gross 
withdrawals less gas used for 
repressuring, quantities vented and 
flared, and nonhydrocarbon gases 
removed in treating or processing 
operations. 
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Mcf: One thousand cubic feet. One 
Mcf of natural gas is roughly 
equivalent in heat content to one 
dekatherm.  


MMcf: One million cubic feet. 


Natural Gas: A mixture of 
hydrocarbon compounds and small 
quantities of various 
nonhydrocarbons existing in the 
gaseous phase or in solution with 
crude oil in natural underground 
reservoirs at reservoir conditions. The 
principal hydrocarbons usually 
contained in the mixture are 
methane, ethane, propane, butane, 
and pentanes. Typical 
nonhydrocarbon gases that may be 
present in reservoir natural gas are 
carbon dioxide, helium, hydrogen 
sulfide, and nitrogen. Under reservoir 
conditions, natural gas and the 
liquefiable portions occur either in a 
single gaseous phase in the reservoir 
or in solution with crude oil and are 
not distinguishable at the time as 
separate substances. 


Petroleum 


Barrel: A volumetric unit of measure 
for crude oil and petroleum products 
equivalent to 42 U.S. gallons.  


Crude Oil (Including Lease 
Condensate): A mixture of 
hydrocarbons that exists in liquid 
phase in underground reservoirs and 
remains liquid atatmospheric 
pressure after passing through 
surface separating facilities. 
Included are lease condensate and 


liquid hydrocarbons produced from 
tar sands and oil shale.  


Petroleum: A generic term applied 
to oil and oil products in all forms, 
such as crude oil, lease condensate, 
unfinished oil, refined petroleum 
products, natural gas plant liquids, 
and nonhydrocarbon compounds 
blended into finished petroleum 
products.  


Petroleum Products: Petroleum 
products are obtained from the 
processing of crude oil (including 
lease condensate), natural gas, and 
other hydrocarbon compounds. 
Petroleum products include 
unfinished oils, natural gasoline and 
isopentane, plant condensate, 
unfractionated stream, liquefied 
petroleum gases, aviation gasoline, 
motor gasoline, naphtha-type jet 
fuel, kerosene, distillate fuel oil, 
residual fuel oil, naphtha less than 
400 degrees F end-point, other oils 
over 400 degrees F end-point, 
special naphthas, lubricants, waxes, 
petroleum coke, asphalt, road oil, still 
gas, and miscellaneous products. 
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in Montana 
 


Summary Points: 


These points summarize by topic the Understanding Energy in Montana guide. They cover each of 
the chapters concerning electricity supply and demand, transmission and distribution, coal 
production, natural gas, and petroleum products. Readers should consult the guide itself for 
detailed information, technical explanations, and more data about the topics in these 
summaries. 
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Summary Points: 


Electricity Supply and Demand in Montana 


• As of 2017, Montana generating plants have the capacity to produce about 6,200 
MW of electricity.  This number is constantly changing as new plants are added 
every year and older ones are occasionally shut down.  
 


• Montana generators produced 3,325 aMW from 2011 to 2015. Montana usage 
accounts for about half of total in-state production, or about 1,600 aMW.  In 2015, 
Montana consumed an estimated 1,600 aMW and produced 3,322 aMW.  The 
other half of Montana electricity production is exported west to Washington and 
Oregon via the Colstrip transmission lines.   
 


• Montana’s largest generating facility includes the four privately owned coal-fired 
generating units at Colstrip. The combined capacity of the units totals 2,094 MW 
or about 30 percent of Montana's total current generation capacity. 
 


• The largest hydroelectric plant in Montana is Avista’s Noxon Rapids Dam, 
recently upgraded to 562 MW in capacity.  The largest wind facilities are the 189 
MW Rimrock and 210 MW Glacier Wind projects, both owned by Naturener. 
 


• Montana generation is powered primarily by coal (55 percent of total for 2015) 
and hydropower (34 percent of total from 2015), a small amount of natural gas (2 
percent of total generation in 2015), and increasing amounts of wind (7 percent of 
total generation in 2015). 
 


• Montana electric consumers are served by 31 distribution utilities: 2 investor-
owned utilities, 25 rural electric cooperatives, 3 federal agencies, and 1 
municipality. Two additional investor-owned utilities and four cooperatives 
based in other states serve a small number of Montana consumers. In 2015, 
investor-owned utilities were responsible for 48 percent of the electricity sales in 
Montana, cooperatives 29 percent, federal agencies 3 percent, and power 
marketers 19 percent.  
 


• Electricity in Montana costs less than the national average. In 2015, the Montana 
electricity price averaged 8.90 cents/kWh compared to 10.41 cents/kWh 
nationally. In 1997 before electricity deregulation, Montana’s average price of 5.2 
cents/kWh was 1.7 cents below the national average of 6.85 cents/ kWh. 
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Summary Points: 


Utility Deregulation in Montana 


• In January 1997, the Montana Power Company and a number of Montana's large 
energy customers brought forward a legislative proposal (Senate Bill No. 390) to 
deregulate retail electricity supply in Montana. Montana's electricity laws and 
policies have received significant public attention and scrutiny since that time, 
when Montana decided to deregulate electricity supply and opted to allow some 
Montana consumers to choose, given a competitive market, their own electricity 
supplier. 
 


• The fundamental premise of Montana's restructuring law was that competition 
would provide greater benefits to consumers than they would otherwise have 
received under a historically regulated environment. One of the driving forces 
behind restructuring was a 1996 decision by the Federal Energy Regulatory 
Commission to deregulate electricity supply markets at the wholesale level. 
 


• In January 1997, the Montana Power Company and a number of Montana's large 
customers brought forward a legislative proposal, Senate Bill No. 390, to 
deregulate retail electricity supply. The legislation passed 36-14 in the Senate and 
78-21 in the House of Representatives. Montana joined several other states that 
had already enacted legislation or adopted policies to implement customer 
choice. 
 


• Restructuring and customer choice applied primarily to the Montana Power 
Company service territory, but it also applied to PacifiCorp’s territory in 
Northwest Montana. PacifiCorp, which served about 36,000 Montana customers 
primarily in Flathead and Lincoln counties, put its Montana distribution facilities 
up for sale and announced that Flathead Electric was the successful bidder. 
 


• Ultimately, competitive choice did not develop for small residential and 
commercial customers in the state, and with the approval of the "Electric Utility 
Industry Generation Reintegration Act" by the 2007 Legislature, the transition to 
customer choice ended for NorthWestern customers. The act also put 
NorthWestern on track to transition into a vertically integrated utility, owning 
both generation assets and transmission and distribution assets. 
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Summary Points: 


Hydropower in Montana 


• Hydropower accounted for more than one third of Montana’s net electric 
generation in 2015. There are currently 32 operating hydroelectric facilities in 
Montana and six of the state’s largest generating plants are water powered. 
 


• At more than 562 megawatts of nameplate capacity, Noxon Rapids, located along 
the Clark Fort River in Sanders County, is the largest hydroelectric facility in 
Montana with a nameplate capacity of 562 megawatts. The facility ships nearly 
all of its generation out of state. 
 


• Montana ranked seventh among states for power generated by hydroelectric 
dams, falling from fifth largest due to drought conditions experienced in the 
second half of 2015. Most hydroelectric facilities in the state are owned by 
utilities. The Bureau of Reclamation or the Army Corps of Engineers own others. 
One of these large facilities, the Seli’š Ksanka Qlispe’ dam (formerly the Kerr 
Dam) was purchased by the Confederated Salish and Kootenai Tribes in 2015. 
 


• Most of Montana’s large hydroelectric dams are run of the river dams located 
along the Missouri River. These dams were built between the late 1800’s and the 
1950’s to meet the electricity demand of the state’s increasing population and 
high-energy consuming industries such as copper mining and production. 


Coal-Fired Electric Generation in Montana 


• Coal-fired generation has provided the majority of the electricity produced in the 
state since construction of Colstrip Unit 4 was completed in 1986. Montana’s vast 
reserves of sub-bituminous coal are used to power most of the in-state coal 
generation. As of June 2017, there was 2,289 MW of coal-fired generating 
capacity in Montana, representing 37 percent of the state’s nameplate generating 
capacity. In 2015, coal generated 16,013 GWh, representing 55 percent of all in-
state electric generation. 
 


• In 2010, a significant number of coal-fired power plants across the nation 
announced plans for retirement. Since that time, 101 GW of coal generation in the 
U.S. have either retired or announced plans to retire in the coming years.  
Nationally, 65 GW of coal-fired capacity was retired by June 2017. 
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Summary Points: 


• A lawsuit was brought in 2013 under the Clean Air Act by the Sierra Club and 
the Montana Environmental Information Center against Puget Sound Energy 
and Talen Energy, the owners of Colstrip Units 1 & 2. The suit, settled in 2016, 
resulted in an agreement to shutter the two units no later than July 1, 2022. 
 


• The four-unit facility in Colstrip leads all coal-fired electric generation in terms of 
capacity in Montana and is the second largest coal-fired facility west of the 
Mississippi River. Colstrip has the largest nameplate capacity of any generator 
with 2,094 MW; Units 1 and 2 are rated at 307 MW and Units 3 and 4 at 740 MW. 
It also contributes the most electric production of any facility in the averaging 
more than 14,000 GWh annually over the past decade. The four units at Colstrip 
are jointly owned by six entities. 


Wind Energy in Montana: 


• The National Renewable Energy Laboratory (NREL) estimates 679,000 MW of 
wind generation potential at 80 meters above ground in the state, ranking 
Montana second in total wind energy production potential. 
 


• Despite this potential, Montana’s distance from large, population centers (energy 
loads) and its transmission constraints have resulted in the state developing a 
small fraction of its utility scale wind potential. Montana developed 695MW of 
installed wind energy capacity by 2016, ranking Montana 22nd in installed wind 
capacity among states.  Wind energy accounted for nearly 7 percent of Montana’s 
net electricity generation in 2015.  
 


• Montana’s first utility scale wind project, the 135 MW Judith Gap wind facility 
near Harlowton, began operating in 2005. After the construction of Judith Gap 
and the passage of RPS requirements in 2005, Montana saw several additional 
wind energy projects become operational between 2005 and 2012. In 2007, the 
Diamond Willow wind farm near Baker began operating. This 30MW facility is 
owned by Montana Dakota Utilities and meets their obligations under the state 
RPS. In 2009, both phases of the 210 MW Glacier Wind farm were completed. The 
facility is currently the largest wind energy facility in the state located near 
Shelby in northcentral Montana. 
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Summary Points: 


• Since 2016, several new utility scale wind projects have been proposed in 
Montana and are at various stages of permitting and development. The 300 MW 
Clearwater wind farm is one proposed project that if developed, would be the 
state’s largest wind energy facility. Most of these projects depend on their ability 
to export electricity. 


Utility-Scale Solar Power in Montana: 


• Utility-scale solar photovoltaic (PV) generating systems are an emerging energy 
supply in Montana, but still represent a small slice of Montana’s generating mix.  
The installation of Distributed utility customer-sited PV systems has gradually 
increased in Montana in the past decade. Utility-scale solar farms developed to 
sell power directly into the grid came online in the last year. The combined 
output from solar PV systems in Montana represents about .04 percent of 
statewide electricity sales.   
 


• Being a northern state, Montana does not have the solar energy resources found 
in the desert Southwest states of California, Nevada, Arizona, and New Mexico, 
which have seen dramatic increases in solar energy in recent years, including the 
installation of large, utility-scale solar energy facilities. Nevertheless, Montana 
has respectable solar energy potential as compared against other U.S. cities. 
 


• The combination of a high number of sunny or partly sunny days and a 
temperate summer climate, which reduces efficiency losses that occur with PV 
systems as temperatures increase, help to make up for the northern latitude of 
the state. The strongest solar potential within Montana can be found in areas 
across the southern tier of the state, with the weakest in the northwest. 
 


• Currently there are six operational, utility-scale solar projects in Montana, each 
with a generating capacity of 2 to 3 MW-AC. The projects are located on private 
land and are approximately 30 to 40 acres in size. The projects consist of many 
rows of solar modules (panels) mounted on single-axis trackers (mechanical 
equipment that rotates the modules from east to west over the course of the day 
to follow the sun). 
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Summary Points: 


Biomass, Methane, and Landfill Generation in Montana: 


• Montana has millions of acres of forested and agricultural land with potential to 
provide biomass resources for electric generation, thermal energy production, 
and alternative transportation fuels. The state also shows potential for electric 
generation fueled by the methane and carbon dioxide produced from 
decomposing and fermenting municipal and agricultural waste. However, 
development of biomass energy resources in Montana is limited, primarily 
because there are lower-cost renewable and conventional fuel resources 
available. 
 


• The only developed biomass combined heat and power (CHP) facility in Montana is 
located at the F.H. Stoltze Land and Lumber Company in Columbia Falls. This 2.5-
megawatt cogeneration facility generates heat and steam from burning on-site wood 
waste. The steam output powers a turbine to generate electricity that is sold to Flathead 
Electric Cooperative.  
 


• Municipal waste facilities (landfills) are required to prevent methane produced 
by decaying garbage from leaking into the air and groundwater. These facilities 
provide an ideal location for generating electricity from biogas. 
 


• Methane produced from decaying garbage at the Flathead County Landfill near 
Kalispell is captured with a network of buried pipes and burned in an on-site 
generator to produce 1.6 megawatts of electricity. The generator provides 
enough electricity to power approximately 1,600 customers of Flathead Electric 
Cooperative. Additionally, Montana Dakota Utilities installed equipment to 
capture, clean, and process methane at the Billings Regional Landfill beginning 
in late 2010. The resulting natural gas is fed into MDU’s pipeline system and 
delivered to homes and businesses in the area.  
 


Distributed Generation in Montana: 


• In 1999, with the passage of Montana net metering legislation (SB 409; Chapter 
323, Laws of 1999) by the Montana Legislature, NorthWestern Energy customers 
were given the opportunity to interconnect a grid-compatible solar, wind, or 
hydropower generator with a generating capacity of 50 kilowatts or less on their 
property. 
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Summary Points: 


• A net metering system provides energy to the customer generator’s premises; 
any excess energy is exported back to the utility and credited on the customer’s 
bill. That credit may be carried forward over a twelve-month billing cycle. The 
utility does not pay customer generators for excess energy provided to the 
utility. NorthWestern net metering customers are credited for excess generation 
at the retail rate. 
 


• Of the net-metered generating capacity reported, solar PV systems account for 90 
percent of total capacity. Wind turbines represent the second largest type of 
generation, followed by micro-hydro generators.   
 


• Technology and production advances in the solar PV industry have helped drive 
down the cost of distributed solar PV installations relative to other distributed 
generation technology. Historical NorthWestern Energy net metering data show 
a trend in which installations of distributed wind energy systems have largely 
decreased since 2011, while installations of solar PV systems have accelerated in 
recent years. 
 


• Montana’s first community solar installations were built in 2016 and 2017 by five 
separate electricity service providers. There are four “virtually net metered” or “shared 
solar” projects operated by rural electric co-ops in which co-op members have purchased 
one or more panels of a solar PV array sited on co-op property, or in one case on a public 
school.   


Montana’s Electric Transmission and Distribution Grid: 


• The transmission network in Montana, as in most places, initially developed 
because of local decisions in response to a growing demand for power. The 
earliest power plants in Montana were small hydroelectric generators and coal-
fired steam plants built at the end of the nineteenth century to serve local needs 
for lighting, power, and streetcars. The earliest long-distance transmission lines 
were built from the Madison hydroelectric plant, near Ennis, to Butte and from 
Great Falls to Anaconda. 
 


• Montana is an electricity export state. Currently, the state’s net electricity exports 
are almost equal to the amount of electricity consumed in the state each year. For 
example, in 2015 Montana generated 29,104 GWh and consumed just 14,207 
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GWh. There are four primary electric transmission paths that connect Montana 
to the rest of the Western Interconnect and larger markets in the West. 
 


• Most of Montana is integrally tied into the U.S. Western Grid. The easternmost 
part of the state, with less than 10 percent of total Montana load, is part of the 
U.S. Eastern Gird and receives its power from generators located in that grid, 
including generators as far away as the east coast.  
 


• A considerable amount of existing capacity on transmission lines is not available 
for use because it is held off the table for reliability reasons when paths are rated. 
Uncertainty affects the transmission needs of utilities because they don’t know in 
advance what hourly loads will be or which generating units may be 
unavailable.  
 


• The Montana Alberta Tie Ltd (MATL) came online in September 2013. It is the 
first direct interconnection between the Alberta and Montana balancing areas 
and is capable of carrying 300 MW in either direction.    
 


• In the past decade, several stakeholders have voiced interest in developing 
additional transmission capacity to export Montana’s generation potential to 
other markets. Montana’s large energy resources and small in-state electricity 
demand make it a hot spot for proposed transmission projects to export power 
out of state. 


Coal Production in Montana: 


• The Montana coal industry exists to support the generation of electricity. Coal-
fired power plants account for a majority of Montana’s electric generation 
portfolio, but recently coal usage has declined. Coal fueled nearly two-thirds of 
the state’s total electric generation in the 2000’s, and remained between 50 
percent and 55 percent since 2010. Nearly three-quarters of the coal mined in 
Montana is exported, primarily to Midwestern utilities and to coal brokers. The 
coal that remains in Montana fuels electric generating plants, with most used at 
the Colstrip generating facility. 
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Summary Points: 
• Montana was the sixth largest coal producer in the U.S. in 2015, with 42 million 


tons mined. The majority of in-state mining occurs in the Powder River Basin 
southeast of Billings. With the exception of the small lignite mine at Savage and 
the bituminous Signal Peak, mine north of Billings, Mont., the state produces 
low-sulfur subbituminous coal, with up to 18 million Btu per ton. Like most coal 
in the West, Montana coal’s lower sulfur content produces less sulfur emissions, 
but is also lower in heat content when compared to coal mined in the East. 
 


• The price of Montana coal averaged $17.44 per ton at the mine in 2015, up from 
the previous 20 years when it was near $10.00 per ton.  The average price of coal 
peaked at $14.22 per ton in the early 1980s and began a downward trend that 
lasted to the turn of the century. By 2002, the price fell nearly 60 percent.  The 
price of Montana and Wyoming coal is far below the U.S. average of $31.83. The 
two main reasons for the difference are transportation costs and the lower heat 
content of the coal.   
 


• There are currently six major coal mines in Montana operating in Big Horn, 
Musselshell, Richland, and Rosebud Counties. Westmoreland Mining, LLC, 
controls three of these mines, accounting for more than 13 million tons of coal in 
2016. In 2007, Westmoreland gained 100 percent ownership of the Absaloka Mine 
in Big Horn County. During the 1990s, the last Montana mine producing less 
than 100,000 tons annually closed. A new mine at that site, the Signal Peak Mine, 
near Roundup, opened in 2003.  
 


• Production has recently decreased in Montana, from about 45 million tons in 
2008 to 32 million tons in 2016. The trend mirrors the national totals, with 
production decreasing from about 1.2 billion tons mined in 2008 to just under 0.9 
billion tons in 2015. Most of this decline can be credited to weak economic 
markets for coal both domestic and internationally. Coal generation for domestic 
electric generation plants is down as older coal plants close and existing plants 
run less of the time.  Low natural gas prices and cheaper renewables mean that 
natural gas, wind and solar are fueling more electricity production. 
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Summary Points: 


Natural Gas in Montana: 


• Montana currently consumes more natural gas than it produces.  In 2015, 
Montana produced 51.4 billion cubic feet (Bcf) and consumed 75.0 Bcf.  A 
significant portion of in-state production is exported, and at least half of 
Montana’s consumption is imported from Canada and other states.  This is 
especially true in the eastern portion of the state where most natural gas 
produced leaves the state in pipelines, and much of what is consumed is 
imported from other states. 
 


• From 2012-2016, Montana produced an annual average of about 57.9 Bcf of gas, 
which is down from the decade before that when the average was around 99 Bcf 
per year and annual production totals reached as high as 115 Bcf.  Reasons for 
this recent decline in Montana gas production include less associated natural gas 
from the Bakken oil field, the collapse of coal-bed methane due to economics, a 
lack of fracking in state, traditional shallow reserves from conventional wells 
declining, and very few (almost zero) new conventional wells being drilled. 
 


• Domestic, in-state gas wells are located primarily in the north-central portion of 
the state, although other portions of the state also have wells. In 2015, the 
northern portion of Montana accounted for 71 percent of total in-state 
production, the northeastern portion 24 percent, and the south-central portion 3 
percent as defined by Montana DNRC. 
 


• Recent Montana natural gas consumption averages 65 to 80 Bcf per year. Both 
residential and commercial gas consumption are currently growing slowly, and 
remain roughly level with 1970s consumption figures.  Usage by industry is 
expected to stay fairly level in the near term unless a large new gas consuming 
company enters or leaves the state. Traditionally, industrial usage has varied 
more than other sectors. 
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Summary Points: 
• The 53 MW capacity Basin Creek electric generation plant near Butte began 


operations in late 2005. Natural gas usage at the Basin Creek plant constitutes a 
small percentage of Montana’s total usage.  It is typically used as a peaking 
resource and when electricity prices are high. The 150 MW capacity Dave Gates 
Generating Station (DGGS) near Anaconda began operations in 2011 and uses a 
small percentage of Montana’s total.  Neither plant functions as a base load 
resource, and neither plant required extensive upgrades to NWE's pipeline 
system. 
 


• NWE’s gas transmission system is regulated by the Montana PSC. The NWE 
system consists of more than 2,000 miles of transmission pipelines, 5,000 miles of 
distribution pipelines, and three major in-state storage facilities.  


Petroleum and Petroleum Products in Montana: 


• During the 2016 fiscal year, Montana produced about 25.8 million barrels of 
crude oil, worth more than $888 million in gross value. This oil production 
accounted for the majority of the $85 million in oil and gas production tax 
revenue collected by Montana.  Approximately ninety-five percent of Montana’s 
crude oil production is exported to other states, primarily North Dakota and 
Wyoming, while 88 percent of the crude oil refined in Montana is imported from 
Canada with another 9 percent coming from Wyoming. 
 


• The state is home to four refineries, three in the Billings area and another in 
Great Falls. In total, Montana’s refineries have the capacity to refine 205,100 
barrels/day (bbl/day) of crude oil.  In 2016, Montana’s four petroleum refineries 
exported 37 percent of their refined liquid products to Washington, North 
Dakota, Wyoming, and additional points east and south. This is slightly below 
the five-year average of exporting 39 percent of the refined output. Crude oil 
receipts at Montana’s four refineries totaled 66.5 million barrels in 2016. 
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Summary Points: 


• Three crude oil pipeline networks serve Montana’s petroleum production 
regions. One network owned by True Companies bridges the Williston and 
Powder River Basins in the eastern part of the state.  The Front Range and 
Glacier Pipelines in Central Montana primarily move crude oil from Canada to 
Montana refineries in Billings and to points further on in Wyoming. Enbridge’s 
Express pipeline in the same general area transports western Canadian crude 
through central Montana to Casper, Wyo., with very little of that crude offloaded 
in state.  
 


• The majority of oil production in Montana occurs in the Williston Basin of 
eastern Montana, which is not connected by crude pipelines to Montana’s four 
refineries. As a result, in 2016, more than 95 percent of Montana oil production 
was exported from the state, mostly to Wyoming and the Dakotas, through the 
eastern Montana pipeline system or through unit train shipments originating out 
of western North Dakota. 
 


• Four petroleum refineries currently operate in Montana with a combined 
refining capacity of 205,100 bbl/day: ExxonMobil (61,500 bbl/day) and Phillips 66 
(60,000 bbl/day) in Billings, CHS (59,600 bbl/day) in Laurel and Calumet 
Montana Refining (24,000 bbl/day) in Great Falls. Montana refineries typically 
refine 63-68 million barrels of crude oil a year.  
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As Montana’s electricity sector continues to evolve, in-state electricity supply and demand is 
increasingly influenced by complex national trends. The deregulation of wholesale electricity 
markets through the federal Energy Policy Act of 1992 and the legislatively driven deregulation 
of Montana’s retail market in 1997 have largely been turned back in recent years.  Montana’s 
electricity supply continues to change. New generation is coming online and some large coal 
generators are slated to close.  New generation is fueled by wind, natural gas, and solar assets.  
In-state Electricity demand has remained flat in recent years due to a higher penetration of 
energy efficiency and the exit of several large industrial customers. 


NorthWestern Energy (NWE), Montana’s 
dominant electric utility, emerged from 
bankruptcy in late 2004, and is financially 
stronger today than when it first started in 
Montana.  In 2015, NWE bought back 11 in-state 
dams owned by PPL Montana, and formerly 
owned by the Montana Power Company (MPC). NWE continues to transition toward vertical 
integration, owning more of its own generation to meet its customers’ needs. 


Montana in Perspective1  
Montana generates more electricity than it consumes. Even so, it is a relatively small player in 
the western electricity market.  As of 2017, Montana generating plants have the capacity to 
produce about 6,200 MW of electricity.  This number is constantly changing as new plants are 
added every year and older ones are occasionally shut down. Plants do not run constantly, nor 
do they produce exactly the same amount of electricity from year to year.  For example, the 
output from hydroelectric generators 


                                                           
1 In this chapter, electricity is measured in kilowatt-hours (kWh) or megawatt-hours (MWh) to describe 
supply and demand. One MWh is produced when a one MW generator runs at full capacity for 1 hour.  A 
one MW generator running for 8,760 hours in a year produces one average megawatt (aMW). Residential 
customers who do not use electricity for heating typically use 10 to 30 kWh per day. Helena and the 
Helena valley in 2012 consumed approximately 80 aMW with peak usage near 128 MW. (David Fine, 
NWE, Dec 10, 2013). 


Montana Electricity Facts 2017 
 


Generation capability -- 6,200 MW 
Average generation -- 3,300 aMW 


Average load (demand) -- 1,600 aMW 
 


Electricity Supply and Demand in 
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 depends on the rise and fall of river flows, and if any type of plant requires downtime for 
refurbishing and repairs.  Montana generators produced 2,977 aMW from 2001 to 2005, 3,278 
aMW from 2006 to 2010, and 3,325 aMW from 2011 to 2015. Montana usage accounts for about 
half of total in-state production, or about 1,600 aMW.2  In 2015, Montana consumed an 
estimated 1,600 aMW or about 1,700 aMW, assuming 8 percent transmission line losses, and 
produced 3,322 aMW.3  The other half of Montana electricity production is exported west to 
Washington and Oregon via the Colstrip transmission lines.  The Colstrip coal generation plant, 
the Glacier and Rimrock wind farms, and a few of the larger dams in northwestern Montana 
account for the vast majority of contracted Montana electricity exports. 


Montana straddles the two major electric interconnections in the country. Most of Montana is in 
the Western Interconnection, which covers all or most of 11 states and two Canadian provinces; 
it also includes small portions of one Mexican state and three other U.S. states. Less than 10 
percent of Montana’s load and about 4 percent of the electricity generated in Montana occurs in 
the Eastern Interconnection. The 2015 Montana average load (sales plus transmission losses) 
was equivalent to less than 2 percent of about 100,000-aMW load in the entire Western 
Interconnection.4 


Generation 
There are more than 50 major generating facilities in Montana. Montana’s 10 largest electric 
generation plants are listed below by capacity and output (Charts E1 and E2).  The oldest 
operating generating facility in Montana is Madison Dam near Ennis, built in 1906.  The newest 
are several wind generation and solar generation facilities that have come online since 2014. 
Montana’s largest generating facility includes the four privately owned coal-fired generating 
units at Colstrip. The combined capacity of the units totals 2,094 MW or about 30 percent of 
Montana's total current generation capacity. The largest hydroelectric plant in Montana is 
Avista’s Noxon Rapids Dam, recently upgraded to 562 MW in capacity.  The largest wind 
facilities are the 189 MW Rimrock and 210 MW Glacier Wind projects, both owned by 
Naturener. 


 


 


 


 


                                                           
2 U.S. EIA, 2017 


3 Ibid. 


4 Byron Wortz, Western Electricity Coordinating Council, 2017. 
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 Table 1. Ten Largest Plants by Generation Output, 2015 


Plant Primary Energy 
Source or 
Technology 


Operating Company 2015 Output 
(MWh) 


1. Colstrip Coal Talen Energy 14,844,275 


2. Libby Dam 
Hydroelectric U.S. Corps of Engineers-


North Pacific Division  
  1,757,669 


3. Noxon Rapids Dam Hydroelectric Avista Corp   1,635,111 


4. SKQ Dam Hydroelectric Salish-Kootenai Tribe   1,073,292 


5. Hungry Horse Dam Hydroelectric U S Bureau of 
Reclamation 


  1,000,298 


6. Fort Peck Hydroelectric USCE-Missouri River 
District 


 


     753,359 


7. Yellowtail Hydroelectric U S Bureau of 
Reclamation 


 


     744,118 


8. Rim Rock Wind NaturEner    603,536 


9. Billings Generation Inc. Pet Coke Yellowstone Energy 
Partnership Ltd. 


   500,087 


10. Thompson Falls Coal NorthWestern Energy    522,509 


Source: U.S. EIA data. 


Table 2. Ten Largest Plants by Generation Capacity, 2017 


Plant Primary Energy 
Source or 
Technology 


Operating Company Net Summer 
Capacity (MW) 


1. Colstrip* Coal Talen Energy  2,094 


2. Noxon Rapids Hydroelectric Avista Corp 562 


3. Libby Hydroelectric USCE-North Pacific 
Division 


525 
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4. Hungry Horse Hydroelectric U S Bureau of 
Reclamation 


428 


5. Yellowtail Hydroelectric U S Bureau of 
Reclamation 


287 


6. Glacier Wind Naturener 210 


7. Se̓liš Ksanka Qĺispe̓  Project 
(SKQ) 


Hydroelectric Confederated Salish and 
Kootenai Tribe  


206 


8. Rimrock Wind Naturener 189 


9. Fort Peck Hydroelectric USCE-Missouri River 
District 


180 


10. Dave Gates Natural Gas NorthWestern Energy 150 


*Colstrip is operated by Talen Energy; actual ownership is shared by six utilities.  
Source: U.S. EIA data 
 


NorthWestern Energy and Puget Sound Energy owned facilities produce the largest percentage 
of electricity generated in Montana. Both NWE's and Puget Sound’s facilities accounted for 
about 15 percent of the total generation in Montana in 2015.  Talen Energy was close behind at 
about 14 percent.  NWE’s generation is derived mostly from the company’s hydroelectric dams 
it recently purchased and an 11 percent share in Colstrip.  PPL and Puget Sound’s generation 
comes from the companies’ shares in the Colstrip generating facility.   


Avista, with a 15 percent interest in Colstrip Units 3 and 4 and full ownership of the Noxon 
Rapids hydroelectric plant on the Clark Fork River, is also a major producer of electricity in 
Montana. The company accounts for more than 10 percent of the state’s total generation. . 


Bonneville Power Administration (BPA) and the Western Area Power Administration (WAPA) 
are owned by the federal government. Two of Montana’s largest energy generation facilities, 
Libby Dam on the Kootenai River (U.S. Army Corp of Engineers) and Hungry Horse dam on 
the South Fork of the Flathead (U.S. Bureau of Reclamation), provide power for the BPA.  
Headquartered in Portland, Oregon, the BPA transmits and sells wholesale electricity in 
Washington, Oregon, Idaho, and western Montana. BPA is the marketing agent for power from 
all of the federally owned hydroelectric projects in the Pacific Northwest and is one of four 
federal marketing agencies. BPA is a large player in northwestern Montana for both electric 
supply and transmission line operations.  WAPA, like BPA, is a power marketing agency. It 
markets power for federal hydroelectric facilities in the region east of the Continental Divide in 
Montana. WAPA operates three hydroelectric facilities in Montana: Yellowtail on the Bighorn 
River (U.S. Bureau of Reclamation), Canyon Ferry near Helena, and Fort Peck (U.S. Army Corp 



http://en.wikipedia.org/wiki/Electricity

http://en.wikipedia.org/wiki/Washington_(U.S._state)

http://en.wikipedia.org/wiki/Oregon

http://en.wikipedia.org/wiki/Idaho
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of Engineers) on the Missouri River. The Fort Peck Dam is configured to deliver electricity to 
both the Western and Eastern Interconnections. 


NWE is the largest utility in Montana and is regulated by the Montana Public Service 
Commission (PSC).  NWE’s Montana operations are headquartered in Butte. The company’s 
corporate headquarters are located in Sioux Falls, S.D. It provides generation and transmission 
to a majority of customers in the western two-thirds of Montana, although a number of large 
industrial companies and some co-ops purchase electricity supply elsewhere. 


NWE owned very little generation in Montana in 2002, but slowly acquired facilities since that 
time. NWE owns a 30 percent interest in Colstrip Unit 4 (about 6 percent of the state’s total 
generation capacity) and purchases electricity from a number of small  qualifying power 
production facilities (QFs) that include waste coal, pet coke, small hydroelectric, solar, and wind 
generation.  In 2011, NWE commissioned the Dave Gates natural gas turbine generating facility 
near Anaconda (150 MW) to provide regulation services for NWE’s balancing area (the 
transmission lines that are operated by NWE). NWE also retained Montana Power Company’s 
QF contracts and has expanded those contracts. NWE also has contracts for the output from the 
Basin Creek natural gas plant, Judith Gap Wind Farm, and Tiber Dam. 


Montana generation is powered primarily by coal (55 percent of total for 2015) and hydropower 
(34 percent of total from 2015).  Until 1986, when Colstrip 4 was completed, hydropower was 
the dominant source of net electric generation in Montana. Most of the small amount of 
petroleum used for electric generation (2 percent of total generation in 2015) is actually 
petroleum coke from the refineries in Billings.  A small amount of natural gas (2 percent of total 
generation in 2015) and increasing amounts of wind (7 percent of total generation in 2015) 
round out the in-state generation picture.  It is likely that wind will make up a larger percentage 
of Montana’s total generation in the future as more wind farms are built and as Montana’s 
generation portfolio continues to diversify.  Coal could make up between 50 and 60 percent of 
the state’s total generation until Units 1 and 2 at Colstrip shut down no later than 2022.  
Hydroelectric dams generally produce about 30 to 40 percent of total generation and this is 
expected to remain the same in the future. 


During spring runoff, utilities operate their systems to take advantage of cheap hydroelectric 
power, both on their own systems and on the wholesale market around the region. Routine 
maintenance on thermal plants is scheduled during this period. Thermal plants generally must 
run more in the fall when hydroelectric power availability is low.   
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Figure 1. Montana Electric Generation from Primary Fuels: Total Generation  
(GWh 1990-2015) 


 


Consumption 
Montana electric consumers are served by 31 distribution utilities: 2 investor-owned utilities, 25 
rural electric cooperatives, 3 federal agencies, and 1 municipality. Two additional investor-
owned utilities and four cooperatives based in other states serve a small number of Montana 
consumers. In 2015, investor-owned utilities were responsible for 48 percent of the electricity 
sales in Montana, cooperatives 29 percent, federal agencies 3 percent, and power marketers 19 
percent.  


Reported sales of electricity in Montana in 2015 were 14.0 billion kWh (14,000 GWh), down 
from 15.5 billion kWh in 2007. Decreased industrial use, the scaling back or closing of some 
large companies and the economic recession of 2008 lowered slightly electricity consumption. 
Total Montana electricity sales tripled between 1960 and 2000, then dropped by more than 15 
percent as industrial loads tumbled following the electricity crisis of 2000-2001.  Sales have risen 
since then (Figure 1).   


Since 1990, sales to the commercial sector have grown the most, followed by sales to the 
residential sector. In the same period, industrial sales were inconsistent. Residential growth 
tends to track population growth, while commercial growth tends to track economic activity. 
Growth in both sectors may slow if electricity prices rise or energy efficiency technology 
continues to permeate the market. There are no statewide forecasts for future electricity 
consumption.  


Consumption patterns continually shift as existing electricity-consuming equipment and 
appliances become more efficient, while conversely, new electricity-consuming inventions gain 
market share in U.S. homes and jobs.  Looking to the future, the potential for electric vehicles to 
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achieve a nontrivial percentage of new vehicle sales in Montana has the potential to 
significantly change consumption patterns in the state and nation. 


Figure 2. Annual Electricity Sales in Montana, 1960-2015 


 


 


Electricity in Montana costs less than the national average. In 2015, the Montana electricity price 
averaged 8.90 cents/kWh compared to 10.41 cents/kWh nationally.5  In 1997 before electricity 
deregulation, Montana’s average price of 5.2 cents/kWh was 1.7 cents below the national 
average of 6.85 cents/ kWh.  For both Montana and the U.S., electricity prices rose moderately 
faster than inflation since 1997. 


Montana’s largest electricity consumers are large industrial customers, including metal mines, 
the four in-state oil refineries, large petroleum pipelines, forestry products companies, a silicon 
manufacturer, and a cement plants. These customers generally use NWE, MDU, or WAPA as 
their electricity transmission provider, but most buy their power from non-utility suppliers, 
such as power marketers. These are generally privately negotiated contracts. 


There is ample interest in developing new electricity generation in Montana, largely centered on 
construction of wind and solar projects.  Three factors currently challenge the construction of 
new generation in Montana.  The first is obtaining a firm power purchase agreement for that 
electricity.  The second hurdle is the lack of available firm transmission to send that generation 
                                                           
5 U.S. EIA, 2017. 
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to off-takers located out of state.  The third issue involves the challenges of siting a new 
transmission line.   


There are several reasons project developers are considering Montana for generation projects.  
The first is regional demand for generation---especially for renewable generation.  While 
electricity demand is relatively flat in the U.S. West, a large number of existing power plants 
have retired or are slated for near-term retirement.  Some power plants are retiring near the end 
of the facilities’ useful life when it is no longer economic for them to meet new environmental 
standards by installing pollution controls and other upgrades. Coal plants are also retiring due 
to a potential future with a price on carbon and some states’ goals to divest of coal generation 
citing climate change concerns.  According to M.J. Bradley and Associates, “As of June 2017, 
nearly 63 GW of coal capacity has retired from the U.S. generating fleet. The peak retirement 
years occurred in 2015 and 2016, when 19.5 GW and 13.5 GW retired, respectively… A good 
number of closures (21.1 GW) are planned between now and 2020 and more than 19.3 GW have 
announced plans to close after 2020.”6 


Some power plants, particularly nuclear plants, are being priced out of the market by cheap 
natural gas, flat electricity demand, and low electricity spot prices overall (sometime occurring 
from excess renewable generation in the middle of the day).  New generation will be needed to 
replace power plants going off-line. This generation will likely consist of natural gas and 
renewables due to their lower costs and an increasing number of electric consumers demanding 
a lower carbon footprint.   


The price for developing wind and solar generation assets has dropped enough to compete with 
traditional fossil fuel plants.  However, many argue that the value of renewables is less than 
that of base load and peaker plants (that typically run during the highest demand periods) due 
to the lack of control utilities have over electricity generation from renewable sources.   


Remote renewable resources in places such as Montana have several advantages over building 
those resources closer to large cities (e.g. Seattle, Portland).  For one, the wind resources in 
Montana and Wyoming are higher capacity than those found on the West Coast.  Second, 
Montana wind is more complementary to peak electricity demand in western cities than wind 
from the Columbia Gorge, despite the latter being closer to the region’s electric loads. 


 


 


 


                                                           
6 M.J. Bradley and Associates, LLC, August 28, 2017, MJB&A Issue Brief, 
http://www.mjbradley.com/sites/default/files/MJBAcoalretirementissuebrief.pdf  



http://www.mjbradley.com/sites/default/files/MJBAcoalretirementissuebrief.pdf
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Utility Deregulation in Montana 
In January 1997, the Montana Power Company and a number of Montana's large energy 
customers brought forward a legislative proposal (Senate Bill No. 390) to deregulate retail 
electricity supply in Montana. Montana's electricity laws and policies have received significant 
public attention and scrutiny since that time, when Montana decided to deregulate electricity 
supply and opted to allow some Montana consumers to choose, given a competitive market, 
their own electricity supplier. At the time, it was a fundamental policy shift for the state from 
regulating the price of electricity supply to allowing competitive markets to set the price of 
electricity supply. It was also a shift that would dominate the energy policy discussion in 
Montana for the next 20 years. 


The fundamental premise of Montana's restructuring law was that competition would provide 
greater benefits to consumers than they would otherwise have received under a historically 
regulated environment. One of the driving forces behind restructuring was a 1996 decision by 
the Federal Energy Regulatory Commission to deregulate electricity supply markets at the 
wholesale level. Wholesale transactions involve the sale of electricity from large suppliers (i.e., 
power producers) to large electricity buyers and sellers (utilities, power marketers, etc.).  


Therefore, in January 1997, the Montana Power Company and a number of Montana's large 
customers brought forward a legislative proposal to deregulate retail electricity supply. The 
reasons stated in the testimony before the Montana Legislature to pass Senate Bill No. 390 were: 


➔ Competitive markets would provide Montana electricity consumers with cheaper prices 
over the long term. 


➔ Congress was seriously contemplating national deregulation legislation, and Montana 
should take a leadership position so that the federal government would grandfather in 
our policy choices. 


➔ Montana's large industrial customers were looking at an electricity supply market that 
was cheaper than the traditional regulated utility supply. If they could get better prices, 
it would enhance plant profitability and promote economic development in Montana. 


➔ The Montana Power Company needed to be proactive in a competitive environment that 
was emerging, as opposed to reactive. 


 


➔ Competition is here, wholesale power supply markets are competitive, and large 
customers are demanding retail access. 


The legislation passed 36-14 in the Senate and 78-21 in the House of Representatives. Montana 
joined several other states that had already enacted legislation or adopted policies to implement 
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customer choice. In passing Senate Bill No. 390 (Chapter 505, Laws of 1997), the 1997 Legislature 
noted that competitive markets exist, that Montana customers should have the freedom to 
choose their electricity supplier, that Montana consumers should be protected, and that the 
financial integrity of Montana utilities should be maintained.7  


Restructuring and customer choice applied primarily to the Montana Power Company service 
territory, but it also applied to PacifiCorp’s territory in Northwest Montana. PacifiCorp, which 
served about 36,000 Montana customers primarily in Flathead and Lincoln counties, put its 
Montana distribution facilities up for sale and announced that Flathead Electric was the 
successful bidder. At the time, the Public Service Commission (PSC) processed transition plans 
for both Montana Power Company and PacifiCorp. Rural electric cooperatives were allowed to 
determine whether their customers would be offered a choice of electricity supplier. Because 
North Dakota is the primary service territory of Montana-Dakota Utilities, that utility originally 
was allowed to defer customer choice until July 1, 2006. 


Deregulation was a highly controversial decision, and one the Legislature did not take lightly. 
“In the legislative debate over SB 390, one thing that proponents and opponents managed to 
agree upon was the importance of the issue. ‘I don’t know that I’ll ever carry legislation that is 
more significant,’ reflected Senator Fred Thomas (R-Stevensville), the lead sponsor. And the 
lead opponent, Rep. David Ewer (D-Helena), commented quite plainly, ‘This bill is the most 
economically significant bill of the session and one of the most economically significant of our 
history’.”8 


By the end of 1999, the Montana Power Company ultimately sold most of its generating units to 
Pennsylvania Power and Light  Montana (PPL Montana/Talen Energy/Riverstone Holdings). 
The company sold its generation assets to PPL for $757 million. The sales price was a little over 
$150 million higher than the estimated book value of the generation assets. As a result, Montana 
Power Company proposed a 4% rate reduction in energy supply through the remainder of the 
then-transition period through June 2002. The remainder of Montana Power Company’s 
contracts and leases, including qualifying facility (QF) contracts and the entire distribution 
utility, was sold to NorthWestern Energy in February 2002. NorthWestern paid $1.1 billion to 
buy the electric transmission and distribution assets and natural gas properties in Montana. 
That acquisition was largely financed with debt and helped drive NorthWestern into 
bankruptcy – addressed later in this chapter. By June 2003, Touch America, the 
telecommunications company spun off Montana Power, also filed for bankruptcy. 


                                                           
7 For text of testimony in support and in opposition, see the committee minutes of Senate Bill No. 390 
during the 1997 legislative session. 


8 Montana’s power trip: Electric deregulation consumers and the environment, Patrick Judge, University of 
Montana, Graduate School These, 2000, page 13. 
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Flathead Electric, which serves every major city in northwestern Montana and the surrounding 
rural areas, entered into the deregulated electricity markets after passage of the 1997 
restructuring law. The Montana PSC approved the sale of PacifiCorp's electric distribution 
facilities in Montana to Flathead Electric Cooperative, which was to include allocation of $4 
million in net proceeds from the sale to benefit PacifiCorp's Montana customers. Flathead 
bought about $112 million worth of new equipment and service territory and arranged supply 
contracts tied to market rates. By 2001, rates for Flathead customers had increased by as much 
as 31 percent.9 


Under the provisions of SB 390, the governance of restructuring was shared by the PSC and a 
multifaceted Transition Advisory Committee (TAC) that combined legislators, executive branch 
appointees, representatives from industry, labor, and consumer groups, and was funded 
entirely by contributions from the private sector. The TAC's job was to monitor the transition to 
competition as set forth in state law, and the PSC’s job was to craft and enforce rules.  


In 2001, the California energy crisis began to unfold, with wholesale energy prices in California 
increasing by 270% from the previous year.10 Suspicion that Enron and other power marketers 
and suppliers were gaming the California system to maintain high electricity prices also began 
to surface. The power crisis spilled over into other states as California scrambled to secure out-
of-state power. Wholesale energy prices in the Pacific Northwest rose to unprecedented levels.11 
“Although the new legislation had little immediate effect on small customers, large industrial 
customers were able in 1998 to obtain electrical energy from cheaper suppliers than the 
Montana Power Company. Otherwise, regulators, MPC, public interest groups, the TAC, and 
others muddled through the arcana of transition plans, stranded costs, rules for the licensure of 
‘can't wait to market in Montana’ power suppliers, and the inevitable litigation. Except for 
noticing that our electricity bills detailed the separate costs of energy generation, transmission, 
and distribution, most of us were blithely unaware of the awesome choice awaiting us,” 
according to an early TAC report.  


However, some industrial customers were hit hard by the increased market prices attributed to 
the California energy crisis. In addition, when cost based rates expired at the end of the 
transition period, Montana Power Company, later NorthWestern, utility customers did see 
significant rate increases associated with the transition to market-based rates. Between May 
2001 and July 2003, the average residential bill increased by 20 percent. 


                                                           
9 http://www.dailyinterlake.com/archive/article-38d776c9-3fea-52e4-9e82-a93213e428a0.html 


10 The Congress of the United States, Congressional Budget Office, Causes and Lessons of the California 
Electricity Crisis, (Washington, DC, September 2001), p. viii. 


11 “The Electrical Utility Industry Restructuring Transition Advisory Committee,” a report to the 
Governor and 58th Legislature, Jeff Martin and Todd Everts, December 2002. 







  


 13 


The 2001 Legislature was faced with the energy crisis and questions about Montana’s decision 
to deregulate in 1997. In response, the Legislature enacted House Bill No. 474. It extended the 
transition period to competition to July 1, 2007. The bill also designated the default supplier as 
the customers' distribution supplier and required that the distribution services provider have an 
ongoing regulated default supply obligation beyond the end of the transition period. Customers 
who chose an alternative electrical energy supplier (primarily large industrial customers) also 
were given an opportunity to receive electrical energy from the default supplier.  


House Bill No. 474 also authorized a Montana Power Authority to purchase, construct, and 
operate electrical generation facilities or electrical energy transmission or distribution systems 
and to enter into joint ventures for these purposes. The Board of Examiners was authorized to 
issue revenue bonds (not to exceed $500 million) for the Montana Power Authority to acquire 
electrical generation facilities and build electrical energy transmission or distribution systems.12 


The 2001 Legislature also passed House Bill No. 645 creating a power pool designed to free up 
energy being supplied to Montana Power Company by PPL at cost-based rates. The change 
allowed power to be used to bail out industrial customers that were shutting down and laying 
off workers due to high market prices. In March 2001, Montana Power Company also was 
evaluating bids from wholesale suppliers to provide energy once its buy-back contract with PPL 
expired on July 1, 2002. At the time, those bids were in the range of $80-$100 per MWh. The 
tumultuous times were just beginning.  


Shortly after passage of House Bill No. 474, the PSC determined that the legislation not only 
protected ratepayers but also attempted to foster the financial integrity of the Montana Power 
Company as a public utility and as a distribution services provider – a serious conflict.13 PPL 
Montana and the Montana Power Company filed complaints against the PSC in federal district 
court and state district court, respectively, challenging the PSC's assertion of authority.  


About the same time, Representatives Michelle Lee of Livingston and Christopher Harris of 
Bozeman initiated a petition to refer House Bill No. 474 to the voters at a November 5, 2002, 
general election. They argued that the legislative process that led to the enactment of the 
legislation was flawed and was closed to public scrutiny. In addition, Montana taxpayers would 
be on the hook for a default on any energy loans provided by the Montana Board of 
Investments.14 After a few legal stops, the referendum qualified for the ballot as Initiative 


                                                           
12 http://leg.mt.gov/content/publications/committees/interim/2001_2002/trans_adv_com/1158jfea.pdf 


13 For an analysis of the Public Service Commission's assertion of regulatory authority over the default 
supplier's electricity supply obligation under House Bill No. 474 and contrary view of the apparent 
conflict in legislative intent under House Bill No. 474, see Greg Petesch, letter to Senator Fred Thomas, 
June 7, 2001, in Transition Advisory Committee, Minutes, June 19, 2001. 


14 “The Electrical Utility Industry Restructuring Transition Advisory Committee,” a report to the 
Governor and 58th Legislature, Jeff Martin and Todd Everts, December 2002. 







 


 14 


Referendum No. 117.15 On November 5, 2002, the voters rejected House Bill No. 474 by a 60% to 
40% margin. The decision, however, did not overturn deregulation. Another bill, for example, 
Senate Bill No. 19, also had passed in 2001 – extending customer transition to June 30, 2007. 
Senate Bill No. 269 also had passed in 2001, indefinitely delaying transition to competition for 
Montana Dakota Utilities.16 


The November 2002 voters also were presented with Initiative 145 to “buy back” the dams in 
Montana. The initiative created an elected public power commission to determine whether 
purchasing hydroelectric dams in Montana was in the public interest and repealed the Montana 
Power Authority created by the 2001 legislature.17 It was defeated 68% to 32%. 


The 2003 Legislature continued to address the evolution of deregulation in Montana. The 2003 
Legislature passed House Bill No. 509 addressing default supply planning, establishing an 
Energy and Telecommunications Interim Committee of the Legislature, and requiring a cost 
recovery mechanism. In addition, Senate Bill No. 247 was passed in the 2003 session allowing 
for preapproval of default supply resources. The Legislature also further extended the date for 
full customer choice until July 1, 2027.  The PSC also continued to exert its regulatory authority. 
By August 2003, Montana customers, however, were paying some of the highest electricity rates 
in the region.18  


In August 2003, the Montana Consumer Counsel petitioned the PSC to open a financial 
investigation into NorthWestern Energy. In September 2003, NorthWestern Energy filed for 
chapter 11 bankruptcy. In a written statement, then-Gov. Judy Martz called the bankruptcy 
filing another "unfortunate chapter" in the state's business history.  NorthWestern Energy said 
the financial decision would not lead to interruption of services to its 300,000 gas and electric 
customers.  


While there was much finger-pointing about what role Montana regulators and legislators 
could have played to prevent the financial troubles, about a year later, NorthWestern 
announced it had officially emerged from bankruptcy and started trading its newly issued 
stock. In connection with the bankruptcy stipulations, the PSC approved a consent order in July 
2004 between NorthWestern, the PSC, and the Consumer Counsel. The agreement remains in 
place today and stipulates aspects for rate review, certain regulatory controls, and some 
financial requirements.19  


                                                           
15 2002 Voter Information Pamphlet, Montana Secretary of State. 
http://sos.mt.gov/Portals/142/Elections/archives/2000s/2002/2002_VIP.pdf 


16 http://leg.mt.gov/content/publications/committees/interim/2001_2002/trans_adv_com/1158jfea.pdf 


17 http://sos.mt.gov/Portals/142/Elections/archives/2000s/2002/2002_VIP.pdf 


18 “Under Deregulation, Montana Power Price Soars,” New York Times, Jonathan Glater, August 21, 2003. 


19 PSC Docket D2003.8.019, Order No. 6505e. 
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Montana’s energy supply journey, however, continued, and in June 2006, NorthWestern Energy 
and Babcock and Brown Infrastructure (BBI) filed a joint application with the PSC seeking the 
commission’s approval of BBI’s acquisition of NorthWestern.  In 2007, the PSC unanimously 
denied the application, finding that the proposed $2.2 billion merger would present a risk to 
NorthWestern’s financial integrity and to Montana customers of NorthWestern.20  


Ultimately, competitive choice did not develop for small residential and commercial customers 
in the state, and with the approval of the "Electric Utility Industry Generation Reintegration 
Act" by the 2007 Legislature, the transition to customer choice ended for NorthWestern 
customers. The act also put NorthWestern on track to transition into a vertically integrate 
utility, owning both generation assets and transmission and distribution assets. 


The 2007 Electric Utility Industry Restructuring and Customer Choice Act, or the "reregulation" 
bill as it was often called, allowed NorthWestern Energy to own electric power plants again and 
to dedicate the power it produces to Montana customers. It significantly tailored customer 
choice, limiting the ability of retail customers with a monthly demand of less than 5,000 
kilowatts to migrate to other electricity suppliers if those customers were receiving electricity 
from a public utility prior to October 2007. 


Prior to the 2007 law, as previously discussed, a NorthWestern Energy customer could choose 
an electricity supplier. If a customer was a member of a cooperative that did not open up to 
competition or a customer of Montana-Dakota Utilities Co., the price of retail electricity supply 
remained set by either the cooperative board or the PSC, respectively. For the most part, 
competitive markets did develop to serve large industrial electricity customers, and most of 
those customers selected alternative electricity suppliers.  


The TAC, in its November 2000 annual report, described some positive results of the transition 
to competition. It found that most large industrial customers in Montana obtained electricity 
from suppliers other than Montana Power Company at cost savings of 5% to 10%. Both Glacier 
Electric Cooperative and Flathead Electric also opened their systems to competition. Flathead 
Electric purchased the distribution system of PacifiCorp and began serving PacifiCorp's former 
customers.21 But the positive aspects also came with some caveats. As mentioned previously, 
some industrial customers were hard hit. The PSC also ended up filing an injunction in state 
district court to prevent PacifiCorp from selling the utility and fleeing the state to avoid what 
the PSC determined to be stranded benefits due to PacifiCorp’s customers as a result of the 
transition to competition. 


Market volatility and the lack of significant small-customer retail competition, however, forced 
the 2007 Legislature to effectively put an end to full customer choice.  


                                                           
20 PSC Docket D2006.6.82, Final Order 6754e. 


21 http://leg.mt.gov/content/publications/committees/interim/1999_2000/tac/final1999report.pdf 
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In January 2007, the Energy and Telecommunications Interim Committee requested that a bill 
be brought forward (House Bill No. 25) to move toward reregulation of Montana's retail 
electricity supply. The bill was amended several times and was the subject of much debate. The 
reasons stated in the testimony before the Legislature to pass House Bill No. 25 were: 


➔ Competitive markets had not developed for small customers in Montana and electricity 
consumers were being exposed to higher market prices. 


➔ NorthWestern Energy, with no generation assets of its own, lacked power at the 
bargaining table when securing the supply it needed to meet customer demand.  


➔ Continuing to have small customer choice in law while a competitive market didn't 
actually exist created electric load uncertainty that impeded NorthWestern Energy's 
ability to plan for and procure electricity supply at optimal terms and prices. 


➔ NorthWestern Energy needed the ability to build new plants and dedicate that power to 
Montana customers at regulated, stable rates.22 


In signing House Bill No. 25 (Chapter 491, Laws of 2007) in May 2007, former Governor Brian 
Schweitzer noted: "Potential benefits from HB 25 will only accrue down the road." 


After passage of House Bill No. 25, if someone in Montana is a small customer of NorthWestern 
who did not choose an alternative electricity supplier prior to October 2007, that person is now 
part of the electricity supply load that is regulated by the PSC. Small NorthWestern Energy 
customers still have the opportunity to purchase a separately marketed product composed of 
electricity from renewable resources – subject to a tariff and other limitations. 


With changes made by the 2007 Legislature, NorthWestern Energy also began pursuing its own 
generation assets, using the guidelines put into place in House Bill No. 25 and directing the PSC 
on the steps to be followed in reviewing and potentially approving NorthWestern Energy's 
electricity supply resources. To ease concerns about financing new power plants, Montana law 
allows utilities to obtain preapproval for certain, significant generating projects they hope to 
build or acquire. Preapproval provides some level of cost recovery assurance prior to 
constructing or acquiring generation assets.  


By 2015, owned generation resources supplied about 75% of NorthWestern’s retail load 
requirements. NorthWestern Energy owns about 854 megawatts, including 222 megawatts or a 
30% share in Colstrip Unit 4, 150 megawatts of generation from the Dave Gates Generation 


                                                           
22 For the text of testimony in support and in opposition, see the committee minutes of House Bill No. 25 
during the 2007 legislative session. 
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Station, which is used as a regulating reserve plant, 40 megawatts from Spion Kop Wind, and 
442 megawatts from the 2014 purchase of hydroelectric generating facilities in Montana.23  


In 2014, NorthWestern Energy acquired the 11 hydroelectric facilities previously owned by 
Talen Energy Corp. (PPL Montana) representing 633 megawatts of capacity and one storage 
reservoir. The $900 million purchase of the hydroelectric generating facilities includes 
Thompson Falls Dam on the Clark Fork River; Kerr Dam on the Flathead River; Madison Dam 
on the Madison River; Mystic Lake Dam on West Rosebud Creek; and Hauser, Holter, Black 
Eagle, Rainbow, Cochrane, Ryan and Morony dams along the Missouri River. In 2015, Kerr 
Dam was transferred to Energy Keepers, Inc., a wholly owned corporation of the Confederated 
Salish and Kootenai Tribes. 


The sale signaled the return of the dams to utility ownership -- about 15 years after they were 
sold by Montana Power Company during Montana's experiment with deregulation. To pay for 
the acquisition, NorthWestern Energy customers are paying a rate increase amounting to about 
5% or $4.20 per month for a typical residential customer.24 


“The dams that are so much a part of Montana’s environment and heritage are now dedicated 
to serve our Montana customers, at prices based on the cost of providing service, not on the 
western power market.  Fifty years from now, as these assets are paid down, our children and 
grandchildren will appreciate the farsighted leadership of Montana PSC Chairman Gallagher 
and his colleagues, who made this possible,” said Bob Rowe, NorthWestern Energy's CEO. 


The 2009 Legislature also continued to take steps to allow for utility integration. In approving 
House Bill No. 294 (Chapter 127, Laws of 2009), the Legislature allowed a natural gas utility that 
had restructured to acquire natural gas production and gathering resources and include them in 
the rate base. The revisions to the law also establish procedures for a utility to apply to the PSC 
for approval to include them in the rate base prior to the acquisition.  


Beginning in 2010, NorthWestern started acquiring gas production and gathering assets. As of 
December 2015, the company-owned reserves totaled 65.9 Bcf and were estimated to provide 
about 27% of the company’s expected annual retail natural gas load in Montana. The company 
also owns and operates three natural gas storage fields with aggregate working gas capacity at 
about 17.75 Bcf and maximum aggregate daily deliverability of about 195,000 dekatherms.25 


                                                           
23 https://www.northwesternenergy.com/docs/default-source/documents/ataglance/ataglancemt 


24 http://billingsgazette.com/business/features/northwestern-purchase-of-montana-dams-
complete/article_86bfb948-d78d-5098-98df-b579743b8436.html 


25 http://www.northwesternenergy.com/docs/default-
source/documents/MTFiling/GeneralRateCase/VolumeII/StatementN 
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During the 2017 Legislature, questions were raised about NorthWestern Energy’s treatment in 
the current law, and whether all aspects of House Bill 25 should remain in place or whether 
NorthWestern has successfully transitioned into a vertically integrated utility.  


The 2017 Legislature passed and approved House Bill No. 193, revising how NorthWestern 
Energy’s electricity cost recovery is conducted. It standardizes the treatment of all public 
utilities, including NorthWestern, for the approval of cost-tracking adjustments. It eliminated 
an exemption allowing the utility to recover the full cost of power it purchases from other 
sources. The Montana Consumer Counsel supported the legislation and asked that a “relic of 
deregulation” be removed.  NorthWestern Energy opposed the bill and argued that it 
eliminated prudency in regulatory decisions. “NorthWestern has struggled mightily to put 
humpty-dumpty together again,” John Alke, representing NorthWestern Energy, told the 2017 
House Energy, Technology and Federal Relations Committee. The company argued that the 
company still operates under a bankruptcy agreement and consent order entered into by the 
PSC, Montana Consumer Counsel, and company in July 2004 and therefore standardized 
treatment was inappropriate.26  


With passage of the bill, the PSC in May 2017 initiated a process to develop a replacement 
electricity tracker for NorthWestern.  The action became intertwined with other 2017 PSC 
decisions regarding qualifying facilities and contract lengths. The issue continues to simmer, 
with the PSC finding, “the commission remains interested in potential adjustment base rates.”27 
NorthWestern Energy also intends to file a general rate case in September 2018. It can be 
anticipated that with the filing of a general rate case – the first since 2009, the ongoing issues 
concerning qualifying facilities and contract lengths, and implementation of House Bill No. 193 
by the PSC will all lead to a number of energy policy issues being brought before the 2019 
Legislature.  


Hydropower in Montana 
Hydropower is an important part of Montana’s energy generation mix and accounted for more 
than one third of the state’s net electric generation in 2015. There are currently  32 operating 
hydroelectric facilities in Montana and six of the state’s largest generating plants are water 
powered. At over 562 megawatts of nameplate capacity, Noxon Rapids, located along the Clark 
Fort River in Sanders County, is the largest hydroelectric facility in Montana with a nameplate 
capacity of 562 megawatts. The facility ships nearly all of its generation out of state. In 2015, 
Montana ranked seventh among states for power generated by hydroelectric dams, falling from 


                                                           
26 For the text of testimony in support and in opposition, see the committee minutes of House Bill No. 193 
during the 2017 legislative session. 


27 PSC Docket D2017.5.39, Order 7563. 
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fifth largest due to drought conditions experienced in the second half of 2015. Most 
hydroelectric facilities in the state are owned by utilities. Others are owned by the Bureau of 
Reclamation or the Army Corps of Engineers. One of these large facilities, the Seli’š Ksanka 
Qlispe’ dam (formerly the Kerr Dam) was purchased by the Confederated Salish and Kootenai 
Tribes in 2015. This is the first tribally owned hydroelectric dam in the United States.  


Most of Montana’s large hydroelectric dams are run of the river dams located along the 
Missouri River. These dams were built between the late 1800’s and the 1950’s to meet the 
electricity demand of the state’s increasing population and high-energy consuming industries 
such as copper mining and production. Other large hydroelectric dams in Montana are part of 
the Federal Columbia River Power System, which includes a series of hydropower projects on 
the Columbia River and its tributaries in Idaho, Oregon, Washington, Montana and Wyoming. 
The Hungry Horse, Libby, and Noxon dams are storage dams that generate electricity but also 
serve as flood control and irrigation systems on the Columbia River Power System. The 
Bonneville Power Administration (BPA), a federal power marketing agency, markets power 
from these dams and sells it to rural electric cooperatives in Montana and other utilities across 
the Northwest.  


Table 3. Montana Hydroelectric Facilities  


Facility Name Company Name County Initial Operation 
Date  


Generator 
Nameplate (MW) 


Noxon Rapids Avista Sanders 1959 562.4 
Libby Dam  U.S. Corps of 


Engineers 
Lincoln 1975 525.0 


Hungry Horse 
Dam 


U.S. Bureau of 
Reclamation 


Flathead 1952 428.0 


Yellowtail Dam U.S. Bureau of 
Reclamation 


Big Horn 1966 250.0 
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Facility Name Company Name County Initial Operation 
Date  


Generator 
Nameplate (MW) 


Seli’š Ksanka 
Qlispe’ Dam 


Confederated 
Salish and 
Kootenai Tribes 
(CSKT) 


Lake 1938 207.6 


Fort Peck Dam U.S. Corps of 
Engineers 


McCone 1943 185.3 


Thompson Falls NorthWestern 
Energy 


Sanders 1915 87.1 


Cochrane Dam NorthWestern 
Energy 


Cascade 1958 60.4 


Rainbow Dam NorthWestern 
Energy 


Cascade 1910 60.0 


Canyon Ferry Dam U.S. Bureau of 
Reclamation 


Lewis and Clark 1953 49.8 


Ryan Dam NorthWestern 
Energy 


Cascade 1915 48.0 


Morony Dam NorthWestern 
Energy 


Cascade 1930 45.0 


Holter Dam NorthWestern 
Energy 


Lewis and Clark 1918 38.4 


Hauser Dam NorthWestern 
Energy 


Lewis and Clark 1911 17.0 


Black Eagle Dam NorthWestern 
Energy 


Cascade 1927 16.8 


Turnbull Hydro  Turnbull Hydro, 
LLC 


Teton 2011 13.0 


Mystic Dam NorthWestern 
Energy 


Stillwater 1925 10.0 


Broadwater Dam Montana DNRC Broadwater 1989 9.6 
Madison Dam NorthWestern 


Energy 
Madison 1906 8.8 


Tiber Dam Tiber Dam, LLC Liberty 2004 7.5 
Lake Creek  CSKT Lincoln 1917 4.5 
Bigfork Pacificorp Flathead 1910 4.2 
Flint Creek Dam Granite County Granite 1901 2.0 
South Dry Creek 
Dam 


Hydrodynamic Carbon 1985 2.0 


Boulder Creek Boulder Creek 
Hydro, LLC 


Lake 1984 0.51 


Ross Creek Ross Creek Hydro, 
LLC 


Gallatin 1990 0.45 


Wisconsin Noble Wisconsin Creek, 
LLC 


Madison 1989 0.4 


Hellroaring Mission Valley 
Power Co. 


Lake 1916 0.4 
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Boulder Creek CSKT Lake 1984 0.4 
Pony Generating 
Station 


Gerald and Glenda 
Ohs 


Madison 1985 0.3 


Pine Creek  Howard and 
Mildred Carter 


Park 1986 0.3 


Strawberry Creek Hydrodynamics, 
Inc. 


Park 1987 0.19 


 


 


The ownership history of the dams currently owned by NorthWestern Energy reflects 
Montana’s history with electricity deregulation and re-regulation.  The 11 hydroelectric facilities 
currently owned by NorthWestern Energy were built between the late 1800’s and the late 
1950’s. NorthWestern Energy’s predecessor, The Montana Power Company, was formed in 1912 
and acquired the existing dams. The company built additional large dams over several decades 
to serve their customers. After the Montana Legislature passed Senate Bill No. 390 to implement 
electricity deregulation in 1997, the Montana Power Company sold its coal and hydroelectric 
generating facilities to Pennsylvania Power and Light (PPL), a private, unregulated power 
marketing company. In 2007, the Montana Legislature passed a bill that re-regulated the 
electricity sector and allowed NorthWestern Energy to own electric generating assets to serve 
their Montana customers. In 2014, the Public Service Commission approved NorthWestern 
Energy’s purchase of the 11 hydroelectric facilities from PPL for $870 million.  


Future Hydroelectric Generation Opportunities  
The potential for new, large, run of the river hydroelectric dams is limited but opportunities to 
increase hydroelectric generation in Montana are being explored through retrofits of existing 
dams and pumped storage hydro projects. The Montana Department of Natural Resources and 
Conservation (DNRC) evaluates the potential for small hydropower project potential at the 22 
state-owned dams in Montana. Water from these dams is marketed to local water users, 
primarily for irrigation. A 2012 study assessed the feasibility of hydropower on three state-
owned dams in Montana.28 These dams included Tongue River Dam in Big Horn County, the 
Painted Rocks Dam on the West Fork of the Bitterroot River in Ravalli County and the Cooney 
Dam on Red Lodge Creek in Carbon County. Based on power generation potential, 
transmission line requirements and other financial considerations, the Tongue River Dam was 
deemed marginally feasible for power generation. The DNRC made an application to the 
Federal Energy Regulatory Commission (FERC) for a preliminary permit for the Tongue River 
Power Project and FERC granted the Montana DNRC the permit on July 30, 2014.  


                                                           
28 DNRC. Report on Survey of Power Generation Capacity to Montana Legislature Energy and 
Telecommunications Interim Committee. June 2016. http://leg.mt.gov/content/Committees/Interim/2015-
2016/Energy-and-Telecommunications/Meetings/July-2016/hydrocover.pdf  



http://leg.mt.gov/content/Committees/Interim/2015-2016/Energy-and-Telecommunications/Meetings/July-2016/hydrocover.pdf

http://leg.mt.gov/content/Committees/Interim/2015-2016/Energy-and-Telecommunications/Meetings/July-2016/hydrocover.pdf
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Pumped storage  
Hydroelectric pumped storage moves water between two reservoirs located at different 
elevations to store energy and generate electricity. These facilities operate like large batteries on 
the grid. During times of low electricity demand (most often at night), excess electricity 
generation is used to pump water from the lower reservoir to the upper reservoir. When 
demand for electricity is high, the stored water in the upper reservoir is released through a 
turbine to the lower reservoir to generate electricity. In addition to electricity storage, pumped 
storage projects can help stabilize the grid and help integrate and balance renewable energy and 
other variable energy resources on the grid.29 One potential pumped storage project, the Gordon 
Butte Pumped Storage Project, has received a construction and operating license from FERC. 
This 400 MW project would be located on private land in Meagher County. The upper reservoir 
would be built on Gordon Butte and the lower reservoir would be located below Gordon Butte.  
The water cycled between the reservoirs could allow for an estimated 8.5 hours of energy 
generation at maximum discharge. Another project, the Coffin Butte Pumped Storage Hydro 
Project has received a preliminary permit from FERC to begin a multi-year licensing process.  
Both Gordon Butte and Coffin Butte projects are being developed by Absaroka Energy, a 
company based in Bozeman, Montana.  


Coal-fired electric generation 
In Montana 
Coal-fired generation has provided the majority of the electricity produced in the state since 
construction of Colstrip Unit 4 was completed in 1986. Montana’s vast reserves of sub-
bituminous coal are used to power most of the in-state coal generation, with one facility, the 
Lewis and Clark Station in Richland County, burning lignite coal from the nearby Savage Mine. 


As of June 2017, there was 2,289 MW of coal-fired generating capacity in Montana, representing 
37 percent of the state’s nameplate generating capacity. In 2015, coal generated 16,013 GWh, 
representing 55 percent of all in-state electric generation.30 


In 2010, a significant number of coal-fired power plants across the nation announced plans for 
retirement. Since that time, 101 GW of coal generation in the U.S. have either retired or 


                                                           
29 Federal Energy Regulatory Commission. “Pumped Storage Projects” 
https://www.ferc.gov/industries/hydropower/gen-info/licensing/pump-storage.asp. Accessed on October 
20, 2017.  


30  U.S. Department of Energy, Energy Information Administration, Form EIA-923. 



https://www.ferc.gov/industries/hydropower/gen-info/licensing/pump-storage.asp
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announced plans to retire in the coming years.31  Nationally, 65 GW of coal-fired capacity was 
retired by June 2017. In April of 2015, the J.E. Corette plant in Billings ceased operations. The 
plant was dismantled later that year. Additionally, a lawsuit was brought in 2013 under the 
Clean Air Act by the Sierra Club and the Montana Environmental Information Center against 
Puget Sound Energy and Talen Energy, the owners of Colstrip Units 1 & 2. The suit, settled in 
2016, resulted in an agreement to shutter the two units no later than July 1, 2022.  


While the majority of Montana’s coal-fired facilities are owned by regulated utilities, 
independent power producers own a portion of the state’s existing fleet. The Hardin Generating 
Station, a merchant coal-fired power plant, has not fully paid their taxes over the past few years 
and the owners of the facility have indicated they may shutter the facility as soon as the first 
quarter of 2018. 


Table 4. Montana Coal-Fired Generation Facilities  


Facility Name Company Name County Initial Operation 
Date  


Generator 
Nameplate (MW) 


J.E. Corette 
(RETIRED) 


Talen Energy Yellowstone 1968-Retired 
2015 


153 


Colstrip Unit 1 Talen Energy 
(50%), Puget 
Sound Energy 
(50%) 


Rosebud 1975 307 


Colstrip Unit 2 Talen Energy 
(50%), Puget 
Sound Energy 
(50%) 


Rosebud 1976 307 


Colstrip Unit 3 Talen Energy 
(30%), Puget 
Sound Energy 
(25%), Portland 
General Electric 
(20%), Avista 
(15%), PacifiCorp 
(10%) 


Rosebud 1984 740 


Colstrip Unit 4 NorthWestern 
Energy (30%), 
Puget Sound 
Energy (25%), 
Portland General 
Electric (20%), 
Avista (15%), 
PacifiCorp (10%) 


Rosebud 1986 740 


                                                           
31 Source: ACCCE. Retirement of Coal-Fired Electric Generating Units. June 11, 2017. Retrieved from: 
http://www.americaspower.org/wp-content/uploads/2017/06/Coal-Retirements-Paper-June-2017.pdf  



http://www.americaspower.org/wp-content/uploads/2017/06/Coal-Retirements-Paper-June-2017.pdf
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Lewis & Clark Montana-Dakota 
Utilities 


Richland 1958 53.1 


Rosebud Colstrip Energy LP 
(CELP) 


Rosebud 1990 35 


Hardin 
Generating 
Station 


Heorot Power 
Management 


Big Horn County 2006 107 


 


The four-unit facility in Colstrip leads all coal-fired electric generation in terms of capacity in 
Montana and is the second largest coal-fired facility west of the Mississippi River. Colstrip has 
the largest nameplate capacity of any generator with 2,094 MW; Units 1 and 2 are rated at 307 
MW and Units 3 and 4 at 740 MW. It also contributes the most electric production of any facility 
in the averaging more than 14,000 GWh annually over the past decade. The four units at 
Colstrip are jointly owned by six entities. 


Table 5. Colstrip Ownership Breakdown 


 Units 1 & 2 Unit 3 Unit 4 Total (%) Total (MW) 
Puget Sound Energy 50% 25% 25% 32% 677 MW 
Talen Energy 50% 30% -- 25% 529 MW 
Portland General Electric -- 20% 20% 14% 296 MW 
NorthWestern Energy  -- -- 30% 11% 222 MW 
Avista Corp. -- 15% 15% 11% 222 MW 
PacifiCorp -- 10% 10% 7% 148 MW 


 
Wind Energy in Montana 
Montana’s large geographic area and high plains with interspersed mountains and river valleys 
make it one of the highest ranked states for utility-scale wind generation potential in the U.S. 
The National Renewable Energy Laboratory (NREL) estimates 679,000 MW of wind generation 
potential at 80 meters above ground in the state, ranking Montana second in total wind energy 
production potential. As depicted in the map below, most of the state’s best wind energy 
resource lies in the central and eastern areas of the state. Despite this potential, Montana’s 
distance from large, population centers (energy loads) and its transmission constraints have 
resulted in the state developing a small fraction of its utility scale wind potential. Montana 
developed 695MW of installed wind energy capacity by 2016, ranking Montana 22nd in installed 
wind capacity among states.  Wind energy accounted for nearly 7 percent of Montana’s net 
electricity generation in 2015.  
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Current Projects 
Montana’s first utility scale wind project, the 135 MW Judith Gap wind facility near Harlowton, 
began operating in 2005. The Judith Gap facility is owned by Invenergy. NorthWestern Energy 
purchases power from Judith Gap to help meet their Renewable Portfolio Standard (RPS) 
requirements under state law. After the construction of Judith Gap and the passage of RPS 
requirements in 2005, Montana saw several additional wind energy projects become operational 
between 2005 and 2012. In 2007, the Diamond Willow wind farm near Baker began operating. 
This 30MW facility is owned by Montana Dakota Utilities and meets their obligations under the 
state RPS. In 2009, both phases of the 210 MW Glacier Wind farm were completed. The facility is 
currently the largest wind energy facility in the state located near Shelby in northcentral 
Montana. The 189MW Rim Rock wind farm located north of Cut Bank and the 40MW Spion 
Kop wind farm northwest of Geyser were completed in 2012. In addition to the larger wind 
energy developments, a number of smaller wind energy developments successfully obtained 
power purchase contracts to sell renewable electricity to NWE. These developments include the 
nine MW Horseshoe Bend wind farm completed in 2006 near Great Falls, the 10MW Gordon 
Butte wind farm completed in 2012 near Martinsdale, and the 20MW Musselshell I & II wind 
farms completed in 2012 near Shawmut. Montana’s newest wind facilities began operation 
between 2014 and 2016. Two Dot wind owned by NJR Clean Energy Ventures is a 9.7 MW 
facility that sells its power to NorthWestern Energy.  The 10 MW Greenfield Wind project, 
operational since 2014, and the 20MW Fairfield Wind project, operational since 2016, are located 
in Teton County and are owned by Greenbacker Renewable Energy.  Several smaller wind 
projects under one MW have contracts to sell power to NorthWestern Energy. 
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Table 6. Montana Wind Facilities 


Facility Name Owner County Operation Date Generator 
Nameplate (MW)  


Glacier Wind 1&2 NaturEner  Toole 2008, 2009 210 MW 
Rimrock Wind NaturEner Toole 2012 189 MW 
Judith Gap Wind Invenergy Wheatland 2005 135 MW 
Spion Kop Wind NorthWestern 


Energy 
Judith Basin 2012 40 MW 


Diamond Willow 
1&2 


Montana Dakota 
Utilities 


Fallon 2007, 2010 30 MW  


Musselshell 1 &2  Goldwind USA Wheatland 2012 20 MW  
Fairfield Wind  Greenbacker 


Renewable Energy 
Teton 2014 20 MW  


Greenfield Wind Greenbacker 
Renewable Energy 


Teton 2016 10 MW  


Two Dot wind NJR Clean Energy 
Ventures 


Wheatland 2014 9.7 MW 


Gordon Butte 
Wind 


Gordon Butte 
Wind, LLC 


Meagher 2012 9.6 MW 


Horseshoe Bend 
Wind 


United Materials 
of Great Falls, Inc. 


Cascade 2006 9 MW 


Martinsdale 
Colony South 


Two Dot Wind, 
LLC 


Wheatland 2007 2MW 


Martinsdale 
Colony 


Two Dot Wind, 
LLC 


Wheatland 2004 0.75 MW 


Sheep Valley 
Ranch 


Two Dot Wind, 
LLC 


Wheatland 2004 0.455 MW 


 


Since 2016, several new utility scale wind projects have been proposed in Montana and are at 
various stages of permitting and development. The 300 MW Clearwater wind farm is one 
proposed project that if developed, would be the state’s largest wind energy facility. Most of 
these projects depend on their ability to export and sell electricity to out-of-state utilities and 
electricity suppliers to meet energy demand in states with larger populations than Montana. 
Currently, more than half of the electricity generated in Montana is exported. Most of this 
electricity is generated at the Colstrip Generating Station and sold to utilities in Washington and 
Oregon. Since the announcement that Colstrip Units 1 and 2 would be retiring no later than 
2022, these utilities are considering what resources will replace their share of the Colstrip units. 
Montana’s wind resource may be a viable option for these utilities because it is most productive 
during the winter, when energy loads in Washington and Oregon are at their peak.32  The 
Colstrip transmission lines will also have open capacity with the closure of the two Colstrip 


                                                           
32 Northwest Power Planning and Conservation Council. System Capacity Contribution of Montana Wind 
Resources. August 2, 2016. Accessed online https://www.nwcouncil.org/media/7150484/3.pdf.  



https://www.nwcouncil.org/media/7150484/3.pdf
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units.  Future wind projects may also be developed as “qualifying facilities” under the federal 
Public Utility Regulatory Policy Act (PURPA). The proposed 80-megawatt Vivaldi Springtime 
wind project is one of these qualifying facilities and could begin operating in 2018.  


Solar Power in Montana 
Utility-scale solar photovoltaic (PV) generating systems are an emerging energy supply in 
Montana, but still represent a small slice of Montana’s generating mix.  The installation of 
Distributed utility customer-sited PV systems has gradually increased in Montana in the past 
decade. Utility-scale solar farms developed to sell power directly into the grid came online in 
the last year. The combined output from solar PV systems in Montana represents about .04 
percent of statewide electricity sales.  That puts Montana ahead of neighboring Wyoming, 
North Dakota and South Dakota based on energy supplied from solar, but behind Idaho.  By 
comparison, states with the highest levels of solar energy development in the country are 
currently supplying 3 to 13 percent of their electricity from solar PV installations (Table 1).    


Table 7. Solar market penetration summary33 


 Montana Idaho Wyoming North 
Dakota 


South  
Dakota California Arizona Hawaii 


Number of 
Customers 
(2015) 


605,057 835,429 336,471 450,869 461,994 14,832,166 3,011,728 489,694 


2016 Peak 
Demand 
(MW)  


4,348 3,935 1,256 8,032 3,558 66,775 19,560 1,659 


Solar 
Capacity 
(MW) 


28 359.3 3 0.3 0.4 18,920 3,151 748 


Solar 
Capacity as 
% of Peak 
Demand  


0.64% 9.13% 0.24% 0.00% 0.01% 28.33% 16.11% 45.12% 


2015 Retail 
Electric 
Sales 
(MWh) 


11,485,015 23,058,814 16,924,762 18,128,948 12,101,979 181,586,115 77,295,498 9,503,226 


% 
Electricity 
from Solar  


0.04% 0.61% 0.01% 0.00% 0.00% 13.39% 5.11% 7.01% 


                                                           
33 Montana Department of Environmental Quality. (2017). Montana Solar Market Assessment. 
http://deq.mt.gov/Portals/112/Energy/Documents/Montana%20Solar%20Market%20Assessment%20-
%20Final.pdf?ver=2017-09-15-114156-387   



http://deq.mt.gov/Portals/112/Energy/Documents/Montana%20Solar%20Market%20Assessment%20-%20Final.pdf?ver=2017-09-15-114156-387

http://deq.mt.gov/Portals/112/Energy/Documents/Montana%20Solar%20Market%20Assessment%20-%20Final.pdf?ver=2017-09-15-114156-387
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Montana’s solar resource 
Being a northern state, Montana does not have the solar energy resources found in the desert 
Southwest states of California, Nevada, Arizona, and New Mexico, which have seen dramatic 
increases in solar energy in recent years, including the installation of large, utility-scale solar 
energy facilities. Nevertheless, Montana has respectable solar energy potential as compared 
against other U.S. cities (Figure 1).  
 


Figure 3. Ten-year average solar production in selected U.S. cities34


 


The combination of a high number of sunny or partly sunny days and a temperate summer 
climate, which reduces efficiency losses that occur with PV systems as temperatures increase, 
help to make up for the northern latitude of the state. The strongest solar potential within 
Montana can be found in areas across the southern tier of the state, with the weakest in the 
northwest (Figure 2). 


Operational utility-scale solar projects 
Currently there are six operational, utility-scale solar projects in Montana (Figure 2 and Table 
2), each with a generating capacity of 2 to 3 MW-AC. The projects are located on private land 
and are approximately 30 to 40 acres in size. The projects consist of many rows of solar modules 
(panels) mounted on single-axis trackers (mechanical equipment that rotates the modules from 
east to west over the course of the day to follow the sun). 


                                                           
34 Ibid, pg. 6.   
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Table 8. Utility-scale solar PV facilities35 


Facility Name Company Name County Initial Operation 
Date  


Generator 
Nameplate (MW-AC) 


Green Meadow 
Solar, LLC 


Enerparc Inc. Lewis & 
Clark 


2017 
 


3 


River Bend Solar, 
LLC  


Enerparc Inc. Sweet 
Grass  


2017 2 
  


South Mills Solar, 
LLC  


Enerparc Inc. Big Horn 2017 3 


Great Divide 
Solar, LLC  


Enerparc Inc. Lewis & 
Clark 


2017 3 


Magpie Solar, LLC  Enerparc Inc. Golden 
Valley 


2017 3 


Black Eagle Solar, 
LLC  


Enerparc Inc. Cascade 2017 3 


   TOTAL 17 
 
The six solar farms operating statewide were developed by Cypress Creek Renewables, FLS 
Energy, and Enerparc to sell energy to NorthWestern Energy under the requirements of the 
federal Public Utility Regulatory Policies Act (PURPA). The projects were developed as PURPA 
qualifying facilities (QFs) and were granted 25-year standard rate power purchase agreements 
by NorthWestern Energy, at a rate of approximately $66/MWh. While QFs up to 80 MW may 
negotiate a rate with NorthWestern Energy or appeal to the PSC to set an appropriate rate, 
standard rates are limited to facilities with a generating capacity of three MW or less and are 
based on the utility’s avoided cost (the marginal cost the utility would pay to procure power 
from another source). The standard rate under which each of the six original Enerparc projects 
were developed was suspended by the PSC in June of 2016. The commission approved revised 
standard offer terms in October of 2017 with a 15-year contract length and a rate of $37.26/MWh 
during high demand hours, and $28.14/MWh during low demand hours36. 
 
 
 


                                                           
35 Source: Cypress Creek Renewables.   
36 Montana Public Service Commission, Docket D2016.5.39 
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Biomass, Methane and Landfill 
Generation in Montana 
Montana has millions of acres of forested and agricultural land with potential to provide 
biomass resources for electric generation, thermal energy production, and alternative 
transportation fuels. The state also shows potential for electric generation fueled by the methane 
and carbon dioxide produced from decomposing and fermenting municipal and agricultural 
waste. However, development of biomass energy resources in Montana is limited, primarily 
because there are lower-cost renewable and conventional fuel resources available.  


 Woody Biomass 
Woody biomass, in the form of pellets, chips and cordwood, is used in a variety of power production and 
thermal heating applications. The most economical source of woody biomass fuel is associated with saw 
log harvest and saw mill operations. This type of electric generation in Montana remains limited because 
it is not currently cost-competitive with other electric generation resources. High harvest and 
transportation costs for woody biomass limit its economic viability as a standalone electricity supply 
resource. Combined heat and power (CHP), is the most economical option for generating electricity 
from woody biomass. CHP is also known as cogeneration and it allows for electricity generation and 
production of useful thermal energy in a single, integrated system. This allows for greater efficiencies 
and cost savings in facilities that have large demands for thermal energy such as heating, steam, hot 
water and even cooling. Biomass CHP facilities often achieve between 60 and 80 percent energy 
conversion efficiencies. Existing sawmills in Montana provide an opportunity for CHP because they can 
use the electricity generation to power the operation and produce heat and steam for drying lumber 
using on-site woody biomass.  


The only developed biomass CHP facility in Montana is located at the F.H. Stoltze Land and Lumber 
Company in Columbia Falls. This 2.5-megawatt cogeneration facility generates heat and steam from 
burning on-site wood waste. The steam output powers a turbine to generate electricity that is sold to 
Flathead Electric Cooperative through a power purchase agreement. Excess heat captured from the 
plant is used in the lumber mill’s kilns for wood drying.   


Woody biomass is also used as fuel in boilers to heat schools, hospitals and other community buildings. 
There are currently 14 woody biomass heating projects at facilities in western Montana.  
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Figure 4. Montana’s Biomass Energy Resources. Source: NREL 


 


 


Biogas and Methane  
Organic matter such as agricultural waste, manure, municipal waste, and plant material in an 
anaerobic environment can all produce gases such as carbon dioxide and methane, which make 
up biogas. Biogas can be burned in an engine to run an electrical generator. Municipal waste 
facilities (landfills) are required to prevent methane produced by decaying garbage from 
leaking into the air and groundwater. These facilities provide an ideal location for generating 
electricity from biogas. Methane produced from decaying garbage at the Flathead County 
Landfill near Kalispell is captured with a network of buried pipes and burned in an on-site 
generator to produce 1.6 megawatts of electricity. The generator provides enough electricity to 
power approximately 1,600 customers of Flathead Electric Cooperative. Additionally, Montana 
Dakota Utilities installed equipment to capture, clean, and process methane at the Billings 
Regional Landfill beginning in late 2010. The resulting natural gas is fed into MDU’s pipeline 
system and delivered to homes and businesses in the area.  
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Distributed Generation in Montana 
“Distributed generation” refers to geographically dispersed, utility customer-owned renewable 
energy systems, usually interconnected on the customer side of a utility meter. In 1999, with the 
passage of Montana net metering legislation (SB 409; Chapter 323, Laws of 1999) by the 
Montana Legislature, NorthWestern Energy customers were given the opportunity to 
interconnect a grid-compatible solar, wind, or hydropower generator with a generating capacity 
of 50 kilowatts37 or less on their property. A net metering system provides energy to the 
customer generator’s premises; any excess energy is exported back to the utility and credited on 
the customer’s bill. That credit may be carried forward over a twelve-month billing cycle. The 
utility does not pay customer generators for excess energy provided to the utility. 
NorthWestern net metering customers are credited for excess generation at the retail rate, 
however legislation that passed in 2017 (HB 219; Chapter X, Laws of 2017) initiated a utility-led 
review of the costs and benefits of net metering systems and allows for the Montana Public 
Service Commission (PSC) to establish separate rate classes and different rates for new 
customer generators.     


The (PSC) approved a net metering tariff for Montana-Dakota Utilities in 2008, modeled closely 
after the state’s statute. Most of the state’s electric cooperatives have established their own net 
metering policies with varying terms and requirements.   


The number of reported net metering systems and generating capacity is listed below by 
electricity provider (Table 8).    Of the net metered generating capacity reported, solar PV 
systems account for 90 percent of total capacity. Wind turbines represent the second largest type 
of generation, followed by micro-hydro generators.   


  


                                                           
37 For reference, a 50-kilowatt (kW) solar PV array in Helena would generate approximately 69,000-
kilowatt hours annually, more than 7 times the amount of energy consumed by an average NorthWestern 
Energy residential customer.     
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Table 9. Net metering facilities interconnected to selected Montana utilities38 


 Number of net metering 
systems 


Generating capacity of net metering 
systems (kW-DC39) 


Beartooth Electric Co-op                41            354  
Big Flat Electric Co-op 0    0 
Big Horn Electric Co-op                  2                4  
Fall River Electric Co-op                 0            0    
Fergus Electric Co-op                20            212  


Flathead Electric Co-op                52            501  
Glacier Electric Co-op                  6              75  


Goldenwest Electric Co-op 0 0 
Hill County Electric Co-op                  9              38  


Lincoln Electric Co-op                10              35  
Lower Yellowstone Electric Co-op                  2              10  


Marias River Electric Co-op 0 0 
McCone Electric Co-op 0 0 


Mid-Yellowstone Electric Co-op                  2   N/A  
Mission Valley Power                23            103  


Missoula Electric Co-op                41            227  
Montana Dakota Utilities   6  17 


Northern Lights Electric Co-op                  8              35  
NorthWestern Energy            2,143        11,726  
Park Electric Co-op                29            196  


      


Technology and production advances in the solar PV industry have helped drive down the cost 
of distributed solar PV installations relative to other distributed generation technology. 
Historical NorthWestern Energy net metering data show a trend in which installations of 
distributed wind energy systems have largely decreased since 2011, while installations of solar 
PV systems have accelerated in recent years (Figure 1).        


                                                           
38 Energy Information Administration, U.S. Department of Energy. (2017). Form EIA-861M, Net metering, 
through August 2017. Retrieved from: https://www.eia.gov/electricity/data/eia861m/.  


39 The nameplate generating capacity of distributed PV systems is typically reported in kilowatts of direct 
current (DC) voltage. PV modules produce DC voltage, which is converted by inverters to AC voltage in 
order for the output to be compatible with the transmission and distribution grid. While residential and 
small-commercial PV systems are described by their DC rating, utility scale solar farms and power plants 
are typically rated by their AC output.          



https://www.eia.gov/electricity/data/eia861m/
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Figure 5. Cumulative installed generating capacity, net metering systems, NorthWestern Energy40 


 


 


The adoption rate of distributed generation hinges on multiple factors, including the installed 
cost of the equipment, eligibility of the owner for federal and state tax credits and other 
incentives, and the kilowatt-hour rate at which excess generation is credited to the owner.  
National data reported for the first quarter of 2017 showed installed cost for residential PV (2.5-
10 kW) hovering around $4.00/watt, with the installed cost for small commercial systems (10-
100 kW) closer to $3.80/watt41. That cost is down from $4.50/watt and $4.00 for residential and 
small commercial systems respectively in 2014. Data from Montana’s Alternative Energy 
Revolving Loan Program (AERLP) suggest installed costs for distributed solar PV installations 
are lower than national averages.  The average pre-incentive installed cost per watt for grid-tied 
systems funded by the AERLP in July 2016 through June 2017 was $2.78/watt42. The average is 
based on cost data from thirty-eight systems ranging in size from two to 50 kW-DC.        


After accounting for local costs, available tax incentives, and Montana-specific utility rates, the 
payback for a residential solar PV array installed in Montana ranges from approximately 13 
years for a NorthWestern Energy customer to approximately 23 years for a member of Flathead 
Electric Co-op, which has significantly lower retail electricity rates and higher fixed monthly 


                                                           
40 NorthWestern Energy, Montana Renewable Energy Association 


41 National Renewable Energy Laboratory, U.S. Department of Energy. (2017). Q4 2016/Q1 2017 Solar 
Industry Update. Retrieved from: https://www.nrel.gov/docs/fy17osti/68425.pdf.  


42 Montana Department of Environmental Quality.   
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charges than NorthWestern43. The useful life of a solar PV array is typically considered to be 25 
years or longer.   


Community Solar    
Montana’s first community solar installations were built in 2016 and 2017 by five separate 
electricity service providers. There are four “virtually net metered” or “shared solar” projects 
operated by rural electric co-ops in which co-op members have purchased one or more panels 
of a solar PV array sited on co-op property, or in one case on a public school.  The participating 
members are given a credit on their monthly electric bill equal to the output of their 
proportional ownership in the array.  The projects were built using a variety of different 
funding sources including, in some cases, grants from the U.S. Department of Agriculture Rural 
Energy for America Program, and the Bonneville Environmental Foundation. NorthWestern 
Energy, which is currently restricted in state law from operating a similar virtual net metering 
project has built a 385 kW solar PV array on land owned by the City of Bozeman. The project is 
being used to evaluate the output of the solar array compared to a variety of Bozeman-area 
residential and commercial utility customers. Montana State University is also a partner in the 
pilot project.    


Table 10. Community solar installations in Montana44 


 Year 
installed 


Total 
installed 


community 
solar capacity 


(kW-DC) 


Number 
of Panels 


Cost per 
Panel 


Outside 
grant 


funding 


Approximate 
payback per panel 


(inclusive of federal 
investment tax 


credit) 
Ravalli Electric co-op 2016 50 kW 176 $750 Yes 20 years 


Missoula Electric Co-op 2016 
100 kW (two 
50 kW 
phases) 


358 $700 


Yes for 
phase 
one, no 
for phase 
two 


23 years 


Flathead Electric Co-op 2016 101 kW 356 $900 Yes 21 years 
Fergus Electric Co-op 2017 100 kW 324 $595 No 9.4 years 


NorthWestern Energy 2016 385 kW 1,152 


N/A—Panels 
or shares in 
pilot project 
were not 
sold 


No 
N/A—Pilot project 
not structured with 
subscription model 


 


                                                           
43 Norris, Benjamin, P. Gruenhagen, M. Chang, and S. Fields. (2017). Montana Solar Market Assessment. 
Clean Power Research and Synapse Energy Economics. Prepared for Montana Department of 
Environmental Quality. Retrieved from: 
http://deq.mt.gov/Portals/112/Energy/Documents/Montana%20Solar%20Market%20Assessment%20-
%20Final.pdf?ver=2017-09-15-114156-387, pg. 21.    


44 Ibid. 



http://deq.mt.gov/Portals/112/Energy/Documents/Montana%20Solar%20Market%20Assessment%20-%20Final.pdf?ver=2017-09-15-114156-387

http://deq.mt.gov/Portals/112/Energy/Documents/Montana%20Solar%20Market%20Assessment%20-%20Final.pdf?ver=2017-09-15-114156-387
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Energy Efficiency in Montana 
Energy efficiency and conservation are often used interchangeably, but the terms describe 
differing methods to reduce energy consumption. Energy efficiency reduces the energy 
consumed in performing a task. Energy conservation is often behavioral and aims to reduce 
overall energy use. For example, installing an LED light bulb instead of an incandescent light 
bulb is considered an energy efficiency measure. Turning the same light off when it is not in use 
is energy conservation. Energy efficiency is often measured in terms of “average megawatts” 
(aMW) savings that utilities can achieve through customer energy savings.  


Energy efficiency can help utilities meet growing customer demand by yielding energy savings 
that reduce the need for new generation resources. Energy efficiency also reduces the need to 
build new powerlines and upgrade or replace transmission and distribution system equipment. 
The avoided cost provided by energy efficiency has led many utilities to categorize energy 
efficiency as a resource, on par with any other generating resources. In the Northwest, energy 
efficiency was the second largest electricity resource after hydropower in 2014 (Figure X).  


 
Figure 6: Percentage of Load Growth Met by Electricity Resources in Northwest States  


(OR, WA, ID, MT) 


  


Source: Northwest Power Planning and Conservation Council  


 


Demand-side management (DSM) is one energy efficiency program that encourages consumers 
to modify their level and pattern of energy usage. Demand side management programs are 
often utility- administered and include financial incentives for customers to reduce or defer 
their energy use. These programs are designed to save consumers money and allow utilities to 
avoid spending ratepayer dollars to build new resources and upgrade existing infrastructure. 
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Some DSM programs can be targeted at reducing energy use during the highest use (peak) 
periods. Utilities often make infrastructure investment decisions based on consumer demand 
during peak periods. Demand response is a type of demand side management that can cause 
certain consumers to reduce their energy use during peak periods.  These consumers could be 
large such as a refinery or as small as an individual home.  Montana’s current energy policy 
(Title 90, chapter 4, part 10, MCA) promotes demand-side management. 


Energy Efficiency Savings  
In 2016, United States utilities invested approximately $7.6 billion in energy efficiency and 
saved approximately 25.4 million megawatt-hours (MWh), or 2,899 average megawatts of 
electricity.45 This savings is the equivalent of nearly 1.5 times Montana’s total annual electricity 
use. Most energy savings can be attributed to federal, state, and local policies and utility-
initiated programs that encourage energy efficiency in the industrial, commercial, and 
residential sectors. Most of Montana’s current energy efficiency savings are driven by utility 
programs, state-led initiatives, and energy efficiency incentives. Montana’s largest utility, 
NorthWestern Energy set a goal in their last biennial resource plan to achieve six average 
megawatts of energy savings per year between 2010 and 2024 for 84 average megawatts by 
2025.  Since 2010, the utility has achieved greater annual energy savings than 6.0 average 
megawatts and spent less to achieve these energy savings than budgeted.46 Between 2011 and 
2014, NorthWestern Energy achieved about 9.5 aMW of energy savings per year on average.  


The electric cooperatives in western Montana receive their electricity supply from the 
Bonneville Power Administration (BPA) and participate in BPA energy efficiency programs to 
varying degrees. Overall, the BPA energy efficiency programs in Montana have averaged about 
2.3 aMW of savings in the last several years.  In total, Montana utilities average about 11.5aMW 
per year in energy efficiency savings.   


Energy Efficiency Programs and Policies  
One common energy efficiency policy is an Energy Efficiency Resource Standard (EERS). These 
policies establish goals for utilities to achieve energy efficiency savings over several years. 
Energy efficiency standard targets are based on a percentage of retail sales, achieved 
incrementally over time. Montana has not adopted an EERS for utilities. Some utilities in 
Montana offer rebates and other incentives for customers who purchase energy-efficient 
appliances and light bulbs, receive energy audits, and participate in other energy conservation 
and efficiency programs. Most of the funding for electric and gas utility efficiency programs in 


                                                           
45 American Council for an Energy-Efficient Economy. The 2017 State Energy Efficiency Scorecard. 
September 2017.  


46 NorthWestern Energy. 2015 Electricity Supply Resource Procurement Plan. Chapter 3: Demand Side 
Management. Table 3-1 DSM Acquisition Plan and Budget.  
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Montana comes from the Universal Systems Benefits (USB) fund passed by the legislature in 
1997 as part of the electricity deregulation legislation. USB programs were established to ensure 
continued utility funding to support low-income energy assistance, energy conservation, and 
renewable resource projects. Investor-owned utilities and electric cooperatives are required to 
establish and fund USB programs that meet these three public purposes. There is a USB 
surcharge on each electric and gas utility customer’s bill that funds the utility USB programs. 
On average, this charge adds about one dollar to customers’ natural gas and electric bills each 
month. Since 2007, more than $60 million of funding has been contributed by utilities toward 
USB programs in the state.  


Other policies such as energy codes reduce energy consumption in the building sector. 
Buildings consume 74 percent of electric consumption and 41 percent of the total energy used in 
the United States. Montana’s residential energy code requires state standards for factors such as 
insulation levels, thermal ratings for windows, and heating appliance performance. Montana’s 
current statewide energy code for new residential buildings is based on the 2012 International 
Energy Conservation Code (IECC). Every three years, the Montana Department of Labor must 
review the energy code and consider whether to adopt all or parts of the latest versions of 
national and international building standards for energy efficiency.  


Energy Efficiency Savings Potential  
The Northwest Power Planning and Conservation Council develops a regional power plan 
every five years for Idaho, Montana, Oregon, and Washington. The Northwest Power Act of 
1980 established the Council and the purposes of the regional power plan. One of the primary 
purposes is to encourage conservation and efficiency in the use of electric power within the 
Pacific Northwest. Since 1980, more than half of the northwest region’s growth in demand for 
electricity has been met with energy efficiency and the region has exceeded annual efficiency 
targets set by the Council every year since 2005. The Council published and adopted the 
seventh iteration of the regional power plan in February 2016. The Seventh Power Plan 
estimates that across the four states there are 4,300 average megawatts of electricity sector 
conservation that can be economically developed between 2015 and 2035. This energy efficiency 
potential is enough to meet all expected load growth during that 20-year planning horizon. This 
is a potential savings equivalent of 2.5 times Montana’s total electricity consumption in 2016. A 
2016 energy efficiency market study conducted for NorthWestern Energy determined that the 
economic energy efficiency potential for the utility between 2015 and 2034 is approximately 94 
aMW, or 11.5 percent of forecasted baseline sales.47  


 


                                                           
47 Nexant, Inc. Electricity Energy Efficiency Market Potential Study for NorthWestern Energy. November 2016 
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Demand Response  
Demand response is a specific type of demand side management that represents a voluntary 
and temporary change in consumer electricity use when the power system is stressed. Demand 
response programs often create price signals for consumers to reduce electricity use at the times 
of the day and during certain periods of the month when electricity use is the highest (peak 
load). Reduced electricity during peak periods can help significantly reduce costs associated 
with transmission and other electricity system upgrades because systems are frequently built, 
upgraded and expanded to accommodate peak electricity use. The Northwest Power Planning 
and Conservation Council’s regional power plan identifies cost-effective demand response 
resources as the least cost-solution for meeting the region’s new peaking capacity needs by 
2021. The plan estimates that a minimum of 600 MW of cost-effective demand response is 
available to meet regional peak capacity needs. Residential and commercial voluntary demand 
response programs available in Montana have so far been limited to NorthWestern Energy’s 
demand response pilot program for select customers in Helena and a demand response 
program for Flathead Electric Cooperative’s residential customers. Both voluntary programs 
have focused on offering incentives to participating customers to install smart thermostats and 
smart appliances to control their energy use during peak times.  


 


  







  


 43 


 


 


 


 


 


The electric transmission and distribution grid serves the vital function of moving power from 
generating plants to customers and their electric loads (demand).48The grid reliably provides 
this service even when individual elements of the transmission grid are out of service. 
Ownership and the rights to use the transmission system are complex matters. The use is 
further complicated by line congestion on in-state and interstate lines.  The methods by which 
electricity flows on the lines is changing over time. Electric transmission also faces increasing 
regulation at the national level, new markets at the regional level, and increasing amounts of 
variable generation on the system. The construction of new in state and out-of-state 
transmission lines to expand the capacity of the current grid and make new Montana power 
generation possible also provides a challenge, raising questions about property rights, economic 
development, and whether new lines are actually needed. 


Basics of the Grid 
• Transmission lines are high voltage lines, usually 69 kV and above, that deliver 


electricity over long distances. The power on these lines is usually stepped down to a 
lower voltage to serve demand. Distribution lines are those lines that are smaller than 69 
kV and deliver power directly to cities, homes, and businesses. Transmission lines are 
typically seen on large metal or wooden structures high above the ground.  Distribution 
lines are typically found in neighborhoods and along highways on much smaller 
wooden poles.   


• NorthWestern Energy runs the largest transmission balancing area in Montana. The 
Bonneville Power Administration operates a large system in the northwest part of the 
state.  The Western Area Power Administration runs part of that system in the northeast 
and eastern region of the state. Most distribution in Montana is ran by NorthWestern 
Energy, one of 25 coops, or Montana Dakota Utilities. Montana spans parts of both the 
Eastern Grid and Western Grid. 


Transmission in Montana 
The transmission network in Montana, as in most places, initially developed because of local 
decisions in response to a growing demand for power. The earliest power plants in Montana 
were small hydroelectric generators 


                                                           
48 Electric loads are referred to as electricity demand. 
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and coal-fired steam plants built at the end of the nineteenth century to serve local needs for 
lighting, power, and streetcars. The earliest long-distance transmission lines were built from the 
Madison hydroelectric plant, near Ennis, to Butte and from Great Falls to Anaconda. The latter 
was, at the time of construction, the longest high-voltage (100 kilovolt or kV) transmission line 
in the country, and is still operational today. These first lines were built to service the mining 
and smelting operations in the Butte-Anaconda area. 


The Montana Power Company (MPC) presided over Montana’s first integrated transmission 
system. As the transmission system grew, the MPC expanded its network to include 161 kV 
lines and ultimately a 230 kV backbone of lines. The federally owned Western Area Power 
Administration (WAPA) electric transmission system in Montana began to transport electricity 
to Fort Peck in the 1930s during construction of the dam there and then to move power to 
markets following construction of the generators at the dam. WAPA’s system continued to 
grow in northern and eastern Montana as its needs to serve rural electric cooperatives 
expanded.  


Long-distance interconnections between Montana and other states did not develop until World 
War II. During the war, the 161 kV Grace Line was built from Anaconda south to Idaho. Later, 
BPA extended its high-voltage system into the Flathead Valley to interconnect with Hungry 
Horse Dam and to serve the now-defunct aluminum plant at Columbia Falls. In the mid-1980s, 
a double-circuit 500 kV line was built from the Colstrip generating plant in eastern Montana to 
the Idaho state line near Thompson Falls where it connects into two separate 500 kVs lines that 
head into Washington State. The double circuit 500 kV lines are Montana’s largest. By 2002, the 
MPC sold its generation, transmission, and energy holdings, becoming Touch America.  Its 
transmission assets were purchased by NorthWestern Energy (NWE) and most of its generation 
was sold to PPL Montana.49 


Most intrastate electric transmission in Montana is currently owned by NWE and WAPA.  BPA 
has major interstate lines in northwest Montana and PacifiCorp owns a few smaller interstate 
lines as does Avista. WAPA lines in eastern Montana cross into North Dakota and serve local 
Montana loads in the eastern portion of the state.  In most cases, MDU’s distribution service 
uses WAPA transmission lines and in a few cases co-owns the line.  The electric distribution 
cooperatives in Montana not served by a major utility use the NWE, MDU, BPA, and WAPA 
lines for transmission. 


 


 


 


                                                           
49 In 2015, PPL Montana sold its hydroelectric generation assets to NorthWestern Energy. 
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Montana is an electricity export state. Currently, the state’s net electricity exports are almost 
equal to the amount of electricity consumed in the state each year. For example, in 2015, 
Montana generated 29,104 GWh and consumed just 14,207 GWh.50 There are four primary 
electric transmission paths that connect Montana to the rest of the Western Interconnect and 
larger markets in the West.51  These paths are: 


• Montana to the Northwest – Path 8 
• Montana to Idaho – Path 18 
• Montana Southeast – Path 8052 
• Montana to Alberta—Path 83 


 
Typically, power flows from east to west over Path 8, north to south over Paths 18 and 80, and 
varies on Path 83. Directionally, energy on these transmission lines typically flows from 
Montana to out-of-state loads, although on occasion electricity flows into Montana on these 
same lines. There is no official “path” leaving the most eastern portion of the state.  It is 
important to note that Path 8 is very large, rated at 2200 MW east-to-west, whereas Path 18 is 
rated at 383 MW north-to-south.  The Montana Alberta Tie Line path is rated at approximately 
300 MW in both directions at this time and the transfer between Western and Eastern grids at 
Miles City are rated at 200 MW.  It is also important to note that these path rating change over 
time. 


As U.S. and Canadian utilities grow increasingly dependent on each other for support and 
reliability, the North American transmission network has developed into two major 
interconnected grids, divided roughly along a line that runs through eastern Montana south to 
Texas. The western United States is a single, interconnected, and synchronous electric system 
that will be referred to in this chapter as the U.S. Western Grid (Figure 5). Most of the eastern 
United States is a single, interconnected, and synchronous electric system as well (U.S. Eastern 
Grid). Texas and parts of Quebec are exceptions. Texas is considered a separate interconnection 
with its own reliability council and is referred to as ERCOT.  


 


 


 


                                                           
50 U.S. EIA; “consumed” referred to electricity sales.  It is possible that slightly more was actually 
consumed in-state 
51 Transmission “paths” are groups of parallel transmission lines that carry power within the same 
general areas. 


52 WECC 2013 Path Rating Catalog, 
http://www.wecc.biz/library/Pages/Path%20Rating%20Catalog%202013.pdf. 
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Figure 7. WECC-Rated Paths 


 


Source: NorthWestern Energy.  Note the MW capacity numbers could change over time 


The Eastern and Western grids are not synchronous with each other. The two grids are only 
weakly tied to each other with converter stations. One of these stations is located at Miles City. 
The station is capable of transferring up to 200 MW of electricity in either direction from one 
grid to another.53 Depending on transmission constraints, a limited amount of additional power 
can be moved from one grid to the other by shifting hydroelectric generation units at Fort Peck 
Dam.  


Most of Montana is integrally tied into 
the U.S. Western Grid. The easternmost 
part of the state, with less than 10 percent 
of total Montana load, is part of the U.S. 
Eastern Gird and receives its power from 
generators located in that grid, including 
generators as far away as the east coast.  


Certain transmission lines in Montana are 
regulated under the Montana Major 
Facility Siting Act (MFSA) administered by 
the Montana Department of 
Environmental Quality (DEQ). MFSA 
works to ensure the protection of the 
state's environmental resources, ensure the 


                                                           
53 Donald G. Davies, Chief Senior Engineer, Western Electricity Coordinating Council. 


Figure 8. U.S. Western Interconnection-Major Lines 
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consideration of socioeconomic impacts from regulated facilities, provide citizens with an 
opportunity to participate in facility siting decisions, and establish a coordinated and efficient 
method for the processing of all authorizations required for regulated facilities. In general, 
electrical transmission lines greater than 69 kV and longer than ten miles in length are covered 
under MFSA if they meet certain criteria. Historically, the Montana PSC has jurisdiction over 
cost recovery for new transmission projects that serve Montana retail customers, but not over 
siting decisions. 


How the Transmission System Works 
There are big differences between the physical properties and economics of a typical alternating 
current (AC) electrical transmission system, as well as between its commercial operation and 
management. The flow of power on a transmission network (the charge of electrons) obeys the 
laws of physics. The commercial transactions that ship power across the grid follow a different, 
and not fully compatible, set of rules from the actual flow of power. 


Transmission “paths” are generally groups of more or less parallel transmission lines that carry 
power within the same general areas. A given transmission path can consist of one or more 
transmission lines that transport electricity from one major electricity “node” to another. Nodes 
may consist of large generators, large loads, or a major substation. For example, the two 
transmission lines that run from the Dillon, MT area into Idaho, the Grace line and the AMPS 
line, form what is called “Path 18”. 


The transmission grid is sometimes described as an interstate highway system for electricity, 
but the flow of power on an AC grid differs in very significant ways from the flow of most 
physical commodities. When power is sent from one point to another on the transmission grid, 
the power will flow over all connected paths on the entire network (e.g. The Western Grid), 
rather than a single path (the scheduled path) or even the shortest distance path. A power 
transmission from one point to another will distribute itself so that the greatest portions of that 
power flow over the paths (transmission lines) of lowest resistance.  The resistance or 
impedance of a given transmission line depends on its voltage and current. Power flows 
generally cannot be constrained to any particular physical or contract path, but instead follow 
the laws of physics.  It should be noted, however, that there are tools available to redirect some 
flows of power under certain economic or extreme circumstances.  


Electric power flows in opposite directions also net against each other. If traffic is congested in 
both directions on an interstate highway, it will come to a halt in all lanes and not a single 
additional vehicle will be able to enter the flow. By contrast, if 100 MW is shipped westbound 
on a given transmission line from point A to point B and 25 MW is sent simultaneously 
eastbound on that same line from point B to point A, the actual measured flow on the line is 75 
MW in a westbound direction. If 100 MW is sent in each direction on the same line at the same 



http://www.deq.mt.gov/MFS/mca/MCA75-20-104SubPart8.pdf
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time, the net measured flow is zero. In this situation, additional power could still physically 
flow in either direction up to the full capacity of the line in that particular direction.  


Electric power also travels near the speed of light and is generally consumed at the same 
moment it is generated. Almost all generated power distributed over the grid must be 
consumed instantaneously off of the grid.54  Unlike gas, oil, coal, and other energy sources, 
electricity currently cannot yet be stored economically as inventory in large quantities.  As a 
result, transmission operators constantly balance electricity supply (generation) and demand 
(consumption) in every moment.  This is a complicated process that involves significant labor 
and technology, complicated balancing routines, numerous transmission jurisdictions, and 
federal and state oversight.55  The fact that almost all power generated on the grid must be 
consumed instantaneously is the reason why steady generation sources fueled by coal or 
flexible resources such as natural gas (that can ramp up and down) are often easier to manage 
than some renewable sources such as wind and solar, whose generation levels vary with the 
weather and are not under the control of grid operators.  It is, in part, because of the constant 
need to balance supply and demand that the electric transmission system has been called the 
most complicated machine on the planet.  As battery technology quickly progress, higher levels 
of electricity storage are becoming a reality, but still remain a small fraction of total power being 
delivered. 


The actual physical flows on a grid are the net result of all generators and all loads (electricity 
demands) on the network at a given instant in time. In any real transmission network, there are 
many generators located at hundreds of different points on the network and many loads of 
varying sizes located at thousands of different locations. Because of netting flows, actual path 
loadings at any given moment depend on the amounts and locations of electric generation and 
load as opposed to the contracted schedules in place at a given time.  Actual path capacity loads 
are also impacted by congestion of certain lines or paths on the grid and outages on the grid.  
For example, Path 8 has a 2,220 MW path rating east to west under ideal conditions, but often 
has a lower rating under various grid and weather conditions. 


In contrast with the physical reality of the transmission network, management of transmission 
flows has historically been by “contract path”.  A transaction involving the shipment of power 
between two points, referred to as the contract path, is allowed to occur if space has been 
purchased on any path connecting the two points. Purchasers include the utilities or companies 


                                                           
54 With current technology, a small fraction of generated power can be stored in flywheels, in salt caverns 
(usually associated with wind power), in melted salts (solar farms), in large batteries, and in pumped 
storage. 


55There are several high-tech and human mechanisms for balancing supplies and demand on the entire 
Western Grid and within individual operating areas, like NWE’s balancing authority in Montana. There 
are also new technologies being developed to economically allow the storage of large quantities of 
electricity on the grid, but they are not available yet. 
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owning the lines or the entities holding rights to use those wires along that path at any given 
hour of the year (firm rights).  Purchasers may also include entities that do not own firm rights, 
but want to use the grid on a short-term basis when available.    


In a perfect world, such transactions flow on the contract path agreed to by the interested 
parties.  Due to the laws of physics that ultimately govern the grid and grid conditions at any 
given time, however, portions of any contracted transaction flow along other paths aside from 
the contracted path.  These are “unscheduled flows”.  An unscheduled flow is the result of the 
difference between the physics of the transmission system and the scheduling paradigm 
(contract rights). Inadvertent flows are also flows that are not scheduled but can be caused by a 
variety of events, including but not limited to unplanned loss of generators or load, data errors, 
and scheduling errors.56  


On the Western Grid, major unscheduled flows occur around the entire interconnection at any 
given moment. For example, power sent from hydroelectric dams in Washington to California 
loads flows directly south over the contracted pathways, but also flows clockwise through 
Idaho, Utah and Colorado into New Mexico and Arizona and then west to California. Power 
sent from Colstrip in eastern Montana to Los Angeles flows mostly west on Path 8 to Oregon 
and Washington, via the double-circuit 500 kV line that runs through Garrison and Taft, and 
then south to California. This westerly path is its contracted path. However, a small amount of 
Colstrip power also flows over other paths on its way to California including south through 
Wyoming on Path 80. 


Unscheduled flows may interfere with the ability of transmission path owners to make full use 
of their contractual rights. The Western Electricity Coordinating Council (WECC) addresses 
unscheduled flows with an unscheduled flow mitigation plan. Utilities (or other transmission 
owners) whose wires are affected accommodate a certain amount of this unscheduled flow by 
reducing their available transmission capacity. If further reductions are necessary, the path 
owners can request an adjustment of flows throughout the interconnection. Path owners can 
also call for curtailment of schedules across other paths that affect their ability to use their own 
path.57 


If scheduled flows do not exhaust a path rating (fill up the line), the unused capacity may be 
released as “non-firm” transmission capacity.  Non-firm capacity is available during only some 
hours of the year, not during all hours as with firm capacity.  Non-firm capacity is generally not 
purchased far in advance. Owners of transmission capacity who do not plan to use extra room 
on their lines can in some instances release it early. Owners, however, are often reluctant to do 
so because of needs for flexibility or a desire to withhold access to markets from competitors.  


                                                           
56 Byron Woertz, WECC, Manager, System Adequacy Planning 


57 Ibid. 
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At least some of Naturener’s wind farm power in north-central Montana has used non-firm 
transmission line room in the past to move power to the coast. 


Transmission adds monthly charges to electricity bills and can result in different electricity costs 
across regions. Electricity prices are impacted by the cost of transmission service to move power 
from one area to another.  For example, a generator in Montana who wishes to sell to the Mid-
Columbia (Mid-C) market, the major electricity trading hub closest to Montana and located in 
Washington, pays transmission charges on the NWE system and then on either the BPA or 
Avista system. These charges are necessary to transmit, or “wheel”, the power from the NWE 
system area to Mid-C. 58 These additional costs mean that the wholesale-priced power from 
generation in NWE’s territory for local Montana consumption is generally sold in Montana at a 
discount relative to the Mid-C market price for electricity because of the avoided transmission 
charges of sending that power into the Mid-C hub. In this manner, transmission pricing is 
integrally linked to electricity pricing throughout the region and the country.  If transmission in 
a certain area tends to be congested, this can lead to higher electricity prices in areas that import 
that electricity (such as Southern California). 


Jurisdiction over transmission rates resides both with state utility regulators and with the 
Federal Energy Regulatory Commission (FERC), depending on circumstances. In the case of 
NWE, transmission rates for bundled retail customers are determined by the Montana PSC. 
Wholesale transactions that use NWE’s transmission facilities pay the FERC-regulated 
transmission price.  A standard feature of FERC-regulated transmission service is the Open 
Access Transmission Tariff (OATT).  Each FERC-regulated transmission provider, including 
NWE and BPA, posts the terms and conditions of its transmission service in its FERC-approved 
OATT. The OATT identifies various transmission product offerings, including network 
integration service, point to point (PTP) transmission service, and ancillary services.   


PTP transmission service allows a transmission customer to wheel power to and from distinct 
locations. Ancillary services are services needed to support transmission service and maintain 
reliable operation of the transmission system. Each transmission provider’s OATT includes 
terms and pricing for ancillary services that are required to support transmission service and 
maintain system balance. In general, FERC’s treatment of these services is standardized across 
the country. 


                                                           
58 In electric power transmission, wheeling is the transportation of electric energy (megawatt-hours) from 
within an electrical grid to an electrical load outside the grid boundaries. The two types of wheeling are a 
wheel-through, where the electrical power generation and the load are both outside the boundaries of the 
transmission system and a wheel-out, where the generation resource is inside the boundaries of the 
transmission system but the load is outside. Wheeling often refers to the scheduling of the energy transfer 
from one Balancing Authority to 
another. https://en.wikipedia.org/wiki/Wheeling_(electric_power_transmission)  



https://en.wikipedia.org/wiki/Wheeling_(electric_power_transmission)
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Grid Capacity and Reliability 
The amount of power that a transmission line can carry is limited by several factors, including 
its thermal limit. When electricity flows get high enough on a particular line, the wire heats up 
and stretches, eventually sagging too close to the ground or to other objects.  Arcing -- electricity 
traveling to the ground -- may result.  When that happens, the transmission line can fail, 
instantly stopping electricity flow and affecting the rest of the grid. Inductive characteristics on 
a line are associated with magnetic fields that constantly expand and contract in AC circuits 
wherever there are coils of wire, including transformers. This is not an issue for DC 
transmission lines.  


The most important reason for determining the total amount of power that a line can carry is 
reliability. Reliability is the ability of the transmission system to provide full, uninterrupted 
service to its customers despite the failure of one or more component parts of that system. The 
transmission network is composed of thousands of elements that are subject to failure. Causes 
include lightning, ice, pole collapse, animals shorting out transmission lines, falling trees, 
vandalism, and increasingly terrorism (including cyber-attacks). Reliability of the grid is 
ensured by building redundancy into it. The grid is designed to withstand the loss of key 
elements and still provide uninterrupted service to customers. 


Reliability concerns limit the amount of power that can be carried over a line or path to the 
amount of load that can be served with key elements out of service on the grid.  Within NWE’s 
service area in Montana the reliability of the transmission system is evaluated by computer 
simulation through long-term transmission planning. The network is simulated at future load 
and generation levels while taking key individual elements out of service. The simulation 
determines whether all loads can be served with voltage levels and frequencies within 
acceptable ranges. If acceptable limits are violated, the network must be expanded and 
strengthened. Typically, this entails adding transmission lines to the system, replacing 
components of the system, or rebuilding existing lines to higher capacities. 


Most major paths are rated in terms of the amount of power they can carry based on their 
strongest element being unavailable. In some cases, the reliability criteria require the ability to 
withstand having two or more elements out of service.  The Colstrip 500 kV lines west of 
Townsend are a double-circuit line, but they cannot reliably carry power up to their thermal 
limit because one circuit may be out of service and because both circuits are on the same towers 
(increasing the chance of a wildfire or other catastrophic event taking out both paths).  As a 
result, they carry significantly less power than their thermal limit in either direction.   


The actual rating on a path can change hourly and depends on several factors, including 
ambient air temperature, other lines service status, and various load and supply conditions on 
the larger grid. The Montana transmission lines heading west toward the Idaho panhandle and 
Washington are called the Montana-Northwest path (Path 8). The Montana-Northwest path is 
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generally limited to 2,200 MW east to west and 1,350 MW west to east. These are the maximum 
ratings under ideal conditions, and the ratings on these paths are often lower. The Montana-
Northwest path leads to the West of Hatwai path, which is larger and is composed of a number 
of related lines west of the Spokane area.  


Ownership and Rights to Use the Transmission System 
Rights to use the transmission system are held by the transmission line owners or by holders of 
long-term contract rights. Rights to use rated paths have been allocated among the owners of 
the transmission lines that compose the paths. In addition, the line owners have committed to a 
variety of contractual arrangements to ship power for other parties. Scheduled power flows by 
rights holders are not allowed to exceed the path ratings. 


The FERC issued Order 888 in April 1996, which requires that transmission owners functionally 
separate their transmission operations and their power marketing operations. This means that 
all generators have the right to access utilities’ transmission systems. If the transmission system 
in place does not have sufficient capacity to accommodate a bona fide request for transmission 
service, the utility must begin the process to build the needed upgrades, if the transmission 
customer pays for the incremental cost of the upgrades. 


Power marketing occurs when transmission owners that own generation market it off-system to 
make money or to reduce costs for their native loads. These transmission line owners must 
allow other parties to use their systems under the same terms and conditions as their own 
marketing arms. Each transmission owner must maintain a public website called the Open 
Access Same-Time Information System (OASIS) on which available capacity is posted.   


Available transmission capacity (ATC) is the available room on existing transmission lines to 
move power during every hour of the year. ATC is calculated by subtracting committed uses 
and existing contracts from total rated transfer capacity on existing transmission lines.  ATC 
may change on an hourly basis depending on grid conditions.  These existing rights and ATC 
are rights to transfer power on a firm basis every hour of the year. The owners of transmission 
rights on rated paths may or may not actually schedule power during every hour. When they 
don’t, the unused space may be available on a non-firm basis.  As of 2018, a small amount of 
ATC is available on most major rated paths on the U.S. Western Grid, including those paths 
leading west from Montana to the West Coast. The rights to use the existing capacity on these 
lines are for the most part fully allocated and tightly held. 


In terms of ATC, incremental export capacity out of Montana is extremely limited. There is no 
incremental firm export capacity out of Montana to the Southwest (Path 18) and limited 
incremental export capacity out of Montana to the Northwest (Path 8).  The retirement of 
Colstrip units 1 and 2 could change this situation and open up room on the Colstrip 
transmission lines and beyond.  The retirement of Montana coal-fired power plants, particularly 
Colstrip units 1 and 2, would potentially allow new generation to use transmission capacity 
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previously used for the state’s coal generation.  High level studies by the Northern Tier 
Transmission Group have suggested that wind power using the 600 MW of freed up 
transmission capacity from Colstrip to the west would not cause major problems on the grid.  
However, more rigorous studies would need to be conducted to make definitive statements. 


ATC is also constrained in state on NWE's system--especially in the area south of Great Falls.  
Where ATC is available in-state, it is typically to move power within Montana or wheel power 
through Montana to interstate lines.   


Despite little ATC availability, most transmission paths on the Western Grid are fully scheduled 
for only a small portion of the year, and non-firm space is often available.  However, non-firm 
access cannot be scheduled far in advance, and its access cannot be guaranteed.  Non-firm 
access is a workable way to market excess power for existing generators. Non-firm availability 
may be a reasonable way to develop new firm power transactions if backup arrangements can 
be made to cover the contracts in the event that the non-firm space becomes unavailable. 
Financing new generation may be difficult, however, unless the power can be shown to move to 
market via firm transmission space. 


Congestion 
Transmission constraints are often referred to as transmission 'congestion'.  Transmission 
congestion raises the price of delivered power. It often prevents low-cost power from reaching 
the areas where it is needed. Low-cost power has little value if it cannot be transmitted to a 
location where energy is needed. For example, because most existing Montana transmission is 
fully contracted, future generators in Montana may be prevented from selling their power into a 
number of wholesale markets except by using non-firm rights or paying for new lines to be 
built. When transmission congestion exists, generators may be forced to sell into other locations 
where buyers pay less for power.   


In general terms, additional transmission capacity allows more generators to access the grid, 
promoting competition and lowering prices. Conversely, limited capacity necessitates either 
transaction curtailment or re-dispatch from a generator that bypasses the bottleneck in the 
system. Areas with consistently the highest electricity prices, like southern California, 
experience the greatest degrees of transmission congestion year round due to a variety of 
factors including huge demands, huge peaking demands during hot weather, and the necessity 
of large imports from other states.  


Transmission congestion can be defined in several ways.  A transmission path may be described 
as congested if no rights to use it are for sale.  Congestion may mean that a path is fully 
scheduled and no firm space is available, or it could mean that the path is fully loaded in the 
physical sense. 
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By the first definition, the paths through which generators in Montana send their power west 
are mostly congested and few firm rights are currently available for those paths.  By the second 
definition, the paths west of Montana are congested during a few hours of the year Contract 
holders fully use their scheduling rights only a small fraction of the time; the rest of the time 
they use only portions of their rights.   


By the third definition, the lines are almost never physically congested. Even when the lines are 
fully scheduled, the net flows are almost always below path ratings. The third definition is 
based on actual loadings.  Actual loadings are different from scheduled flows because of the 
difference between the physics and the management of the grid.   


As mentioned above, schedules are contract-path-based.  In contrast, actual loadings follow the 
laws of physics, are net-flow-based and include inadvertent flows. Actual flows on the paths 
west of Montana are almost always below scheduled flows because of the inadvertent flows and 
loop flows in that part of the grid.  Figure 6 shows that from September 2012 to August 2013 the 
highest actual physical loadings on the Montana-Northwest path (Path 8) were loaded at or 
above 90 percent of the path capacity for only a few hours. For most hours, the path was not 
heavily loaded.59  On the other hand, the path was 60 percent loaded or more about 50 percent 
of all hours in that time period, indicating that Path 8 is actually one of the most heavily used in 
the Western Interconnect.  Even a well-used line, however, usually has physical space available 
for more electrons.  


                                                           
59 https://transmission.bpa.gov/Business/Operations/Paths/ . 



https://transmission.bpa.gov/Business/Operations/Paths/





 


 56 


 


 


The most recent month of data from the NorthWest-Montana  cutplane also shows actual flows 
(in blue) well below Total Transmission Capacity (Path 8).  This figure should be read upside-
down in the sense that the red line is the capacity level and anything above it is electricity 
loading below capacity.  
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Figure 10. Montana-Pacific Northwest 15-minute averages 


 


Source: BPA, https://transmission.bpa.gov/Business/Operations/Paths/ 


 


Path 18 from Montana to Idaho consists of two transmission lines. According to WECC, Path 18 
is not historically congested based on actual electricity flows over the line.60 Although Path 18 is 
not congested based on actual flows on the lines, it is heavily utilized from a scheduling 
standpoint. Actual flows are not high relative to the path rating due to the path being scheduled 
in both directions. 


A considerable amount of existing capacity on transmission lines is not available for use 
because it is held off the table for reliability reasons when paths are rated. Uncertainty affects 
the transmission needs of utilities because they don’t know in advance what hourly loads will 
be or which generating units may be unavailable. The need for flexibility affects transmission 
needs because utilities want the right to purchase power to serve their loads from the cheapest 
source at any given time. 


 


 


                                                           
60 10-Year Regional Transmission Plan: WECC Path Reports, WECC, approved by the Board of Directors 
September 22, 2011. 
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Grid Management by a Regional Transmission Organization  
A large portion of the electric load in the U.S. is procured through market transactions overseen 
by various Regional Transmission Organizations (RTO) and Independent System Operators 
(ISO). These organizations are independent entities that emerged as a result of guidelines 
prescribed in FERC Orders 888 and 889 with which FERC sought to introduce competition and 
efficiency into electricity markets. RTOs and ISOs are charged under these orders with 
promoting nondiscriminatory access to transmission lines and fostering a competitive 
environment in restructured electricity markets. These organizations are responsible for 
developing a platform for the oversight of transmission capacity, transmission access 
scheduling, and congestion management.61  


While most of Montana’s service area is not part of an RTO, the Midwest Independent 
Transmission System Operator (MISO), which covers much of the Midwest, controls the region 
of  eastern Montana that lies in the U.S. Eastern Grid.  In the U.S. Western Grid, the Alberta 
Electric System Operator (AESO) operates in Alberta and CAISO operates in California. 


In Montana, discussions surrounding an independent body operating and controlling access to 
the transmission system have been underway since the mid-1990s among transmission owners 
and other stakeholders in the Pacific Northwest.  The stakeholders include NWE and the BPA, 
among others. An RTO would allow all parties to signal their willingness to pay for 
transmission access and theoretically make efficient use of the grid. In addition, RTO 
management would result in congestion price signals that would encourage economy-based 
decisions on the location of new generation and on the expansion of capacity on congested 
transmission paths.  


Several western stakeholders are involved in ongoing discussions of expanding CAISO, and 
developing aspects of ISOs such as Energy Imbalance Markets.  PacifiCorp, which operates as a 
retail electric utility in pockets across the Western Interconnect, including parts of Wyoming 
that neighbor Montana, has been working with CAISO to evaluate the steps needed to integrate 
CAISO and the balancing authorities operated by PacifiCorp. The Mountain West Transmission 
Group, a group of electricity service providers, covers Colorado and parts of four other western 
states, is exploring joining the Southwest Power Pool’s regional transmission organization.  


Recent History of Transmission Lines in Montana 
In the past decade, several stakeholders have voiced interest in developing additional 
transmission capacity to export Montana’s generation potential to other markets. Montana’s 
large energy resources and small in-state electricity demand make it a hot spot for proposed 
transmission projects to export power out of state. The largest electricity market in the Western 
Interconnect is California. In addition, substantial electricity load exists in Arizona, Colorado, 
                                                           
61 Markets for Power in the United States, Paul L. Joskow, The Energy Journal, Vol. 27, No. 1, 2006, page 17. 
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Oregon, Utah, and Washington. Although electricity growth in most areas is flat, these markets 
will need substantial new resources in order to replace retiring generation and meet 
environmental goals. Renewable resource mandates also suggest that a significant portion of 
newly built resources will be renewable. 


The Montana Alberta Tie Ltd (MATL) came online in September 2013. It is the first direct 
interconnection between the Alberta and Montana balancing areas and is capable of carrying 
300 MW in either direction.    


In the last decade, few rebuilds of existing lines have taken place in Montana, including a 
WAPA 115 kV line between Great Falls and Havre built to 230 kV specifications and a rebuild of 
BPA’s 115 kV line from Libby to Troy. NWE replaced a 50 kV line between Three Forks and the 
Four Corners area with a new 161 kV line. NWE also upgraded to a 161 kV line between Four 
Corners and Big Sky. At this time, MDU has indicated it has no major plans for electric 
transmission upgrades in Montana. 


The BPA has prepared preliminary engineering and partially completed an Environmental 
Impact Statement on relatively low-cost improvements that would expand capacity on the 
Montana-Northwest path (Path 8) by 500-700 MW, specifically the double circuit 500 kV line. 
This upgrade is called the Montana to Washington project (M2W) and could be used by new 
generators to access West Coast markets.  Similar upgrades on the Colstrip lines have been 
discussed for central Montana. The project would not require a new right of way, and would 
utilize existing poles. Additional developers looking at projects in Montana have expressed 
interest in utilizing the potential upgraded BPA capacity that would be created by the project 
but the project only removes one transmission bottleneck in the region. Additional transmission 
constraints exist to the west of this segment in Washington state. These bottlenecks would need 
to be dealt with separately to move power to the specific load centers that Montana developers 
are interested in reaching.62 


New lines connecting Montana to the rest of the Western Grid could increase competition 
among Montana energy suppliers. Increasing supplier competition in Montana’s market could 
lower or stabilize electricity prices to Montana ratepayers in the near and distant future, 
although the extent and significance of such savings are unknown.  


New high-voltage transmission lines can be difficult and contentious to site. Siting the Colstrip 
double-circuit 500 kV lines in western Montana, particularly in the areas of Boulder, Rock 
Creek, and Missoula, required much work with a variety of entities.63 As a result, the route was 
sited away from the interstate highway corridor, opening new corridors through forested areas. 


                                                           
62 Mark Reller, BPA 
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Recent experience with the MATL and proposed MSTI lines show Montana citizens and 
landowners are concerned about interference with farming practices, visual impacts, reductions 
in property values, potential human health effects, and the use of private land rather than 
public land for electric transmission purposes.   


Rural growth and residential construction in western Montana since the Colstrip lines were 
sited in the early 1980s may compound siting challenges for additional new lines sited through 
the western portion of the state. Siting opportunities are limited by actual and contemplated 
wilderness areas and Glacier National Park in the western region. Siting and routing a new line 
out of the state in a westerly direction would likely prove extremely challenging due to 
geographical, wilderness, and political issues. Due to these difficulties, the most likely routes for 
new transmission in and out of Montana are north toward Canada, south toward Wyoming and 
Idaho, and possibly alongside existing transmission lines to the west.  


 


Regional Transmission Planning in the Western 
Interconnection 
NTTG 
The Northern Tier Transmission Group (NTTG) is a group of transmission providers and 
customers formed under FERC Order 890.  They are involved in the sale and purchase of 
transmission capacity on the power grid that delivers electricity to customers in the Northwest 
and Mountain states. The NTTG coordinates individual transmission systems operations, 
products, business practices, and planning of their high-voltage transmission network to meet 
and improve transmission services that deliver power to customers. Their work establishes a 
plan for general transmission improvements needed for feasible system operation at times of 
transmission stress years in the future.  


FERC Order 1000 
In July 2011, FERC issued Order 1000, titled Transmission Planning and Cost Allocation by 
Transmission Owning and Operating Public Utilities. The order reforms the current 
transmission planning processes for new transmission lines and outlines new cost allocation 
principles for transmission lines approved for purposes of cost allocation.  Order 1000 requires 
regional planning groups to consider transmission that is necessary for reliability, economics, 
and achievement of federal or state laws and regulations when developing regional plans.  
Order 1000 also requires interregional coordination on transmission planning.  It requires that 
each region have coordinated procedures for the evaluation of transmission projects that span 
multiple regions. Order 1000 addresses cost allocation for new transmission facilities.  
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Committee on Regional Electric Power Cooperation (CREPC) 
CREPC is a joint committee of the Western Interstate Energy Board and the Western Conference 
of Public Service Commissioners. CREPC is composed of the public utility commissions, energy 
agencies, and facility siting agencies in the western states and Canadian provinces in the 
western electricity grid. It works to improve the efficiency of the western electric power 
system.64 CREPC’s main issues are integrating more renewable energy into the system, the 
energy imbalance market, future transmission plans, and current changes in the structure of 
WECC. 


Current Transmission Issues  
There are a number of issues affecting the changing uses of the transmission system and the 
need for and ability to complete new transmission projects. These include the way reliability 
criteria are set, the limited number of hours the system is congested, the increasing costs of 
building new lines, ways to meet growing power needs without building new lines, problems 
involved in siting high-voltage transmission lines, the energy imbalance market, increasing 
renewable penetration, and cyber security.   


Western Electricity Coordinating Council Bifurcation 
Reliability criteria for the Western Interconnection are set by the WECC. In the wake of large 
power outages on Sept. 8, 2011, many industry stakeholders voiced concerns with what they 
saw as lax criteria at WECC. The Arizona and Southern California system disturbance left 2.7 
million customers without power and the NERC and the FERC issued a joint report identifying 
deficiencies in WECC’s management of its reliability responsibilities and concluded that those 
deficiencies contributed to the blackout. WECC’s current responsibilities include serving as the 
regional entity for Western Interconnection development and enforcing reliability standards for 
the bulk electric system in the Western Interconnection. Concern arose that housing both the 
regional entity and reliability coordinator roles within WECC affects the group’s  ability to 
fulfill both responsibilities. In 2013, the WECC approved a resolution to bifurcate WECC. Under 
this new structure the reliability coordinator and interchange authority functions in the Western 
Interconnection became a separate entity from WECC.65 WECC is now the Regional Entity 
responsible for compliance monitoring and enforcement. 


Peak Reliability (Peak) was formed in 2014 as a result of the bifurcation of the Western 
Electricity Coordinating Council (WECC) into a Regional Entity (WECC) and a Reliability 
Coordinator (Peak). The bifurcation of WECC received final approval from the Federal Energy 
Regulatory Commission (FERC) on February 12, 2014. Peak, a company wholly independent of 


                                                           
64 http://www.westgov.org/wieb/site/crepcpage/. 


65 Northwest Power and Conservation Council, July 2, 2013, 
http://www.nwcouncil.org/media/6868113/p2.pdf. 







 


 62 


WECC performs the Reliability Coordinator function in the Western Interconnection.66   Peak, as 
the reliability coordinator, works closely with each of the balancing authorities in the western 
grid to maintain real-time, situational awareness of the operation of the Western Grid.   


Merchant lines 
Efforts by FERC to open electricity markets through approval of merchant transmission projects 
are meant to stimulate independent investment in transmission facilities, allowing for greater 
competition among power producers. Starting in 2000, FERC began approving applications by 
parties proposing market-based transmission rates known as merchant transmission projects.   
Merchant transmission is a model under which transmission costs are recovered through 
market-based or negotiated rates as opposed to traditional cost-based rates. Merchant 
transmission projects are a means to bring forward new capital investment to reduce 
transmission congestion and to link regional markets in situations in which the prospect of cost-
based rate recovery proves to be insufficient to spur transmission development.  


As a matter of basic economics, transmission congestion leads to disparate power prices. While 
these disparities may produce an incentive to construct new generation, it is plausible that new 
transmission priced at market rates would be a less expensive solution. Such projects may not 
necessarily be proposed under the traditional model of cost-based ratemaking. The issues 
confronting proposed merchant generation plants are different from those faced by traditional 
utilities. Utilities plan, finance, and build transmission and generation together and recover 
costs from ratepayers. Private generation developers, under the merchant model, must absorb 
the risk or convince another party to absorb that risk. The development of state renewable 
energy standards has given added impetus to merchant transmission, as parties seek to bring 
remote renewable energy to populated load centers.  


Transmission Construction Cost   
High-voltage transmission lines are expensive to build.  A typical single-circuit 500 kV line may 
cost $2 million per mile or more. A double-circuit 500 kV line may cost $3.1 million or more per 
mile.  A 500 kV substation costs $50 million to $75 million, depending on its location on the 
network. If series compensation is required, 500 kV substations may cost up to $100 million. 
However, 230 kV lines are somewhat cheaper, about half the cost per mile of 500 kV lines, and 
substation costs run nearly $25 to $30 million each.67 


DC lines are cheaper still, but the equipment required to convert AC to DC is extremely 
expensive. Consequently, DC technology is generally used only for very long-distance 
transmission with no intermediate interconnections. At present there are only two major DC 


                                                           
66 Text taken from https://www.peakrc.com/aboutus/Pages/History.aspx 


67 Craig Williams, WECC, Market Interface Manager. 







  


 63 


lines in the Western Interconnection – the Pacific DC Intertie from Celilo in northern Oregon to 
Sylmar near Los Angeles and the IPP line from the Intermountain Power Project generating 
station in Utah to the Adelanto substation near Los Angeles. Neither line has any intermediate 
connections.   


Alternatives for Meeting Increasing Electricity Demand   
Increasing costs and siting difficulties for new transmission lines, are leading to the 
development of alternative methods to strengthen the grid. Some existing lines can be upgraded 
with new equipment to increase capacity without building a new corridor through a new right 
of way such as the M2W project. Lines can be rebuilt on existing rights-of-way and one new line 
built on the grid could allow higher ratings on other lines in the grid. Energy conservation at 
the consumer level can also forestall the need for new lines. Many utilities implement demand-
side management programs, energy efficiency programs, and interruptible rates to lower peak 
demands on the system. Generation plants can be located near their loads, eliminating some 
need for long-distance transmissions of electricity. 


Storage projects utilizing pumped hydro technology also assist in balancing the system. 


Montana based, Absaroka Energy, LLC, is developing the Gordon Butte Pumped Storage 
Hydro Project located on private land in Meagher County. The 400 megawatt, 3,400 megawatt-
hour plant is designed to take advantage of the unique geological features of Gordon Butte to 
create a new closed-loop pumped storage hydro facility. This facility would provide ancillary 
and balancing capabilities to utilities and generation owners, as well as, provide multiple 
services to facilitate stability, reliability, growth and longevity to existing energy infrastructure 
and resources in the state and region. 68 


Transmission Capacity to Accommodate New Generation in 
Montana  
There is a “chicken and egg” problem in developing new transmission projects. If no 
transmission capacity is available to reach markets, generation developers may have a difficult 
time financing projects. Yet without financing, potential generators probably can’t make firm 
commitments to encourage utilities to invest on their own in new transmission capacity 
projects.  


New generation plants need firm power purchase agreements (PPA) to build in order to obtain 
financing. Occasionally, generation plants are built to market their energy into wholesale 
markets, but such facilities more common in deregulated electricity markets. With low spot 
prices across the West and tightened lending requirements, the majority of projects slated for 
construction in the western U.S. in the next decade will have firm power purchase agreements 
                                                           
68 Gordon Butte Pumped Storage 



http://www.absarokaenergy.com/
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before ground is broken. Because Montana is already a net exporter of electricity and because 
NorthWestern Energy’s Renewable Portfolio Standard is already largely met, demand for new 
generation built in Montana would mostly likely come from out of state. The challenge that 
Montana projects—like all projects—face is contracting to produce power for customers at a 
price that is both profitable to the project developer and competitive with other energy sources, 
including sources potentially closer to the end-consumer.  Transmission charges could be high 
enough between Montana resources and West Coast load centers to challenge the 
competitiveness of Montana-based projects.  Low electricity prices and the  ISOs and RTOs add 
uncertainty to the process. 


Numerous proposed transmission lines in the Western U.S. are not constructed due in part to 
this problem.  


The regulatory structure in Montana requires proving a need for new transmission projects that 
are 230kV or larger and longer than ten miles. Such projects must meet the standards outlined 
under MFSA (75-20-104(8)(a)(i), MCA).  


California Renewable Portfolio Standard 
While California is not the only renewable market in the West, California’s RPS will require 
more renewable energy than the rest of the western states combined. It is likely that many wind 
developments proposed in Montana and other western states intend to sell into the California 
market. California has a statutory 50 percent RPS requirement by 2030 for all large utilities in 
the state.  While other states are mostly meeting RPS standards and California utilities are on 
track to meet their 2020 RPS targets, by 2030 California utilities will require twice as much 
renewable energy as the other Western states combined. Corporate buyers and community 
choice aggregators are growing sources of demand for renewable energy as well, but their 
market impacts could prove to be less regional in nature if they look to procure near the 
communities they serve.69  Recent changes to California’s RPS rules place some additional 
burdens on out-of-state wind resources. These changes could negatively impact developers’ 
interest in pursuing wind resources in Montana and could decrease interest in new 
transmission. 


Western Electricity Coordinating Council Energy Imbalance 
Market 
An Energy Imbalance Market (EIM), as proposed by WECC aggregates the variability of 
generation and load over balancing authorities and reduces the total amount of required 
reserves for a balancing area. An EIM more easily allows participants to use the lowest-cost 


                                                           
69 RETI 2.0 Western States Outreach Project Report, Prepared by Energy Strategies, LLC for submission 
under Agreement with the Western Interstate Energy Board October 12, 2016 
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generation in the market to balance loads and generation.  In some ways, an EIM serves some of 
the functions an ISO or RTO might serve. 


The EIM initiative is a comprehensive market-based proposal to address generator imbalances 
in the West. It is a regional economic dispatch tool that supplies imbalance energy within 
transmission and reliability constraints. The EIM would be a 5-minute, security-constrained 
economic dispatch model using locational marginal pricing for energy imbalances. The EIM 
could utilize physically available transmission space and would reduce the costs of integrating 
variable energy resources. The EIM would allow the deviations from electricity schedules to be 
resolved using the most cost-effective, physically deliverable resource.  A variety of groups are 
currently exploring the possibility of implementing this market, but it is not yet being used in 
Montana.  


EIM is a real-time energy market that operates what is called a "security constrained economic 
dispatch" (SCED). The model is similar to an auction. Utilities submit a schedule of the 
resources they anticipate serving their consumer demand as they move into the operating hour 
to the independent operator of the market. At the same time, those utilities and other owners of 
power plants submit incremental bids of their plants' capacity -- essentially, an offer to move up 
or down as certain plants go up and down, and as the same type of volatility happens to 
consumer demand.70  


The EIM operator then allows the least-cost resources to meet any given utility's demand, so 
long as there is space available on the transmission system. In addition to this, the automation 
present in a SCED allows the grid to more flexibly absorb or replace unanticipated over- or 
under-production of weather-dependent renewables. These two things -- least-cost dispatch and 
renewable integration -- make up the value proposition of EIM. Basically, without it, the system 
functions on bilateral trading that lacks the visibility of multiple players coming together to 
form a multi-party "bid stack.” The system also lacks the automation that allows for bids to 
happen in real time.  This is opposed to the current situation of the hourly schedules that 
dominate the western interconnection outside the EIM.  


Smart Grid 
A smart grid is a modernized electrical grid that uses information and communications 
technology to gather and act on information in an automated fashion to improve the efficiency, 
reliability, economics, and sustainability of the production and distribution of electricity.71  
“Smart grid” generally refers to a class of technology people are using to bring utility electricity 
delivery systems into the 21st century, using computer-based remote control and automation. 
These systems are made possible by two-way communication technology and computer 
processing that has been used for decades in other industries. Smart Grid technologies are 
                                                           
70 This paragraph and the next one are taken from an email response from Commissioner Travis Kavulla, 
Montana Public Service Commission. 


71 Department of Energy 
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beginning to be used on electricity networks, from power plants and wind farms to the 
consumers of electricity in homes and businesses. A smart grid can alert customers to real time 
prices in order to promote conservation and allow for tiered electricity pricing. This technology 
can also help grid management from many places and sensors rather than one central location, 
and potentially lead to lower restoration times after a blackout. Concerns about the smart grid 
include cost, cybersecurity, and personal privacy. 


Increasing Renewables: Duck Curve and Inertia72 
Historically, the California ISO (CAISO) directs conventional, controllable power plant units to 
move up or down with instantaneous or variable demand. With the growing penetration of 
renewables on the grid, there are higher levels of non-controllable, variable generation 
resources. Because of that, the ISO must direct controllable generation resources to match both 
variable demand and variable supply. Variability must also be managed intra-hour and from 
day-to-day.  The ISO needs a resource mix that can react quickly to adjust electricity production 
to meet the sharp changes in electricity net demand. These resources feature ramping flexibility 
and the ability to start and stop multiple times per day.  To ensure supply and demand match at 
all times, controllable resources need the flexibility to change output levels and start and stop as 
dictated by real-time grid conditions.  


CAISO created curves for every day of the year from 2012 to 2020 to illustrate how the net load 
following need varies with changing grid conditions. The net load curve or duck chart in Figure 
2 illustrates the steepening ramps expected during the spring.  The duck curve is so-named due 
to the shape of net load during the day in California.  The chart shows the system requirement 
to supply an additional 13,000 MW, within approximately three hours, to replace the electricity 
lost by solar power as the sun sets. Oversupply occurs when all anticipated generation, 
including renewables, exceeds the real-time demand. During oversupply times, wholesale 
prices can trend low and even negative in which generators have to pay utilities to take the 
energy. In almost all cases, oversupply is a manageable condition but it is not a sustainable 
condition over time. The duck curve in Figure 2 shows that oversupply is expected to occur 
during the middle of the day as well. Because the ISO must continuously balance supply and 
demand, steps must be taken to mitigate oversupply risk. 


  


 


                                                           
72 California ISO-What the Duck Curve Tells us About Managing a Clean Grid, 
https://www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf 
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Figure 11. The Duck Curve 


 


Source: CAISO 


The following actions avoid oversupply conditions:  


1.) increasing demand by expanding the ISO control area beyond California to other 
states so low-cost surplus energy can serve consumers over a large geographical area;  


2.) increasing participation in the western Energy Imbalance Market in which real-time 
energy is made available in western states;  


3.) transitioning our vehicles to electricity;  


4.) offering consumers time-of-use rates that promote using electricity during the day 
when there is plentiful solar energy and the potential for oversupply is higher;  


5.) increasing energy storage; and  


6.) increasing the flexibility of power plants to more quickly follow ISO instructions to 
change its generation output levels.  


Cybersecurity 
An adversary with the capability to exploit vulnerabilities within the U.S. power grid might be 
motivated to carry out a cyber-attack under a variety of circumstances. An attack on the power 
grid could be part of a coordinated military action, intended as a signaling mechanism during a 
crisis, or as a punitive measure in response to U.S. actions in some other arena. A cyberattack 
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could cause power losses in large portions of the United States that last days in most places and 
several weeks in others.  


Attacks on power grids are no longer a theoretical concern. In 2015, an attacker took down parts 
of a power grid in Ukraine. Although attribution was not definitive, geopolitical circumstances 
and forensic evidence suggest Russian involvement. A year later, Russian hackers targeted a 
transmission level substation, blacking out part of Kiev. In 2014, Admiral Michael Rogers, 
director of the National Security Agency, testified before Congress saying China and other 
countries likely had the capability to shut down the U.S. power grid. Attacks could inflict 
damage on the many health and safety systems that depend on electricity. Given the fragility of 
many industrial control systems, even reconnaissance activity risks accidentally causing harm.73 


Today, the electric power industry is forging ahead with a series of initiatives to safeguard the 
electric grid from threat and is partnering with federal agencies to improve sector-wide 
resilience to cyber and physical threats. The industry also collaborates with the National 
Institute of Standards and Technology, the North American Electric Reliability Corporation, 
and federal intelligence and law enforcement agencies to strengthen its cybersecurity protocols. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


                                                           
73 Council on Foreign Relations, “A Cyberattack on the U.S. Power Grid”, https://www.cfr.org/report/cyberattack-us-
power-grid 
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The Montana coal industry exists to support the generation of electricity. Coal-fired power 
plants account for a majority of Montana’s electric generation portfolio, but recently coal usage 
has declined. Coal fueled nearly two-thirds of the state’s total electric generation in the 2000’s, 
and remained between 50 percent and 55 percent since 2010. Nearly three-quarters of the coal 
mined in Montana is exported, primarily to Midwestern utilities and to coal brokers. The coal 
that remains in Montana fuels electric generating plants, with most used at the Colstrip 
generating facility. 


Early Observations 


The earliest white explorers of the region documented coal in present-day Montana. Captain 
William Clark, on the return trip through what is now Montana, led half of the Lewis and Clark 
Expedition down the Yellowstone River, passing within perhaps 50 miles of the coal beds of 
what is now known as the Rosebud field, part of the larger Fort Union Formation in the Powder 
River Basin.  


The following excerpt is from Clark’s Yellowstone River journal from the summer of 1806: 


In the evening I pass Starters of Coal in the banks on either side … bluffs about 30 feet 
above the water and in two vanes [veins] from four to 8 feet thick, in a horizontal 
position. This coal or carbonated wood is like that of the Missouri [River] of an inferior 
quality.74 


The annual federal Statistics of Mines and Mining compiled for the western states and 
territories for 1873 and 1875 indicated limited seasonal coal extraction in the Big Hole Valley, at 
Mullan Pass west of Helena, at Fort Benton, and at Belt along the Missouri River. During this 
time, the coal was probably used principally to forge iron for blacksmithing in nearby towns.  


Railroad planners became interested in local coal to build steam for locomotive power, and 
early surveys in Montana Territory often included geologists on the lookout for available 
deposits. In 1882, the geologists of the Northern Transcontinental Survey visited the region in 
the course of a general reconnaissance of the Northwest, a chief object of the exploration being 
to secure information concerning coal resources. The existence of valuable coal deposits in the 
Great Falls region was clearly recognized by the survey, as were lesser-quality deposits near 
present-day Lewistown and in the Bull Mountains.75  


                                                           
74 Journals of the Lewis & Clark Expedition, R. Gold Thwaites, editor, 1905. 


75 Geology of the Lewistown Coal Field, Montana, U.S.G.S., 1909, Calvert, W.R. 


Coal Production in Montana 
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The narrow-gauge Utah & Northern (later Union Pacific) reached Montana from the South in 
1880, connecting to Butte the following year.76 Northern Pacific and to a lesser extent Union 
Pacific formed coal mining companies to exploit the deposits at Timberline on Bozeman Pass, 
and by 1885 more than 83,000 tons per year was mined there, mostly for rail transportation.77 
Great Northern launched a coal subsidiary in 1888 at Sand Coulee outside of Great Falls to 
provide for its Montana operations.78  


By 1880, use of coal in Montana was growing to include more industrial uses–principally ore 
processing–in addition to commercial and domestic home heating. Non-transportation 
industrial use would grow significantly over the next quarter century with the rise of copper 
smelting and refining in the Butte-Anaconda district and at Great Falls. The use of coal for 
mineral reduction declined early in the twentieth century, at least partially as hydroelectric 
dams came online along the Missouri River.   


Production 
Montana was the sixth largest coal producer in the U.S. in 2015, with 42 million tons mined. The 
majority of in-state mining occurs in the Powder River Basin southeast of Billings. With the 
exception of the small lignite mine at Savage and the bituminous Signal Peak, mine north of 
Billings, Mont., the state produces low-sulfur subbituminous coal, with up to 18 million Btu per 
ton. Like most coal in the West, Montana coal’s lower sulfur content produces less sulfur 
emissions, but is also lower in heat content when compared to coal mined in the East. 
According to the EIA, the total tonnage of coal produced west of the Mississippi surpassed coal 
produced east of the Mississippi in recent decades.79 (Figure 13).  In 2015, 548 million tons were 
mined west of the Mississippi compared to 348 million tons east of the Mississippi. 


 


 


 


 


 


 


 


                                                           
76 Montana: A History of Two Centuries, Malone, M., et al, 1976. 


77 Op cit, McDonald and Burlingame. 


78 The Cascade County Album: Our History in Images, Cascade County Historical Society, 1999. 


79 https://www.eia.gov/totalenergy/data/annual/showtext.php?t=ptb0702 
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Figure 12. Historical coal production in the U.S. 


  


Coal mining has occurred in Montana since territorial days. Early production primarily filled 
the need for heating fuel with some coal converted to coke for smelting, and some production 
used for industrial steam power and to power locomotives. Production initially peaked in the 
1940s at around 5 million tons per year. As diesel replaced steam locomotives, production 
declined, reaching its lowest point in 1958. That year, only 305,000 tons were mined, an amount 
equivalent to less than 1 percent of current output. Output remained stagnant for a decade, 
maintained by production for a small electric generating plant near Sidney. Production began to 
increase in 1968, when Western Energy Company began shipping coal mined from the Colstrip 
area to a generating plant in Billings owned by its parent company, the Montana Power 
Company.  


As Montana, mines began supplying electric generating plants in Montana and the Midwest, 
coal production jumped. Production in 1969 totaled 1 million tons; 10 years later, production 
increased to 32.7 million tons as Colstrip Units 1 and 2 become operational and export markets 
continued to develop. Production increased gradually to almost 43 million tons in 1998. In the 
past two decades, production remained near 40 million tons, reaching 42 million tons in 2015.  
Nearly 25 percent of that amount fuels the Colstrip electric generation plant.  In the past decade, 
Montana has accounted for 4 to 5 percent of the coal mined each year in the U.S., maintaining its 
share of the U.S. market. Western states other than Wyoming followed a path similar to 
Montana. Wyoming’s market share grew over that time in the rich and productive fields located 
in the Powder River Basin.   


While significant, Montana’s coal output is dwarfed by that of Wyoming, which produced 42 
percent of the nation’s coal in 2015. The gap between the two states is due in part to a 
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combination of physical factors that make Montana coal less attractive than coal from 
Wyoming. Montana coal generally is more costly to mine. Coal seams tend to be thinner, 
though still thick in comparison to eastern coal, and buried under more overburden than seams 
in Wyoming. Wyoming coal tends to have slightly lower average ash and sulfur content than 
Montana coal. Coal from the Decker area boasts the highest Btu in the Powder River Basin, with 
about the same sulfur content as Wyoming coal, but its high sodium content can cause 
problems in combustion. The difference in production between the two states is further affected 
by the superior development of the rail transportation network in the southern end of the 
Powder River Basin in Wyoming. 


The price of Montana coal averaged $17.44 per ton at the mine in 2015, up from the previous 20 
years when it was near $10.00 per ton.80  The average price of coal peaked at $14.22 per ton in the 
early 1980s and began a downward trend that lasted to the turn of the century. By 2002, the 
price fell nearly 60 percent.  The price of Montana and Wyoming coal is far below the U.S. 
average of $31.83. The two main reasons for the difference are transportation costs and the 
lower heat content of the coal.  Average transportation costs for Powder River coal are currently 
more than the mine mouth cost of the coal itself, which is mostly shipped to out-of-state 
generating plants.  81 


There are currently six major coal mines in Montana operating in Big Horn, Musselshell, 
Richland, and Rosebud Counties. Westmoreland Mining, LLC, controls three of these mines, 
accounting for more than 13 million tons of coal in 2016. In 2007, Westmoreland gained 100 
percent ownership of the Absaloka Mine in Big Horn County. During the 1990s, the last 
Montana mine producing less than 100,000 tons annually closed. A new mine at that site, the 
Signal Peak Mine, near Roundup, opened in 2003.  


Expansions at the Signal Peak mine were expected to bring a significant increase in Montana’s 
total current coal output.  A 35-mile rail spur was added to the BNSF line near Broadview to 
deliver coal from Signal Peak to various markets. With the expansion, the mine was expected to 
ramp up production to about 15 million tons per year. However, production has leveled out at 
around 6 million tons in the past few years. 


The West Decker Mine expanded significantly until 2008, when production from the West 
Decker mine sharply decreased in volume. The East Decker mine picked up a portion of that 
production in 2009. The Spring Creek mine, owned by Cloud Peak, was the largest producing 
mine in Montana in 2016, accounting for nearly 32 percent of production, or about 10 million 
tons.  This is sharply down from previous years where the total production was consistently 
more than 15 million tons.  Western Energy Company (a subsidiary of Westmoreland) operates 


                                                           
80 2012 EIA, http://www.eia.gov/coal/annual/pdf/table31.pdf. 


81 U.S. EIA, 2017 
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the Rosebud Mine and is the second largest in-state producer at 8.5 million tons, accounting for 
26 percent of Montana coal production in 2016.   


Figure 13. Production of Coal Mines in Montana (2000-2016) 


 


 


Production has recently decreased in Montana, from about 45 million tons in 2008 to 32 million 
tons in 2016. The trend mirrors the national totals, with production decreasing from about 1.2 
billion tons mined in 2008 to just under 0.9 billion tons in 2015. Most of this decline can be 
credited to weak economic markets for coal both domestic and internationally. Coal generation 
for domestic electric generation plants is down as older coal plants close and existing plants run 
less of the time. Low natural gas prices and cheaper renewables mean that natural gas, wind 
and solar are fueling more electricity production. Foreign demand also appears to have 
declined. Air quality regulations have accelerated the recent trend of coal plant closures.  
Natural gas is also substituted for coal in other industrial applications. The future of Montana 
coal economics depends in large part on greenhouse gas regulations for electric generation, the 
amount of U.S. coal-fired generation in operation, natural gas prices, and coal export markets.  


Almost all coal produced in Montana generates electricity. In recent years, about three-quarters 
of production has been shipped by rail to out-of-state utilities and, increasingly, foreign nations. 
The remaining quarter is consumed in Montana. About 90 percent of what is consumed in 
Montana is burned to produce electricity, primarily at Colstrip. Minor amounts of residential 
and commercial heating and some industrial use account for the remainder.  


Prior to deregulation in 1997, about 40 percent of the coal-fired electric generation remained in 
Montana. Nearly 60 percent was transmitted to out-of-state utilities.  The majority of coal 
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burned in Montana still produces electricity for export to Washington and Oregon. That fact is 
due in large part to the ownership structure of Colstrip. In the early 2000s, Montana Power sold 
their share of Colstrip to PPL Montana and NorthWestern Energy. Talen Energy bought PPL 
Montana’s share in 2015.  


Over the last decade Michigan, Minnesota, and Montana used about three-quarters or more of 
all the coal produced in Montana (Figure 14). Since 2010, the trend has remained similar, with 
nearly 75 percent of coal production still powering Montana, Michigan and Minnesota, and the 
other 25 percent sold to brokers. After 2002, data on shipments to other countries was not 
available; however, historically, Montana has shipped coal to Canada. Most exports from 
Montana mines are currently sold to brokers, who don’t consistently report the final destination 
for exports. 


Figure 14. Destination for Montana coal 
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Coal Economics in Montana 
Since 2002, the average price of coal has increased, and the amount of coal mined has increased 
along with the number of in-state mining employees (Figure 15). Taxes on coal, despite 
decreases from historical highs, remain a major source of revenue for Montana, with $60.4 
million collected in coal severance tax in state fiscal year 2015.82 That is significantly less than 


                                                           
82 A gross proceeds tax of 5 percent goes to both the county and state based on 1990 mills. Another 0.4 
percent goes for the Resource Indemnity and Ground Water Assessment Tax that, among other things, 
pays for reclamation of old, unreclaimed mined areas.  
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the amount collected in fiscal year 1984, when collections peaked at around $92 million. 
Collections dropped in the 1980s and 1990s as tax laws changed, beginning with tax changes 
made by the 1987 Legislature. Revenues also dropped due to the declining price of coal over 
time. While the tax rates vary, the rate on most coal in Montana has dropped from 30 percent to 
15 percent of price. This drop in rates has had a larger impact on tax collections than the drop in 
coal prices. The tax structure’s impact on coal production is less clear. Production has risen 
modestly since the cut in coal taxes, and Montana has been able to retain most of its share of the 
national market.    


In addition to severance taxes, gross proceeds taxes are also paid to support the counties where 
mines are located.83 The 2009 Legislature altered a series of tax laws applicable to coal 
producers. Severance tax rates for strip mines that recover coal using auger techniques were 
reduced. County commissioners have been granted authority to provide up to a 50 percent local 
abatement of coal gross proceeds taxes for up to 10 years at new or expanding underground 
mines. Montana coal producers also pay a Resource Indemnity Trust tax, federal taxes, and 
royalties. Federal leasing laws require 49 percent of the royalties collected from development of 
federal leases be returned to the state.  That requirement was lowered from 50 percent in Oct. 
2007.84  A royalty is also paid on coal-producing land leased from the state.  


The cost of transportation to distant markets may also affect the competitiveness of Montana 
coal. Nearly all coal exported from Montana leaves on BNSF rail lines. Some is later shipped by 
barge. Due to its remote location, coal shipped from the Powder River Basin (Wyoming and 
Montana) in 2000 was sold at a high ratio of transportation cost to delivered price, on a per-ton 
basis, for U.S. coalfields.85  


Coal was the least expensive fossil fuel used to generate electricity for many years. In recent 
years, natural gas has closed the price margin when compared to coal. When natural gas was 
near $2/dkt in early 2013, it was briefly cheaper than coal on a fuel per MWh basis. Today, both 
fuels generate about the same amount of electricity nationwide. Wind power is often less costly 
than both fuels and is often used on a “must-take” basis.  Increasingly, the use of coal-fired 
generation for electricity is linked to potential federal activities and restraints on greenhouse 
gases. The impact of potential greenhouse gas regulations on the future price and viability of 
coal-fired generation is uncertain. Montana businesses and elected officials have promoted 
clean coal technologies in the past, and a number of projects are in the conceptual stage. If 


                                                           
http://revenue.mt.gov/Portals/9/publications/biennial_reports/2014-2016/2016-Biennial-Report-Natural-
Resources.pdf  


83 Montana DOR, TPR, Rosemary Bender. 


84 Ibid.  


85 https://www.eia.gov/coal/transportationrates/ and Energy Policy Act Transportation Rate Study: Final 
Report on Coal Transportation, EIA, 2000. 



http://revenue.mt.gov/Portals/9/publications/biennial_reports/2014-2016/2016-Biennial-Report-Natural-Resources.pdf

http://revenue.mt.gov/Portals/9/publications/biennial_reports/2014-2016/2016-Biennial-Report-Natural-Resources.pdf

https://www.eia.gov/coal/transportationrates/
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greenhouse gas regulations move forward, these clean coal efforts may be critical to 
maintaining the consumption of Montana's vast coal resources. 


 


Figure 15. Relative Changes in Montana Coal Production, Share of U.S. Market, Number of 
miners, and Severance Tax Collections, 1980 to 2011 (1980 = 1) 
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Current Issues in Montana 
Impacts from Federal Greenhouse Gas Activities 
The Environmental Protection Agency (EPA) under the Clean Air Act (CAA) has been crafting 
greenhouse gas regulations for new and existing major stationary sources, including power 
plants, under Section 111 of the CAA. Section 111 performance standards, like much of the 
CAA, are designed and promulgated through a federal-state partnership. The EPA is 
authorized to approve a minimum federal “backstop” for regulations, and then allow states to 
control greenhouse gas emissions beyond that backstop.   


In late 2015, EPA finalized carbon dioxide (CO2) emission performance rates for new fossil fuel-
fired power plants. For existing power plants, EPA established the emission rates based on 
analysis of the best system of emission reduction that had been demonstrated for the particular 
pollutant and particular group of sources. As part of the federal-state partnership, the EPA left 
the states to develop and implement control plans that would achieve EPA’s emission 
performance rates. States had the flexibility to develop plans that met their specific needs, so 
long as they achieved the prescribed emission performance rates. Examples of possible control 
measures included retrofit technology at regulated power plants, changes in operation of 
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plants, and replacing carbon intensive generation with lower-emitting natural gas or zero-
emitting renewable generation. On February 9, 2016, the Supreme Court stayed the 
implementation of the emission performance rates for existing power plants pending judicial 
review, halting the process.  In late 2017, the Trump administration overturned the Clean Power 
Plan under EPA Administrator Scott Pruitt. 


Despite the administration’s action on the Clean Power Plan, greenhouse gas-intensive coal 
generation in the U.S. could be forced to develop a number of retrofits, likely making generation 
more expensive over time. Most existing coal plants in Montana will likely retire earlier than 
originally expected as dictated by economics, power contract, politics and consumer demand.  
This will greatly affect the parts of Montana’s economy dependent on coal plants and coal 
mines.  Both NWE and MDU, in their respective resource plans and in recent portfolio 
purchases, evaluate these issues. Both favor acquisitions of natural gas and wind power for new 
power. MDU has taken advantage of market purchases from the regional transmission 
organization (RTO) known as MISO, while NWE continues to purchase some of its energy on 
the wholesale market with a mix of long-term and shorter-term purchases. 


Montana is one of only a few states that have taken steps to implement carbon sequestration 
legislation (Chapter 474, Laws of 2009). While state law does not mandate the sequestration of 
carbon dioxide generated from sources, the law provides regulatory certainty to those 
interested in pursuing such technology. Montana has stated its intent to have jurisdiction over a 
sequestration program, while recognizing that its regulatory program will need to be in line 
with federal guidelines.  


Coal Exports and Coal Trains and Coal Terminals   
In the past, various business interests have proposed shipping coal from the Powder River 
Basin area in southeastern Montana and Wyoming to the West Coast. Several coal export 
terminals have been proposed on the coasts of Washington and Oregon, including one inland 
port on the Columbia River. These terminals would ship coal overseas, mostly to Asia. 
Concerns have been raised about greenhouse gas emissions and impacts along railroad routes, 
including some Montana cities and towns, where coal would be shipped to the proposed ports. 
The U.S. coal industry sees exports as an opportunity to make up for declining domestic 
demand. The future of proposed coal exports remains in question but could likely have a 
significant effect on coal production in Montana. 
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Natural gas is a major source of energy for Montana’s homes, businesses, and industries. 
Increasingly, it is also an important fuel for electrical generation, both in state and nationwide. 
Natural gas consumption is expected to continue to increase in the U.S. with sustained low 
prices, greater domestic supply, and increasing use in electric generation plants. Montana is 
part of the North American natural gas market, with prices and availability set more by events 
outside than inside Montana. Natural gas fracking recently has increased domestic supply, 
pushing down prices and increasing domestic demand.  As natural gas markets become more 
complex and as fracking transforms the natural gas industry, the price and availability of 
natural gas will continue to move in ways Montanans have not experienced in previous 
decades. 


Natural Gas Supplies for Montana and In-State Production 
Montana currently consumes more natural gas than it produces.  In 2015, Montana produced 
51.4 billion cubic feet (Bcf) and consumed 75.0 Bcf.86  a significant portion of in-state production 
is exported, and at least half of Montana’s consumption is imported from Canada and other 
states.  This is especially true in the eastern portion of the state where most natural gas 
produced leaves the state in pipelines, and much of what is consumed is imported from other 
states. These market patterns of import and export are driven by the trading structure of natural 
gas contracts, as well as the configuration of pipelines and wells throughout Montana.   


From 2012-2016, Montana produced an annual average of about 57.9 Bcf of gas, which is down 
from the decade before that when the average was around 99 Bcf per year and annual 
production totals reached as high as 115 Bcf.  Reasons for this recent decline in Montana gas 
production include less associated natural gas from the Bakken oil field, the collapse of coal-bed 
methane due to economics, a lack of fracking in state, traditional shallow reserves from 
conventional wells declining, and very few (almost zero) new conventional wells being 
drilled. From 2011-2015, Montana consumed a total average of 75.3 billion cubic feet (Bcf) of gas, 
which has held relatively steady since 2000.87   


  


                                                           
86 U.S. EIA, 2017.  Total consumption for this chapter includes lease, plant and pipeline natural gas use. 


87 Ibid. 
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Gas wells in Alberta and Montana provide most of the natural gas supply for Montana 
customers, a market condition unlikely to change in the future. Reasons include Montana’s 
proximity to Alberta’s large gas reserves and the configuration of pipelines within and outside 
of the state. Supplies from other states including Wyoming and North Dakota also represent a 
portion of total in-state usage—mostly on MDU’s Williston Basin (WBI) natural gas system. 
With the NorthWestern Energy purchases of natural gas fields in north-central Montana in 2010 
and 2013, a larger percentage of gas consumed in Montana will likely be produced in state than 
in past years.   


Domestic, in-state gas wells are located primarily in the north-central portion of the state, 
although other portions of the state also have wells. In 2015, the northern portion of Montana 
accounted for 71 percent of total in-state production, the northeastern portion 24 percent, and 
the south-central portion 3 percent as defined by Montana DNRC.88 In-state gas production 
increased from relatively constant historical levels from 1995 to 2007 and then saw sharp 
declines in the years since (Figure _).  Blaine, Fallon, Hill, and Phillips counties produce the 
greatest amounts of natural gas in Montana. Powder River County and Richland County have 
both increased their percentage of the total amount, most of it in “associated gas”, with oil 
production from the Bakken Oil Field.  Associated gas is natural gas that is a byproduct from oil 
wells.   


A portion of the gas produced in Hill and Blaine Counties in northern Montana flows into 
NWE’s gas pipeline system and a portion into the Havre Pipeline system. Havre Pipeline 
delivers 7.0 Bcf total from those wells to be consumed in state on NWE’s system.89  Gas 
produced in Fallon, Richland, and Phillips Counties mostly flows into MDU’s system, and 
dependent on the seasonal demand, will flow west to central Montana or east into the state of 
North Dakota.90 


 


 


 


 


 


 


                                                           
88 Montana, DNRC, Oil and Gas Conservation Division, Board of Oil and Gas Conservation, ANNUAL 
REVIEW 2015 Volume 59, http://bogc.dnrc.mt.gov/annualreview/AR_2015.pdf  


89 Pat Callahan, NorthWestern Energy, August 2017. 


90 Bob Morman, MDU, 2017 



http://bogc.dnrc.mt.gov/annualreview/AR_2015.pdf
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Figure 16. Marketed Natural Gas Production in Montana (1970-2016) 


 


Natural Gas Supplies for the United States 
U.S. natural gas supplies are largely domestic, supplemented by imports mainly from Alberta, 
Canada. A small amount of gas imports arrives from other countries, a portion of which is 
liquefied natural gas (LNG).  Domestic gas production and imported gas are usually enough to 
satisfy customer needs during the summer, allowing a portion of supplies to be placed into 
storage facilities for withdrawal in the winter. This is when the additional requirements for 
space heating cause total demand to exceed production and import capabilities. Natural gas is 
injected into pipelines every day and transported to millions of consumers all over the country. 
Much of it travels long distances from production areas to population centers through interstate 
pipelines owned and operated by pipeline companies. Once the gas arrives at a population 
center, it is generally delivered to residential customers and other end-use consumers through 
the complex network of pipes owned and operated by local distribution companies (LDCs). 


Total U.S. marketed production of natural gas has risen sharply in recent years. In 2006, 
production totaled 19.41 trillion cubic feet (Tcf), in 2012, production totaled 25.28 Tcf and in 
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2016, production increased to 28.29 Tcf.91  The increase is mostly due to fracking technology.  
Hydraulic fracturing (commonly called fracking or fracing) is a technique in which water, 
chemicals, and sand are pumped into a well to unlock the hydrocarbons trapped in shale 
formations by opening cracks (fractures) in the rock and allowing natural gas to flow from the 
shale into the well. When used in conjunction with horizontal drilling, hydraulic fracturing 
enables gas producers to extract shale gas. Without these techniques, natural gas does not flow 
to the well rapidly, and commercial quantities cannot be produced from shale. Fracking is 
occurring in diverse areas across the U.S. and has led to environmental and landowner concerns 
in those areas.92  So far, these concerns have not significantly slowed down increased 
production from natural gas fracking. In terms of technology, natural gas fracking is similar to 
oil fracking. 


According to the U.S. Energy Information Administration (EIA), the top five states producing 
natural gas (measured as “marketed production”) in 2015 were Texas (7.88 Tcf), Pennsylvania 
(4.81 Tcf), Oklahoma (2.50 Tcf),  Wyoming (1.79 Tcf), and Louisiana (1.78 Tcf). These five states 
accounted for about 65 percent of marketed natural gas production in the United States in 
2015.93 Marketed production from federal offshore wells in the Gulf of Mexico was 1.29 Tcf in 
2012, or about 4.5 percent of total domestic production. These amounts are sharply down from 
10 years ago when the average annual offshore natural gas production from the Gulf was 
around 4.0 Tcf. The reason for the change is that onshore fracking and onshore conventional 
and unconventional production are generally cheaper than offshore production. 


The Rocky Mountain states are the primary domestic source of natural gas supply to the Pacific 
Northwest region, which includes Montana. Alberta is also an important source for the region.  
Almost all of the recent increase in domestic natural gas production is due to growth in shale 
gas production using fracking technology. Much of that increase is coming from the Marcellus 
formation in the Northeast U.S. (explaining Pennsylvania’s high production levels).  Onshore 
production is projected to increase over time, while federal Gulf of Mexico production from 
existing fields declines, as the current economics of onshore drilling remain more favorable and 
require lower marginal investments. EIA projects that the United States will become a net 
exporter of natural gas on average in 2017.94  It is important to note that with the volatile nature 
of the natural gas market, it is hard to predict future production levels. 


In 2016, nearly 11 percent or 3.0 Tcf of the total natural gas consumed in the U.S. is imported 
from other countries. Most of that gas comes from Canada. Aside from Canada, LNG is the 
other significant source of natural gas imports, although it makes up a small portion of imports. 
                                                           
91 U.S. EIA, 2017 


92 http://geology.com/energy/shale-gas/   


93 U.S. EIA, 2017. 


94 U.S.EIA Short Term Energy Outlook, July 2017.  https://www.eia.gov/outlooks/steo/pdf/steo_full.pdf. 
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LNG imports into the U.S. have fallen sharply since 2006 and are only about 3 percent of overall 
natural gas net imports.95  U.S. exports have ramped up from 0.8 Tcf in 2007 to 2.3 Tcf in 2016. 
Most of the increase is realized in pipeline shipments to Canada and Mexico. There were 415 
natural gas storage sites in the United States in 2016 with a combined total capacity of 9.2 Tcf.96 


It is difficult to predict precisely how much natural gas is left in North American 
reserves.  


Proved reserves are estimated volumes of hydrocarbon resources that analysis of 
geologic and engineering data demonstrates with reasonable certainty are 
recoverable under existing economic and operating conditions.  Unproved 
reserves are the balance of the rest of technically recoverable resources. 


According to EIA estimates in 2015, the U.S. had 369 Tcf of proven reserves (about 12 years of 
current U.S. consumption) and about 1,986 Tcf of unproven reserves.97   


Natural Gas Consumption in Montana 
Recent Montana natural gas consumption averages 65 to 80 Bcf per year (Figure 9). Both 
residential and commercial gas consumption are currently growing slowly, and remain roughly 
level with 1970s consumption figures.  Usage by industry is expected to stay fairly level in the 
near term unless a large new gas consuming company enters or leaves the state. Traditionally, 
industrial usage has varied more than other sectors. 


In the 1970s, Montana’s industrial sector used much more natural gas than it does today, and as 
a result, total in-state consumption was higher than it is today. The closure of smelters in 
Anaconda, in particular, contributed to the drop in industrial usage that took place in the 1980s. 
Other business closures, like those of Columbia Falls Aluminum Company and Smurfit-Stone in 
the past 15 years, contributed as well.  Two relatively new in-state electrical generation facilities 
are using increasing amounts of natural gas. Total in-state consumption is slowly creeping 
toward 1970s levels, due mainly to increases in the state’s population, a growing commercial 
base, and natural gas-fired electrical generation. 


The 53 MW capacity Basin Creek electric generation plant near Butte began operations in late 
2005. Natural gas usage at the Basin Creek plant constitutes a small percentage of Montana’s 
total usage.  It is typically used as a peaking resource and when electricity prices are high. The 
150 MW capacity Dave Gates Generating Station (DGGS) near Anaconda began operations in 
                                                           
95 U.S. EIA, 2017. 


96 Ibid. 
97 U.S. EIA website and Oil and Gas Supply Module, Assumptions to the Annual Energy Outlook, July 
2017, https://www.eia.gov/outlooks/aeo/assumptions/pdf/oilgas.pdf.   
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2011 and also uses a small percentage of Montana’s total.  Neither plant functions as a base load 
resource, and neither plant required extensive upgrades to NWE's pipeline system.98  The 
Culbertson Generation Station, a nearly 90MW facility, began operations in 2010 on the Eastern 
Electric Grid.  The Culbertson Generation Station operates sporadically and not as a base load 
resource. The facility doesn’t use a sizeable amount of natural gas.  A large base load natural 
gas plant running at high capacity (i.e. 500 MW base load plant) could use half as much natural 
gas as Montana consumes in a year, but no such plant exists in Montana.  Natural gas electric 
generation in Montana consumed 7.8 Bcf of gas in 2015, about 12 percent of the state total. 


 


Figure 17. Natural Gas Consumption in Montana (1960-2015) 


 


 


Natural Gas Consumption in the U.S. 
In the last 40 years, changes in energy markets, policies, and technologies combined to spur an 
increase in the total usage of natural gas in the U.S. These changes included: 


• Deregulation of wellhead prices under the Natural Gas Policy Act of 1978 and 
acceleration under the Natural Gas Wellhead Decontrol Act of 1989; 


• Deregulation of transmission pipelines by FERC Orders 436 (1985), 636 (1992), 
and 637 (2000). The FERC orders separated natural gas commodity purchases 


                                                           
98 A base load resource is a generation plant that runs constantly or runs a majority of the time at constant 
levels.  Basin and Dave Gates do not run all the time, and ramp their output up and down frequently 
depending on the needs of NorthWestern Energy’s electric balancing area. 
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from transmission services, so pipelines transport gas on an equal basis. Order 
636 allowed customers to purchase natural gas from a supplier other than the 
utility that delivers their natural gas; 


• Passage of the Clean Air Act Amendments of 1990 and subsequent regulations 
affecting air quality standards for industries and electricity generators in 
nonattainment areas, which favor natural gas over other fossil fuels such as coal; 


• Potential federal regulation that could constrain carbon emissions; 
• Improvements in the efficiency and flexibility of natural gas generation and 


improvements in exploration and production technologies (e.g. fracking) 
• Investment in major pipeline construction expansion; 
• Low natural gas prices due to fracking technology implemented in the 2000’s. 


 


U.S. gas consumption was 27.49 Tcf in 2016.  Historically, U.S. natural gas consumption has 
increased at a steady pace. In 2016, the use of gas for electric generation was the largest natural 
gas consuming sector in the U.S at 36 percent (10 Tcf), up from 28.6 percent in 2006. That 
percentage is holding steady. Industrial use of natural gas, the second largest category in the 
U.S., has been declining in usage and as a share of the total market, although it increased 
recently due to low gas prices. Chemical and fertilizer industries, for example, have benefited 
from lower natural gas prices. Residential usage is the third largest category.99 


U.S. consumption varies a lot seasonally with more natural gas being consumed in winter for 
heating as seen in the figure below.100 


 


 


 


 


 


 


 


 


 


 


                                                           
99 U.S. Energy Information Administration 
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Figure 18. U.S. Total Natural Gas Consumption 


 


 


Montana’s Natural Gas Pipeline System 
Three distribution utilities and two transmission pipeline systems handle more than 99 percent 
of the natural gas consumed in Montana. The distribution utilities are NWE, MDU, and Energy 
West, which uses NWE for gas transmission. NWE and the Williston Basin Interstate Pipeline 
(affiliated with MDU) provide transmission service for in-state consumers and, with a handful 
of other pipelines, export Montana natural gas.  Figure __ provides an overview of natural gas 
transmission pipelines in Montana. The red lines show NWE’s transmission system and the 
blue lines are the WBI system serving MDU. Other lines are listed.  Distribution lines are 
typically smaller and serve local customers, whereas transmission lines are larger lines that 
carry gas from production areas to large consumers and the distribution networks of populated 
areas. 


NWE is the largest provider of natural gas in Montana, accounting for almost 60 percent 


of all regulated sales in the state according to annual reports from Montana utilities.101 
NorthWestern Energy serves Montana natural gas customers in 105 communities, and provides 
                                                           
101 It is important to note that regulated sales do not include most of industrial consumption, because 
since 1991, industrial consumption has not been reported due to different reporting requirements and 
processes used by utilities since deregulation.  Regulated sales also do not include gas used for pipeline 
transportation, and gas sales sold to other utilities for resale in Montana, lease and plant fuel, pipeline 
fuel, or fuel used by utilities. 
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gas storage and transmission to other parties. NWE provides natural gas transmission and 
distribution services to about 194,100 natural gas customers in the western two-thirds of 
Montana (including the Conoco and Cenex oil refineries in Billings). These customers include 
residences, commercial businesses, municipalities, state and local governments, and industry. 
NWE’s gas transportation system, both long-distance pipeline transmission and local 
distribution, lies entirely within Montana.102  


NWE’s gas transmission system is regulated by the Montana PSC. The NWE system consists of 
more than 2,000 miles of transmission pipelines, 5,000 miles of distribution pipelines, and three 
major in-state storage facilities. NWE’s system has pipeline interconnections with Alberta’s 
NOVA Pipeline, the Havre Pipeline Company, the Williston Basin Interstate Pipeline Company, 
and the Colorado Interstate Gas Company. The Havre pipeline is partially owned by 
NorthWestern Energy and is regulated by the PSC.103 


NWE supplies gas by purchasing contracts on the market, with various durations of 2 years or 
less. The NWE pipeline system receives gas from both Alberta and Wyoming. The price paid for 
gas in Montana on the northern end of NWE’s system is generally tied to prices in Alberta. The 
price paid for gas coming in on the southern end of Montana’s system is generally tied to prices 
associated with Colorado Interstate Gas. Alberta sends natural gas to Montana primarily 
through NWE’s pipeline at Carway, which ties into TransCanada, and at Aden where it ties in 
with an independent producer. Most gas exported on NWE’s system is exported to Wyoming at 
CIG.104 


NWE’s natural gas delivery system includes two main storage areas. The Cobb storage facility 
is located north of Cut Bank near the Canadian border. The Dry Creek storage facility is located 
near the Wyoming border. Natural gas storage provides a critical supply component during the 
heating season, helps satisfy sudden shifts in demand and supply, and flattens out gas 
production through the year.   


NWE’s natural gas transmission system delivers an average of about 42 Bcf of natural gas per 
year to its customers on average, compared with total annual Montana consumption of nearly 
70 Bcf.105  


In 2016, NWE imported 10.7 Bcf or 57 percent of its 18.7 Bcf of regulated sales.  NWE’s recent 
acquisition of the Bear Paw natural gas field located south of Havre changed the company’s 


                                                           
102 Tom Vivian, NorthWestern Energy, August 2017.   


103 Ibid. 


104 John Canavan, NorthWestern Energy, 2017. 


105 Tom Vivian, 2017 
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procurement mix slightly.  NWE used to obtain a larger percentage of its gas from Alberta, but 
with recent purchases, all of NWE's Montana production is consumed in the state.106 


The NWE pipeline system has a daily peak capacity of 325 MMcf of gas.  Core customers, who 
include residential and commercial business users, use about one-half of the total gas on NWE’s 
system. NWE has the obligation to meet its core customers supply needs. The other half of the 
system’s capacity is used by noncore customers, including industry, local and state 
governments, and by Energy West, which supplies Great Falls. NWE provides only delivery 
service for these noncore customers that contract their own gas supply. Peak gas usage occurs 
on cold weather days when daily demand is often close to peak pipeline capacity. Significantly 
smaller amounts are used during warm weather.107 


There is little unused firm capacity on the NWE pipeline transmission system. No additional 
gas user of significant size, such as a large industrial company, could obtain guaranteed, 
uninterrupted gas delivery on the current system. At times of peak consumer usage, the 
pipeline is full and could not deliver more gas. In other words, the system’s maximum daily 
capacity is matched by peak daily demand. The projected growth rate of natural gas use on the 
system is expected to come from core customers. Over the past decade, NWE has expanded its 
gas transmission capacity by building loops on its current system, which is a second pipe 
running parallel along a main line. Meeting the demands of new gas-fired electrical generation 
or a large new industrial facility would likely require significant additional upgrades to the 
pipeline system. 


MDU is the second largest natural gas utility in Montana and accounts for about 25 to 30 
percent of all regulated natural gas sales in Montana. Its annual sales in Montana are just under 
nine Bcf. It distributes natural gas to most of the eastern third of the state, including parts of 
Billings. MDU uses the Williston Basin Interstate line and NWE pipelines for the transmission 
of its purchased natural gas in the state. The Williston Basin Interstate NWE systems provide 
service for other utilities and are regulated at the federal level by FERC. MDU buys its gas from 
approximately 20 different suppliers throughout the upper Midwest. Of its current gas, MDU 
is purchasing 10 to 15 percent from producing fields in Montana and about 40 to 50 percent of 
its supply from the North Dakota Bakken area. These percentages can change depending on 
seasonal demand. MDU expects future growth to be about 1 percent per year for the near 
future.108 


                                                           
106 John Smith, Manager of Natural Gas Supply, NWE, August 2017. 


107 Tom Vivian, 2017 


108 Bob Morman, MDU, August 2017. 
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Energy west is the third largest natural gas provider in Montana, accounting for about 10 
percent of all regulated gas sales in Montana. Its annual sales are about 3.2 Bcf. It provides gas 
to the Great Falls area and a small amount to West Yellowstone.  


Other operating Montana utilities account for about 1 percent of all gas sales and currently 
include the Cut Bank Gas Company and Havre Pipeline Company. The Northern Border 
pipeline (2.2 Bcf/day capacity), which passes through the northeastern part of Montana, is the 
largest pipeline in the state, but it has only a couple of injection points in Montana.   Northern 
Border feeds the Culbertson Natural Gas Electric Generation Station.  In addition, pump 
stations on the Northern Border pipeline generate heat and that heat is converted to electricity 
at the Ormat Waste Heat station near Culbertson.  The terminus of Northern Border is the U.S. 
Midwest market.  


Measuring Natural Gas Commodity Prices in Montana and 
the U.S. 
Natural gas prices are measured in different ways at different points in the gas supply system. 
The wellhead price is the price of the gas before it is transported from the well. The wellhead 
price for natural gas (which varies a bit from region to region) is set in the national wholesale 
market, which was deregulated by the federal government in 1978. No state, including 
Montana, can regulate or really control this wholesale market. The wholesale gas prices on the 
major gas indices, such as the Henry Hub and AECO Hub in Alberta, reflect the wellhead price 
of gas plus a fee to transport the gas to the particular hub. The Henry Hub Index is measured at 
the Henry Hub in southern Louisiana, a major pipeline interconnection and transshipment 
point. It is one of America’s largest natural gas indices and provides a nationwide price 
reference point. 


While the Henry Hub price appears to be a good approximation of average U.S. wellhead 
prices, other hubs located in relatively remote areas, like  Wyoming and Alberta, can have 
significantly higher or lower prices than the Henry Hub due to their location, local pipeline 
constraints, and local markets.  Recently, price spikes in the Northeastern U.S. during the cold 
winter of 2014 did not occur in the Henry Hub, so price differentials can also occur between 
different areas in the U.S. 


The city gate gas price reflects the wellhead price plus pipeline transmission fees to get the gas 
to a particular locale or distribution system. The delivered gas price paid by customers is the 
city gate price plus local distribution fees and other miscellaneous charges from the utility. 
Transmission and distribution fees are set by utilities, pipeline operators, or both and are 
regulated by state and federal agencies. Natural gas wholesale prices on the major gas indices 
(or the commodity market) are measured in several ways. There are spot market prices for 
immediate sales and market prices for long-term contracts. Spot prices can be volatile and 
typically represent a small portion of market sales.  A ‘futures’ price is the cost of natural gas 







  


 91 


obtained by contract for delivery at some future point at a set price. Larger buyers rather than 
spot prices generally use futures contracts. NWE, as an example, buys much of its natural gas 
for its core customers using longer-term contracts (up to 2 years) to lock in an acceptable price 
and to minimize price risk that can be associated with the spot market. This helps keep the price 
paid by customers relatively stable in a market that can otherwise experience large price 
swings.  All contracts for NWE are tied to the AECO or CIG index prices, so those contracts will 
be tied to the natural gas prices in those markets.109 


Due to its location in the western Canada sedimentary basin, the AECO price is often 
$0.60/MMBtu to $1.50/MMBtu cheaper than the Henry Hub price.110  This has kept Montana 
natural gas prices generally lower than the U.S. average. 


The interplay between the supply and demand of Alberta’s gas generally has the greatest effect 
on the gas prices paid in Montana.  Recently, the increase in gas supply from fracking has also 
brought U.S. prices down significantly. This interplay occurs both on a national level and 
regionally for both supply and demand.  Factors on the supply side that may affect natural gas 
prices include variations in natural gas storage, production, imports, or delivery constraints. 
Storage levels receive the most attention because of the physical hedge that these levels provide 
during high-demand periods. The amount of natural gas in storage often is viewed as a 
barometer of the supply and demand balance in the market. Fracking technology has been the 
dominant price factor recently, increasing supply and lowering price and preventing recent 
long-term price swings.  Indeed, natural gas prices have been relatively stable since about 
2009.111 


Disruptions caused by severe weather, operating mishaps, or planned maintenance can also 
cause short-term tightness in natural gas supply. In the summer of 2005, hurricanes along the 
U.S. Gulf Coast caused more than 800 Bcf of natural gas production to be shut down between 
August 2005 and June 2006.  This was equivalent to about 5 percent of U.S. production over that 
period and about 22 percent of yearly natural gas production in the Gulf of Mexico. Because of 
these disruptions, natural gas spot prices at times exceeded $15 MMBtu in many spot market 
locations and fluctuated significantly over the subsequent months, reflecting the uncertainty 
over supplies.  On the demand side, temperature changes tend to be one of the strongest short-
term influences on gas prices.  In the colder states/regions of the country, residential and 
commercial end users consume more natural gas for heating needs, which places upward 
pressure on prices. Temperatures also have an effect on prices in the summer as usage increases 
for electric generation to meet air-conditioning needs.  Thus, a very hot summer could also raise 


                                                           
109 John Smith, NorthWestern Energy, August 2017. 


110 https://seekingalpha.com/article/3984453-aeco-basis-differential-shrinks-natural-gas-daily 
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natural gas prices.  In Montana, the highest residential and commercial prices are in the summer 
and industrial prices are flat throughout the year, generally tracking city gate prices. 


The prices and market conditions for related fuels also have an effect on natural gas. 
Historically in the U.S., most base load electric generation has been delivered from coal, nuclear, 
and hydroelectric generation. Because natural gas tends to be a higher-cost fuel, natural gas-
fired power stations were traditionally used to cover mostly incremental power requirements 
during times of peak demand or sudden outages of base load capacity. This is changing as an 
increasing amount of new electricity is fueled by natural gas nationwide. The shift is due to 
lower gas prices, lower emissions from gas plants compared to coal (and thus less regulation); 
low initial capital cost for gas plants compared to new coal and nuclear plants, a fast online 
time, and needed versatility provided by certain natural gas plants to ramp electric output up 
and down. 


Economic activity also is a major factor influencing natural gas markets. When the economy 
improves, the increased demand for goods and services from the commercial and industrial 
sectors generates an increase in natural gas demand. The trend is prevalent in the industrial 
sector, which uses gas as both a plant fuel and a feedstock for many products, like fertilizers 
and pharmaceuticals. The recent recession lowered natural gas prices, as industrial usage was 
down. Industrial usage has recently increased to a higher level than before the recession, and 
prices have stayed relatively constant. 


Natural Gas Prices in Montana 
Until the late 1970s, delivered gas prices in Montana were relatively low, about $6/mcf in 
today’s dollars (actual dollars adjusted for inflation). Delivered prices rose considerably 
through the mid-80s and mostly settled in the $8-$12/mcf range using today’s dollars (Figure 
12). In the 1990s, the delivered prices hovered around $8/mcf. From 2000-2004, delivered gas 
prices started increasing and showing more variation, rising up to an average of more than 
$10/mcf for certain years in Montana. Since late 2005, prices have declined to historical lows. As 
of July 2016, NWE residential customers pay an average delivered gas price of $7.26/mcf.112 
Figure 20 shows delivered natural gas prices in Montana adjusted for inflation through 2016 
and reported in constant 2016 dollars. The delivered prices are the prices residents and 
businesses see in their final energy bill reflecting all charges.  The U.S. delivered price of natural 
gas averaged just over $10.06/mcf in 2012.113   


 


                                                           
112 NWE natural gas rates, 
http://www.northwesternenergy.com/documents/MT_Rates/Gas/gsummaries.htm. 


113 U.S. Energy Information Administration, http://www.eia.gov/naturalgas/. 
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Figure 19. Delivered Price of Natural Gas in Montana Adjusted for Inflation, 1960-2016  
(in 2016 dollars) 


 


Transmission utilities in Montana, the major utilities being NWE and MDU, are prohibited from 
earning any profit on the cost of natural gas they purchase. The commodity cost of the gas is 
simply passed on to its customers. If gas costs increase, they are passed on to customers, and if 
gas prices go down, the savings are also passed on to customers.   Utilities earn their profit 
through a return on capital investment, including the gas transmission and distribution 
systems, that is regulated by the Montana Public Service Commission.   


The average price of gas purchased by NWE, MDU, and Energy West reflects current gas 
market conditions, and that price is constantly changing.  Any price change requested by NWE 
and MDU must be approved by the PSC in what is called a tracker hearing. A tracker hearing 
covers only the cost of purchased gas and not any of the other costs of the utility. Trackers 
usually are routine procedures, but they can be contentious. NWE computes a new tracker each 
month to reflect the gas costs it incurs in order to supply its customers.  It is important to note 
that the purchased cost of gas includes transportation costs to the utility’s delivery system and, 
for NWE, variable operating costs associated with owned production properties. 


Natural gas prices for Montana consumers are currently in the middle range of historical prices. 
The average monthly gas bill for an NWE residential customer (based on an average usage of 
100 therms per month) went from $70.89 in 2002 to $128.83 in April 2006.  In 2013, the monthly 
bill was about $90 and in 2017, the average monthly bill is about $78 per month.114 The monthly 


                                                           
114 http://www.northwesternenergy.com/account-services/whats-included-in-your-total-bill/tariffs-and-
rates/rate-comparison-tool  
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gas bill for an MDU customer went from $47.60 in January 2002 to $92.29 in April 2006. It was 
about $59 in 2017.  115 


Due to natural gas deregulation, most large industrial customers in Montana contract for gas 
directly with MDU and Energy West or with other independent suppliers. Industry still uses 
the local utilities for distribution and transportation services. The gas price for each industrial 
customer depends on each specific contract, the gas supplier, and the ability of the industry to 
switch from natural gas to some other fuel if prices get too high. Four of the largest natural gas 
users in Montana are the four oil refineries in and near Billings and Great Falls. Plum Creek 
Manufacturing, REC near Butte, and Basin Creek Power Services are also large users in 
Montana. Montana’s major natural gas transmission pipelines also use large amounts of natural 
gas to pump the product over long distances at appropriate pressures. The refineries in Billings 
have some flexibility in switching fuels to run operations, so they may not be hit as hard by 
higher gas prices as other industries. Other large customers, like Montana State University, 
have less flexibility to switch fuels. Large gas users who buy gas on the spot market, like 
Montana State University-Billings, could be hurt by high prices and price swings, while other 
industrial customers with longer-term contracts at lower prices are partially insulated. 


Recent Developments  
Bakken Production 
Fracking will likely keep prices relatively low in the short term and supply high. It may also 
increase domestic production and lower the amount of natural gas coming from the Gulf.  It 
also will likely keep imports low in the near future and may lead to increased U.S. exports. 


Natural gas production has greatly increased in Richland County bordering North Dakota, 
although this boom has been muted lately with low oil and gas prices. The production in the 
Bakken has been from associated gas that is produced as a byproduct of oil production, as 
opposed to the traditional natural gas wells in the north-central part of the state. Richland 
County is on the edge of the Bakken boom in North Dakota, and oil production, as well as 
associated gas production, has boomed in the past few years, although not nearly as fast as the 
boom in North Dakota. Over time, more natural gas is being captured and less is being flared 
into the atmosphere in that area. 


Peaking Plants Locally and Nationwide 
The Dave Gates Generating Station (DGGS) is a natural gas fueled electric generation plant used 
for regulation services.  It has a 150-MW capacity and is located near Anaconda. The plant, 
which began commercial operation in 2011, provides energy necessary to maintain NWE’s high-
voltage bulk transmission network in Montana. Electricity is a dynamic resource and demand 
fluctuates on a moment-by-moment basis. The electricity network needs to meet demand at all 


                                                           
115 https://www.montana-dakota.com/docs/default-source/rates-tariffs/mTNaturalgasratesummary  



https://www.montana-dakota.com/docs/default-source/rates-tariffs/mTNaturalgasratesummary





  


 95 


times while maintaining voltage and reliability requirements. The electricity generated at DGGS 
meets this demand around the clock, resulting in a stable, reliable transmission network and 
reducing NWE's reliance on outside providers for transmission regulation. DGGS provides 
additional flexibility to integrate Montana renewable power into the existing transmission 
system.  There has recently been talk about appropriating a share of DGGS for base load 
operations if the hydro dams take on more of the regulating function. 


In April of 2015, natural gas overtook coal as the primary fuel for electric generation in the U.S. 
for the first time ever, and 2016 was the first year in which natural gas produced more 
electricity than coal. Currently, coal and natural gas produce approximately equal amounts of 
electricity with fluctuations based largely on changes in fuel prices.   More gas generation plants 
could stress the U.S. natural gas transmission system. A recent analysis by E3 has shown that 
natural gas transmission pipeline capacity in the U.S. West is currently sufficient to handle 
increasing natural gas fired electricity except under the most extreme weather and pipeline 
failure conditions.116  This is different from the situation in the Northeastern U.S. where the 
infrastructure is currently underbuilt and price fluctuations are often seen during cold snaps.  In 
all parts of the nation, the natural gas system will have to be run with more flexibility to serve 
increasing demand and diverse end users. 


The convergence of the electricity and natural gas markets has implications for regional 
electricity and natural gas utility systems. New electrical generation facilities that do not use 
natural gas, for example, will be more attractive options in terms of energy diversity. For 
example, most utilities in the Northwest have acquired wind generation, in part because of the 
hedge that fixed-priced wind power could provide against volatile natural gas prices.  On the 
other hand, natural gas is still preferred for new electric generation due to its relatively low 
initial capital costs, flexibility in ramping up and down, lower emissions than coal, and recent 
stability in prices. 


Future Price Increases and Price Volatility 
Although natural gas prices are expected to slowly increase over time, Montanans may be 
subject to increasing price volatility from extreme or unexpected events.  One reason for 
potentially greater price volatility in Montana is that the integrated U.S. market results in all of 
the U.S. feeling the effects of unexpected events worldwide, like cold snaps and political 
turmoil. Foreign supplies of natural gas could be harder to come by as India and China continue 
to grow rapidly and the Middle East and former Soviet Union continue to experience political 
turmoil.  Because the U.S. is increasingly becoming self-sufficient in natural gas supply, and 
extreme price volatility has not been seen in the past few years. 


                                                           
116 Natural Gas Infrastructure Adequacy in the Western Interconnection: An Electricity System 
Perspective, E3. 
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Over the past 15 years, wholesale electricity and natural gas prices also have become intimately 
linked. Natural gas power plants command a significant majority of new electric installed 
capacity in the West, followed at some distance by wind.   


Natural gas prices influence electricity demand because they are substitute sources of energy 
for space and water heating. They also are potential fuels for electrical generation.117  The 
increasing convergence of the electricity and natural gas markets means that extreme events are 
likely to simultaneously affect both electricity and gas markets. 


Utilities and industry can reduce price risks by buying natural gas at fixed prices, using long-
term, and futures contracts. They can also store gas to prevent having to buy on the spot 
market. Residential and commercial customers can use budget billing to even out gas bills over 
a given billing year, although this does not protect a customer from yearly fluctuations. 
Customers can also use less gas through weatherizing and behavioral changes. Electricity 
efficiency improvements and demand side management may be the biggest bang for the buck to 
reduce natural gas demand and alleviate price fluctuations.  


Recent trends in natural gas markets point out three lessons for Montana. First, natural gas 
prices are affected by a number of factors beyond the state’s control. Second, the growing use of 
natural gas for electricity generation has the potential to upset the traditional, seasonal patterns 
of natural gas storage and withdrawals in Montana. Finally, to the extent that the western 
United States depends on natural gas for new electricity generation, the price of natural gas is a 
key determinant of future electricity prices.  


 


 


 


 


 


 


 


 


 


                                                           
117 Northwest Power and Conservation Council.  Revised Draft Fuel Price Forecasts for the Fifth Power Plan, 
April 22, 2003. 
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During the 2016 fiscal year, Montana produced about 25.8 million barrels of crude oil, worth 
more than $888 million in gross value.118 This oil production accounted for the majority of the 
$85 million in oil and gas production tax revenue collected by Montana.119  Approximately 
ninety-five percent of Montana’s crude oil production is exported to other states, primarily 
North Dakota and Wyoming, while 88 percent of the crude oil refined in Montana is imported 
from Canada with another 9 percent coming from Wyoming.  


The state is home to four refineries, three in the Billings area and another in Great Falls. In total, 
Montana’s refineries have the capacity to refine 205,100 barrels/day (bbl/day) of crude oil.  In 
2016, Montana’s four petroleum refineries exported 37 percent of their refined liquid products 
to Washington, North Dakota, Wyoming, and additional points east and south. This is slightly 
below the five-year average of exporting 39 percent of the refined output. Crude oil receipts at 
Montana’s four refineries totaled 66.5 million barrels in 2016.  Montana consumed about 31.5 
million barrels of refined petroleum products in 2015, which included refinery usage.  


Production History 
Oil production in Montana arrived somewhat later than neighboring states. The likely first oil 
wells drilled in Montana were in the Butcher Creek drainage between Roscoe and Red Lodge, 
beginning in 1889. Nonproducing wells were drilled within today's boundaries of Glacier 
National Park in the early 1890s. The state’s first oil boom was a discovery in what geologists 
refer to as the Middle Mosby Dome at Cat Creek, a tributary of the Musselshell River east of 
Lewistown. Oil was drilled and collected there in early 1920. By 1921, the Cat Creek area 
accounted 1.3 million barrels (1 barrel = 42 gallons) of production. That was soon followed by 
the Kevin Sunburst field discovery in 1922. That field would lead production from about 1925 to 
1935. A bit west, the Cut Bank oil fields were developed in the mid-1930s and led the state well 
into the 1950s when oil was discovered in the Williston Basin around 1955. Oil fields were 
developed in the Sweetgrass Arch in northern Montana, the Big Snowy Uplift in central 
Montana, the northern extensions of Wyoming's Big Horn Basin in southcentral Montana, and 
the Powder River Basin in southeastern Montana.  


                                                           
118 Montana Department of Natural Resources and Conservation, Oil and Gas Conservation Division, 
Annual Review; Montana Department of Revenue, Biennial Report, 2014-2016. 
119 Montana Department of Revenue, Biennial Report, 2014-16, p. 123 
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Montana's petroleum production peaked in 1968 at 48.5 million barrels, the result of cresting 
Williston Basin production combined with a surge of production from the newly discovered 
Bell Creek field in the Powder River Basin. Production then declined quickly until 1971, when 
a series of world oil supply shocks began to push crude oil prices upward, stimulating more 
drilling that would partially offset production declines through the remainder of the 1970s. 


 


World oil price shocks following the Iran crisis in 1979 sparked a drilling boom, which peaked 
at 1,149 new wells of all types in Montana in 1981. That year, the average price of Montana 
crude climbed to almost $35 per barrel. While the increase in the price of oil encouraged more 
drilling, it did little to increase Montana production. The drilling boom of the early 1980s 
produced a high percentage of dry holes and was able only to delay the slow decline of 
statewide production. 
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Figure 20. Historical Montana Oil Production
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Output increased in the Williston Basin during the early 1980s, but this was matched by a 
steep decline in output from other areas. Production declined significantly following the drop 
in world oil prices in 1985, stabilizing at about 16 million bbl/year in the mid-1990s. After 
1999, oil production increased sharply as horizontal drilling and hydraulic fracturing 
techniques began to be implemented more widely in the Williston Basin. 


Montana’s recent oil production boom peaked in 2006 when production exceeded 36 million 
barrels. This was up from a recent historical low of 15 million barrels of oil produced in 1999. 
More than 50 percent of the 2006 oil production was from the Elm Coulee field in Richland 
County, part of the larger Bakken formation. While reserves in the area were well known, 
horizontal drilling techniques, a method that includes drilling a vertical well and then “kicking 
out” horizontally through the oil-bearing rock formation, were critical in making the field 
economical to develop. The horizontal well innovations used in the Elm Coulee field would go 
on to be used to great effect in North Dakota to develop the larger Bakken oil field. 
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Figure 21. Historical Montana Oil Production and Well 
Completions
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Figure 22. Montana Monthly Oil Production - Vertical vs. Horizontal Wells, 1986-2016 


 


Source: Montana Board of Oil and Gas, 
http://www.bogc.dnrc.mt.gov/Misc/Statistics/Production/170619_HorizontalvsVerticalOil.pdf 


The Williston Basin, which covers parts of eastern Montana, North Dakota, South Dakota, and 
Saskatchewan and includes the Bakken and Three Forks formations, is one of the newest large 
oil-producing regions in the country to produce hundreds of millions of barrels of oil annually. 
The Williston Basin’s production peaked at more than 1.2 million barrels of crude oil 
production per day in 2014 before production receded with the crash in crude oil prices in the 
fall of 2014. However, Montana’s oil production represents only a small portion of the recent oil 
production from the larger Williston Basin. Once Montana’s Elm Coulee Fields production 
peaked in 2006, most of the drilling and production attention shifted to the middle of the 
Bakken formation in North Dakota ahead of the region’s overall production peak in 2014. 
Drilling activity did notice the Montana side of the border from 2011 to early 2014 as high oil 
prices and infrastructure limitations in North Dakota led to drilling activity spreading away 
from the center of the Bakken field. With the collapse of crude oil prices in 2014, drilling 
throughout the Bakken region receded quickly and only began to return in late 2016.  


 



http://www.bogc.dnrc.mt.gov/Misc/Statistics/Production/170619_HorizontalvsVerticalOil.pdf
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In total, the U.S. Geological Survey (USGS) estimated in April 2013 that the Williston Basin has 
technically recoverable oil reserves of 7.4 billion barrels, up from the USGS’s prior estimate of 
3.65 billion barrels in 2008. The upward revision was largely driven by a reassessment of the 
technical potential of the Three Forks formation, which lies beneath the Bakken formation, 


because of technology and drilling developments since 2008. 


 


After Montana’s recent oil production peak of 36.3 million barrels in 2006, annual oil production 
slid by a third by 2011 before going through a second, smaller boom beginning in 2012, reaching 
29.9 million barrels in 2014. Over the past decade, Montana’s drilling rig activity has been 
largely focused in the western Bakken formation, but exploratory wells have also been drilled in 
central and northern Montana as additional geologic formations that might lend themselves to 
horizontal drilling and hydraulic fracturing techniques are explored. In addition, the 
application of enhanced oil recovery techniques in the Bell Creek field in the Powder River 
Basin region has resulted in a small production increase for the region from 326,000 barrels 
produced in 2013 to 1.375 million barrels produced in 2016. However, with the price of crude oil 
plummeting in late 2014 and with recent-year oil prices stabilizing in the $45 to$60 per barrel 
range, drilling activity has retreated to more proven oil fields like the central Bakken of North 
Dakota and the Permian and Eagle Ford fields of Texas. Until crude oil prices spike upward 
again, it is unlikely that Montana will see significant oil exploration or new drilling. 


Pipelines 
Three crude oil pipeline networks serve Montana’s petroleum production regions. One network 
owned by True Companies bridges the Williston and Powder River Basins in the eastern part of 
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Figure 23. Oil Production vs. Price, 1960-2016
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the state.  The Front Range and Glacier Pipelines in Central Montana primarily move crude oil 
from Canada to Montana refineries in Billings and to points further on in Wyoming. Enbridge’s 
Express pipeline in the same general area transports western Canadian crude through central 
Montana to Casper, Wyoming with very little of that crude offloaded in state. In addition to the 
state’s crude oil pipelines, three major refined petroleum product pipelines operate in the state, 
delivering refined petroleum products to many of Montana’s larger cities as well as exporting 
products for use in neighboring states. 


The majority of oil production in Montana occurs in the Williston Basin of eastern Montana, 
which is not connected by crude pipelines to Montana’s four refineries. As a result, in 2016, 
more than 95 percent of Montana oil production was exported from the state, mostly to 
Wyoming and the Dakotas, through the eastern Montana pipeline system or through unit train 
shipments originating out of western North Dakota. 


 


Figure 24. Map of Montana Petroleum Pipelines 


 


 


Most of the petroleum produced from the Elm Coulee field in Richland County is transported 
east and joins North Dakota Bakken oil production, where it is transported through 
Enbridge’s North Dakota pipeline system. The completion of the Dakota Access pipeline in 
2017 has increased North Dakota pipeline capacity by 470,000 barrels per day, significantly 
reducing the amount of Bakken crude oil that needs to be transported by rail. 
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Plans also exist for additional crude oil pipelines to traverse eastern Montana in order to 
increase the crude oil transportation capacity out of both the Athabasca oil sands region of 
Canada and the Williston Basin region of North Dakota and Montana. Most notably, 280 miles 
of the proposed 1,980-mile Keystone XL Pipeline would pass through northeastern Montana as 
part of its route from Hardisty, Alberta, to Steele City, Nebraska. If built, the Keystone XL 
pipeline is expected to have an on-ramp for Bakken oil production near Baker.   


 


Figure 25. Existing Refined Product Supply Network in Montana and Neighboring States 


 


 


The rapid increase in Bakken oil production within North Dakota temporarily resulted in oil 
companies significantly increasing their use of the region’s railways to transport Bakken oil. In 
2013, a majority of Bakken oil production was transported by rail rather than pipeline, heading 
south and east toward Gulf Coast and Mid-Atlantic oil refineries. Rail shipments peaked in 2014 
before decreasing year over year. After the Dakota Access pipeline began operation in 2017, 
train shipments of crude oil from the Bakken region totaled less than 10 percent of the region’s 
production. Seventy percent of the remaining Bakken rail shipments are destined for the U.S. 
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west coast due to the region’s lack of pipeline access. As a result, many oil trains continue to 
traverse the length of Montana on their way to Washington, California, and British Columbia.  


Crude oil shipment by rail hasn’t occurred without incident in Montana. Between 2007 and 
2016, the state’s petroleum pipelines reported 12 significant incidents in which petroleum or 
refined petroleum products were spilled, totaling 5,877 gross barrels of petroleum spilled and a 
total of $160 million in property damage.120  


The most significant oil spill in terms of property damage during that period was the 2011 spill 
from ExxonMobil’s Silvertip Pipeline at Laurel. The 1,509 barrels of crude oil spilled occurred 
when the pipeline broke underneath the Yellowstone River, contaminating an 85-mile stretch of 
the river and resulting in over $145 million of property damage.121 


Less significant pipeline spills can still disrupt the Montana petroleum industry. The January 
2015 pipeline spill on True Oil’s Poplar/Bridger pipeline, which runs north to south through 
eastern Montana, resulted in 758 barrels of oil spilling into the Yellowstone River just west of 
Glendive, temporarily contaminating the community’s drinking water supply. The spill cost 
True Oil more than $8 million in cleanup costs, including $1 million in penalties and 
supplemental environmental projects. The pipeline only returned to operation weeks after the 
spill when a new, deeper pipeline path under the Yellowstone River was drilled. 


In recent history, the only Montana crude oil spill resulting from a train derailment occurred in 
2015 when an oil unit train east of Culbertson spilled 650 barrels. No waterways were affected 
and no other significant environmental impacts were reported because of the spill. 


History of Oil Refineries 
Montana’s earliest oil refining followed production. The first oil refinery was a small facility 
built in the Cat Creek area out of parts scavenged from large steam-powered tractors. Two 
formal refineries were soon constructed at Winnett near the Cat Creek strike. One operated 
intermittently into the early 1930s. An astounding number of oil refineries were built in 
Montana during the early decades of oil development and largely followed development of oil 
fields, beginning with Cat Creek and the larger Mosby Dome in the 1920s. These “tea kettle” 
refineries were installed close to the oil strikes. Even by the standards of the day, they were 
inefficient, skimming gasoline off the light oils that sometimes achieved a yield rate of only 50 
percent. The remaining kerosene-type fuel oil was sold to the railroad with some residual tars 
marketed locally.122 


                                                           
120 U.S. Department of Transportation, Pipeline & Hazardous Materials Safety Administration, 
https://hip.phmsa.dot.gov/analyticsSOAP/saw.dll?Portalpages. 


121 U.S. Department of Transportation, Pipeline & Hazardous Materials Safety Administration, 
https://hip.phmsa.dot.gov/analyticsSOAP/saw.dll?Portalpages. 
122 A History of Petroleum County, 1989. 



https://hip.phmsa.dot.gov/analyticsSOAP/saw.dll?Portalpages

https://hip.phmsa.dot.gov/analyticsSOAP/saw.dll?Portalpages
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Lewistown had two refineries by the early 1920s, both operated until the early 1940s. Two 
Kevin-Sunburst refineries and two near Cut Bank were built in the 1930s. Construction of 
refineries along transportation corridors outside of oil fields included ones in Great Falls, Butte, 
Missoula, and Kalispell. Yale Oil started a refinery in Billings and the Laurel Oil and Refining 
Company built another down the road in Laurel, both dating from about 1930. These refineries 
processed oil from fields in northern Wyoming. 


The war years further consolidated refining. According to the U.S. Bureau of Mines, 28 
refineries operated in Montana at the outset of World War II in 1941; by 1947, there were only 
11. In 1961, nine refineries operated at least seasonally in the state. Additional refineries 
continued to close through the 1960s and 1970s as the state’s refining industry consolidated in 
Billings.  


The development of Billings as a refining center saw the rise of refined pipelines to export 
product out of Montana. The Yellowstone Pipeline from the Billings refineries (owned by 
Phillips 66) west to the Spokane area was completed in 1954. The 425-mile Oil Basin Pipeline 
(now Cenex) from Laurel to Minot, North Dakota was also built around this time. Phillips 66 
also owns the Seminoe Pipeline that runs south from Billings into Wyoming. 


Oil Refineries 
Four petroleum refineries currently operate in Montana with a combined refining capacity of 
205,100 bbl/day: ExxonMobil (61,500 bbl/day) and Phillips 66 (60,000 bbl/day) in Billings, CHS 
(59,600 bbl/day) in Laurel and Calumet Montana Refining (24,000 bbl/day) in Great Falls. 
Montana refineries typically refine 63-68 million barrels of crude oil a year.  


A decade after the merger of Conoco Inc. and Phillips Petroleum Co. in 2002, ConocoPhillips 
spun off its downstream assets (refining and distribution) in 2012 by creating the Phillips 66 
holding company. Phillips 66 now operates the Billings refinery previously operated by 
ConocoPhillips, as well as the Seminoe and Yellowstone refined product pipelines that deliver 
refined petroleum products south and west from Billings.  ExxonMobil also uses the 
Yellowstone Pipeline. 


CHS owns one of the three large refineries in the Billings area.  They own the Cenex Pipeline 
LLC refined product pipeline that runs east from Billings to North Dakota.  They also own the 
Front Range crude line that runs south from Canada.  Exxon owns the other large refinery in the 
Billings area and the Silvertip crude pipeline that delivers crude oil from Wyoming. 


In 2012, Calumet Specialty Products Partners purchased the Montana Refining Company in 
Great Falls from Connacher Oil and Gas Limited of Canada. Calumet completed a $400 million 
expansion and upgrade of the Great Falls refinery, increasing its operating capacity to 24,000 
bbl/day. CHS, ExxonMobil, and ConocoPhillips/Phillips 66 have all invested hundreds of 
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millions of dollars in recent years to improve the efficiency and performance of their respective 
refineries in Montana in order to increase their output of high-value refined products without 
increasing crude oil consumption.  


Today, Montana’s refineries are primarily refining Canadian crude oil. Shipments from Canada 
have steadily increased since the late 1960s. As Montana’s refining capacity has increased, 
imports of Wyoming crude have declined, and Montana’s oil production has shifted away from 
areas neighboring the refineries (Figure 21). Between 2012 and 2016, 2.2 percent of the crude oil 
processed at Montana refineries was Montana crude from oil fields in the Sweetgrass Arch, Big 
Snowy, and Big Horn regions of the state. Collectively, 88 percent of the refinery crude inputs 
came from Alberta, Canada, and 9 percent from Wyoming.  


 


Almost all refined output from Montana’s four refineries is moved by pipeline. The Billings 
area refineries ship their products to Montana cities and east to Fargo, North Dakota (Cenex 
Pipeline), to Wyoming and further south (Phillips 66 Seminoe Pipeline), and west to Spokane 
and Moses Lake, Washington (Phillips 66 Yellowstone Pipeline). Montana refinery exports of 
refined petroleum products meet more than a third of Wyoming’s gasoline and distillate fuel 
consumption, more than a fifth of North Dakota’s, and more than a tenth of Washington’s.123 


Petroleum Products Consumption 
After peaking in 2007, Montana’s consumption of petroleum products declined by more than 18 
percent from 2007 to 2010 before leveling out between 31.5 and 33 million barrels of petroleum 
                                                           
123 U.S. Energy Information Administration State Energy Data System (SEDS), 
https://www.eia.gov/state/seds/.  
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Figure 26. Refinery Receipts by Source of Oil, 1960-2016
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products consumed annually since 2011. Montana’s annual petroleum consumption initially 
peaked at 33 million barrels in 1979. It then drifted lower, settling in the mid-1980s at around 24 
million bbl/year. Beginning in the 1990s consumption began to slowly climb once more, hitting 
a new high of nearly 38 million barrels in 2007. The decline in petroleum consumption since 
2007 is a result of both the economic recession, changes in industry, and broader national 
economic trends, including declining use of personal vehicles and improved fuel economy for 
new vehicle purchases (Figure 22). 


The transportation sector is the single largest user of petroleum and the second largest user of 
all forms of energy in Montana. In 2015, 40.5 percent of petroleum consumption was in the form 
of motor gasoline and 27 percent was distillate, mostly diesel fuel. Around 17 percent was 
consumed in petroleum industry operations. 


 


While Montana gasoline consumption actually peaked in 1978 at more than half a billion 
gallons before declining in response to the 1979 oil crisis, recent growth in Montana gasoline 
consumption left Montana 100,000 gallons short of reaching its 1978 peak in 2015. Flat through 
most of the 1980s, Montana gasoline consumption began to consistently rise once more in the 
1990s, which continued unabated until the 2007 economic recession. Beginning in 2012, the 
upward trend in Montana gasoline consumption resumed, reaching a level of 537 million 
gallons of gasoline consumed in 2015. In 2015, 90 percent of Montana motor gasoline 
consumption was for highway vehicle use, while non-highway vehicles consumed most of the 
remaining 10 percent. Similarly, the last two years of data for diesel consumption in Montana 
have been the two highest on record, exceeding the previous peak recorded in 2007. Over the 
1996-2015 period, diesel consumption in Montana has increased by 84 percent. 
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Figure 27. Montana Petroleum Product Consumption, 1960-2015
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Between 1999 and 2010, national crude oil prices remained highly volatile, rising from an 
annual average of $15.56 per barrel in 1999 to a prerecession annual average peak of $94.04 per 
barrel in 2008.124 At its peak in July 2008, crude oil was trading at $145 per barrel before the 
economic recession caused global crude oil prices to plummet below $35 per barrel in February 
2009. Crude prices again surpassed $100 per barrel in April 2011 and largely hovered between 
$85 and $100 per barrel until late 2014 when prices crashed once more. Crude prices hit a new 
floor in February 2016 and have slowly risen since then but have yet to exceed $60 per barrel 
nationally as of late 2017. As can be seen in Figure 28, all of these market fluctuations have had 
a significant impact on the prices being paid at Montana gas pumps. 


Fuel use shows a cyclical rise and fall through the year. Use tends to rise during the summer 
months and taper off during the winter. The winter trough in fuel use is a third lower than the 
summer peak. This seasonal pattern is caused by variations in the use of Montana’s 1 million 
vehicles, by the increase in tourist traffic during the summer, and by seasonal agricultural uses. 


The price of gasoline can vary significantly around the state, a fact that is masked by the data, 
which is available only as statewide averages. The price of gasoline has a cyclical rise and fall, 
just like demand for gasoline; however, price lags behind demand, with peak prices tending to 
appear after the peak driving season.  


 


 


                                                           
124 http://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=pet&s=f000000__3&f=m 
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Figure 28. Retail Price of Gasoline in Montana, 1990-2017
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Petroleum production and state revenue 
There are various tax rates for oil and gas production in Montana based on the type of well, 
type of production, working or non-working interest, date when production began, and the 
price for which the crude oil is sold. This last point is important because crude oil from the 
northern Rockies and upper Midwest, including the Bakken region, frequently trades at a 
discount ($5-$15 per barrel) to West Texas Intermediate (WTI) prices because of limited pipeline 
capacity before the Dakota Access pipeline began operation in 2017 and higher rail costs to 
transport the oil production to key trading hubs. Despite the discounted price for Montana oil 
production, overall increases in oil production and crude oil prices between 2004 and 2014 
provided the state with substantial tax revenues.  With the fall of oil prices, and resulting slide 
in Montana oil production, Montana tax revenue from the oil and gas industries has fallen 
significantly in fiscal years 2015 and 2016.  


 


Since Jan. 1, 2006, approximately 50 percent of the revenue generated from oil and natural gas 
production taxes has been returned to the local county governments where the revenue was 
generated. Most of the remaining revenue is directed to the state’s general fund. Small 
percentages of oil and gas production revenue are directed to specific state accounts to help 
fund particular interests, like natural resource protection and the state university system.125  


 


                                                           
125 Montana Department of Revenue, Biennial Report, 2014-16 
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Figure 29. Oil & Natural Gas Production Tax Revenue, 1980-2016
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In 2015, state tax revenue from oil and natural gas revenue began to drop precipitously, the 
result of both renewed oil production declines in Montana and significantly lower oil prices. 
Increased pipeline capacity in North Dakota may allow the Bakken region’s oil production to be 
sold closer to the West Texas Intermediate benchmark price in the future. However, this impact 
is small when compared to the halving of crude oil prices over the last five years. Unless there is 
an oil drilling resurgence in the state, future tax revenue from the oil and natural gas sectors 
will be dictated by the prices at which each commodity are sold. Both oil and natural gas have a 
history of significant price volatility but, as of 2017, both are forecast to rise in price moderately 
over the next several years, diminishing the potential that Montana tax revenue generated from 
oil and natural gas production will rise to the  2006 to 2014 average of nearly $200 million. 
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greenhouse gases can have such an extraordinary impact on our climate.  Accordingly, as other commenters have suggested, summarize the
current science that is the basis for the Plan in an expanded Introduction.  Such skepticism is still articulated in the official positions of all the
current PSC Commissioners and all the members of our Congressional Delegation.    

Here is my best effort, offered as input to those on the Council far better qualified.    

It integrates the views of Dr. Roy Spenser and those who support his positions, with those of Dr. James Hansen, and those who support his
positions.  Both are former renown NASA scientists.   Dr. Spenser has a B.S. in atmospheric sciences and an M.S. and Ph.D. in meteorology. 
Dr. Hansen has a B.A. in Physics and Mathematics, an M.S. in Astronomy and a Ph.D. in Physics.  Both have mid-western roots.  Dr. Spenser
received all of his higher education at the Universities of Michigan and Wisconsin while Dr. Hansen received all his at the University of Iowa.  I
believe Dr. Spenser and Dr. Hansen have extraordinary intellectual integrity.  I believe the vast majority of persons of influence who support
each side share a common aspiration: to find the best way to develop our energy resources and systems to improve the human condition and
advance civilization.  Accordingly, I have done my best to avoid insulting or inflammatory rhetoric.       

The fundamental area of scientific consensus between Dr. Spencer and Dr. Hansen, and the rest of the scientific community, is that relatively
minor amounts of greenhouse gases have an extraordinary impact on the climate system.  Dr Spenser: 
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The fundamental difference between Dr. Spenser’s opinion and that of Dr. Hansen is the extent of observed warming that is the result of
burning fossil fuels to power the advance of civilization.  The question isn’t whether there is a human influence on the natural greenhouse
effect, but how much and how fast is it accelerating given the exploding demand for fossil fuel energy particularly in the developing world. 

In her recent written statement Dr. Cathy Whitlock, Montana State University Regents Professor, lead author of the 2017 Montana Climate
Assessment, and the first Montana scientist elected to the National Academy of Sciences, explained we have been able to determine the
contributions of carbon dioxide, methane and other greenhouse gasses from all natural causes, before man had any measurable impact, by
examining greenhouse gasses present in air bubbles trapped in Antarctica ice.  Plants, obviously, are the primary means by which carbon
dioxide is removed and oxygen released through photosynthesis, and at night only about half that carbon dioxide is then released through
respiration.  The primary way carbon dioxide is removed from the atmosphere is through carbon storage in plants, particularly forests.

Dr. Whitlock: “Current climate change exceeds anything that we have witnessed over the last 800,000 years.  The physical geological evidence
of past climate change during glacial-interglacial cycles is unmistakable on the landscapes upon which we built civilization.  During glacial
periods, so much land was covered in ice sheets that sea level was nearly 300 feet lower than today, which is in a warm interglacial period. 
These cycles have been initiated by variations in the amount of sunlight reaching earth over tens of thousands of years.  Given where earth is
in those cycles and short-term variations in sunspot activity, our climate should be cooling, but instead it is rapidly warming.  Building on
nearly two centuries of climate scientific work, and incorporating current analyses, there is a scientific consensus the global temperature
increase is linked, with 99.99% certainty, to increased greenhouse gases (GHGs) in the atmosphere, chiefly due to burning fossil fuels to
power civilization.  From examining GHGs present in air bubbles trapped in Antarctica ice, we know this increase is unprecedented.  Up until
200 years ago, concentrations of the major atmospheric GHG’s, carbon dioxide (CO2) and methane (CH4), had not exceeded about 280 ppm
and 790 ppb, respectively, for 800,000 years.  CO2 reached 407.4 ppm and continues to rise.  Methane, which is a twenty-five times more
powerful GHG, pound-for-pound, than CO2, now exceeds 1,866 ppb.  GHGs, like window glass, allow sunlight to pass through but reflect back
heat.  That’s why the inside of your car heats up when the sun is out and the windows are closed.  Open the windows, the heat escapes.”

The variations in the amount of sunlight reaching earth over tens of thousands of years and the impact on climate referred to by Dr. Whitlock,
are explained by Milankovitch theory.  As I understand, over just the past 800,000 years (Earth’s most recent history) this astronomical theory
says orbital and axial variations of Earth have influenced the initiation of climate change in repeating 100,000-year cycles known as ice-ages. 
Within each ice age, we have been spending around 80% in a cold (glacial) period and 20% of the cycle in a warm (interglacial) period,
depending on where we are in these cycle influences.  The Earth's axis completes one full cycle of precession approximately every 26,000
years.  At the same time, the elliptical orbit rotates more slowly.  The combined effect of the two precessions leads to a 21,000-year period
between the astronomical seasons and the orbit.  In addition, the angle between Earth's rotational axis and the normal to the plane of its
orbit (obliquity) oscillates between 22.1 and 24.5 degrees on a 41,000-year cycle.  It is currently 23.44 degrees and decreasing.  This leads to
the conclusion, given where Earth is in its current cycle and short-term variations in sunspot activity, our climate should be cooling rather
than warming.

Applying that reasoning, on June 23, 1988, Dr. Hansen told a U.S. Senate committee he was 99 percent certain that the year’s record
temperatures were not the result of natural variation.  It was the first time a lead scientist drew a connection between human activities, the
growing concentration of atmospheric pollutants, and a warming climate.  How could he have been able to predict, over thirty years ago, the
accelerating rate of warming that is now occurring, and yet be so wrong about the cause?

As I understand, climate tipping-points loom; where several related climate processes would occur simultaneously and trigger the rapid
collapse of our life-support systems.  These are self-reinforcing feedback loops (chain reactions) like the release of natural gas, which is mostly
CH4, from melting permafrost on land and sub-sea permafrost under the Arctic Ocean.  Since CH4 is much more potent than CO2 as a GHG,
its release in large quantities traps heat above the permafrost surface, which then further speeds the melting of more permafrost, and so
forth.

In his book Global Warming Skepticism for Busy People, Dr. Spenser considers just the impacts of CO2 and not the combined impacts of all
the major anthropomorphic greenhouse gases in his analysis.  CO2 is the main greenhouse gas, but the other GHGs have very strong warming
effects, including nitrous oxide (N2O), methane (CH4), sulfur hexafluoride (SF6), and two classes of compounds known as hydrofluorocarbons
(HFCs) and perfluorocarbons (PFCs).  To compare all the GHGs in common terms to CO2, emissions are multiplied by their potential to
produce CO2-equivalent emissions.

My perspective is strongly biased by my life-experience.  I have seen and had to deal with the health, environmental and economic  damage
of our dependence on fossil fuels all my life.
Dr. Spenser does not address any of the external costs of fossil fuel use borne by society.  Consider: Global death rates for all the major
energy production methods:

The infrastructure which delivers energy services can break down in an energy accident, sometimes causing much damage, and energy
fatalities can occur, and with many systems often deaths will happen even when the systems are working as intended.  Which is the safest
way to make electricity between nuclear, wind, solar, coal, and gas?  The following graph gives us the answer in number of deaths per tera-
watt-hour of electricity produced.  
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All energy sources have negative effects.  But they differ enormously in the size of those effects.  That difference can be easily summed up: by
all metrics, fossil fuels are the dirtiest and most dangerous, while nuclear and modern renewable energy sources are vastly safer and cleaner.

Dr. Spenser has concluded that solar and wind energy development cannot compete with fossil fuels, based on price, and their
implementation leads to increased poverty.  He does not discuss at all geothermal energy and a widening range of other carbon-free
alternatives.  The following analysis presents the lifetime levelized cost of all the major methods of electricity production globally through
2019:   

The levelized cost of energy (LCOE) allows comparison of different methods of electricity generation on a consistent basis.  The LCOE can also
be regarded as the minimum constant price at which electricity must be sold in order to break-even over the lifetime of the project.  This can
be roughly calculated as the net-present-value of all costs over the lifetime of the asset divided by an appropriately discounted total of the
energy output from the asset over that lifetime.  

In explicit mathematical terms levelized cost of electricity (LCOE) is given by:
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Lazard's long standing Levelized Cost of Energy (LCOE) Report is widely considered the industry benchmark.  First published in 2015, it is a
collaboration of Lazard (a New York investment bank) with the energy consulting firm, Enovation.

Comparisons of life-cycle GHG emissions show coal, for instance, to be radically higher in terms of GHGs than any alternative.  Accordingly,
carbon captured coal is generally treated as a separate source rather than being averaged in with other coal.

In November, 2019, Lazard found: "onshore wind and utility-scale solar, which became cost-competitive with conventional generation several
years ago on a new-build basis, continue to maintain competitiveness with the marginal cost of existing conventional generation
technologies."

In October, 2019, Bloomberg New Energy Finance found that: "the price of wind and solar power continue to fall, with offshore wind posting
the most impressive cost reductions and solar PV and onshore wind now as cheap as any other source of power in California, China and parts
of Europe.  As a result, fossil fuel power plants are being increasingly marginalized in a number of markets, a trend that is set to continue in
years to come."

Dr. Spenser does not address at all nuclear energy, which is a major source of CO2 free energy that is well developed, is not intermittent,
is essential in the world, and is now playing a major role in the advance of civilization:              

From the prior LCOE analysis, Nuclear power economics look good for base-load generation against other zero-carbon alternatives when
energy storage is added.  However, that assumes that projects can be built on-time and on-budget.  That has not always been true, and the
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current new builds in Europe and the U.S. do not inspire confidence.  In addition, society’s concerns about waste and safety have often
overridden the narrower economic perspective.  The future contribution that nuclear power makes to expanding economic development,
without harmful carbon emissions, hinges on whether the industry can make progress in controlling capital costs while addressing society’s
safety and waste disposal concerns.

There are 23 commercial nuclear power plants under construction in the world today.  One is in the U.S.  There are 60 commercially operating
nuclear power plants with 98 nuclear reactors in 30 U.S. states.  Of these, 36 have two or more reactors.  About one-fifth of electricity in the
U.S. comes from nuclear power.  Many experts think there is an urgent need to determine what role nuclear power should play in feeding
America’s energy-hungry future. 

In 2013, Southern Company, which is one of the largest publicly traded U.S. gas and electric utility companies, began construction of the Plant
Vogtle units 3 and 4 in Georgia.  They will be the first in the industry to use Westinghouse AP1000 advanced pressurized water reactor
technology.  This advanced technology allows nuclear cores to be cooled even in the absence of operator interventions or mechanical
assistance.  It is the only Generation III+ reactor to receive Design Certification from the U.S. Nuclear Regulatory Commission.  Vogtle Units 3
and 4 will be the first new nuclear units built in the U.S. in thirty years.  It wasn't long before the entire project was at risk of being shut down
following the bankruptcy of Westinghouse, and now years behind schedule and billions of dollars over budget.  This case, and one other that
was canceled before construction started, evoke memories of the very bad experience with construction delays and cost overruns that
plagued the U.S. industry from the 1970s.  The Southern Company had a decent year in 2019, noting solid operating performance and good
earnings.  However, that wasn't the news most investors wanted to hear.  The big story, again, was progress at the company's Vogtle nuclear
construction project.  The first nuclear fuel loads for Vogtle Unit 3 and Unit 4 have now been ordered, the first nuclear fuel order to be placed
in more than 30 years in the U.S., with start-ups now realistic in 2021. 

If that is achieved, the U.S. nuclear industry will have a solid accomplishment to resell nuclear power as a safe, zero-carbon, jobs producing
alternative.   Vogtle 3 and 4 is currently the largest construction project in the state of Georgia with more than 9,000 workers currently on
site, and more than 800 permanent jobs available once the units begin operating.

Starting in 2000, the U.S. Department of Energy (DOE) funded research for the development of a small nuclear power plant that might be
used in multiple applications.  Idaho National Environment & Engineering Laboratory (INEEL) led the project with support from Oregon State
University (OSU).  At the same time, OSU was gaining international recognition for its work in the development of passive safety systems that
use natural circulation to provide cooling for nuclear plants.  OSU built and operated 1,000 MW and 600 MW nuclear steam supply system
scale models to help the developer obtain United States Nuclear Regulatory Commission (NRC) Design Certification (DC) for those
technologies.

When the DOE research project concluded in 2003, OSU scientists continued to pursue the design of a small nuclear plant that used natural
circulation.  Ultimately, the team at OSU built a one-third scale electrically-heated version of their plant as a test facility for this design.  OSU
granted NuScale Power exclusive rights to the nuclear power plant design, as well as the continued use of the test facility, through a
technology transfer agreement completed in 2007.  NuScale notified the NRC in February 2008 of its intent to pursue DC for its technology.

The Utah Associated Municipal Power Systems (UAMPS) (a political subdivision of the State of Utah that provides comprehensive wholesale
electric-energy, transmission, and other energy services, on a nonprofit basis, to community-owned power systems located in Utah,
California, Idaho, Nevada, New Mexico and Wyoming) will be the operator of the NuScale Small Modular Reactor (SMR) to be built on the
nuclear reactor test site at the Idaho National Laboratory in eastern Idaho.  UAMPS will be siting a NuScale 12-module plant, capable of
generating 720 MWe, at that site.  From my reading research, I conclude the NuScale SMR design probably won’t be available for its first
commercial application until 2026.

In his book, Dr. Spencer warns us about the need to address poverty.  I think he would be open to consider two opportunities,
unprecedented in all human history, now within our grasp:    

First, we now have the know-how to eliminate extreme poverty and illiteracy, for the first time in human history.  We can sustain and
improve the human-condition for the entire population of 7.7 billion people, growing to 9.7 billion by 2050 and reaching zero-population-
growth (ZPG) at 11 billion by 2100.  The World Population Prospects 2019 highlights, published by the Population Division of the UN
Department of Economic and Social Affairs, concluded that the world’s population could reach its peak around the end of the current
century.  The report also confirmed that the world’s population is growing older due to increasing life expectancy and falling fertility levels,
and that the number of countries experiencing a reduction in population size is growing.  The resulting changes in the size, composition and
distribution of the world’s population have important consequences for improving economic prosperity and social well-being while protecting
the environment.  The world’s population continues to increase, but growth rates vary greatly across regions.  The new population projections
indicate that nine countries will make up more than half the projected growth of the global population between now and 2050: India, Nigeria,
Pakistan, the Democratic Republic of the Congo, Ethiopia, the United Republic of Tanzania, Indonesia, Egypt and the United States of America
(in descending order of the expected increase).  Around 2027, India is projected to overtake China as the world’s most populous country. The
population of sub-Saharan Africa is projected to double by 2050 (99% increase). Regions that may experience lower rates of population
growth between 2019 and 2050 include Oceania excluding Australia/New Zealand (56%), Northern Africa and Western Asia (46%),
Australia/New Zealand (28%), Central and Southern Asia (25%), Latin America and the Caribbean (18%), Eastern and Southeastern Asia (3%),
and Europe and Northern America (2%).  China is expected to reach ZPG by 2030.  China's population growth has slowed since the beginning
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of this century.  This was mostly the result of China's economic growth and increasing living standards.

Since 1970 I have been concerned about how to solve the population problem and how that is related to the availability of low-cost energy,
particularly electricity.  The utility gained from electricity is central to eliminating hunger and illiteracy.  Modern civilization practices like those
undertaken by China have led to ZPG.  If the developed countries can decarbonize rapidly and help the underdeveloped ones electrify with
much less dependence on fossil fuels, and much less environmental destruction; we could jump-start those economies to much higher
standards of living, and get to global ZPG in this Century.  We could then down size population if needed while ensuring reproductive
freedom.  But first we must get there, and It is in view given the exploding rate of progress in eliminating extreme poverty.  I do not see
another humane scenario.  Do you? 

The standard unit set used in our country in examining overall energy use is the "quad".  The term "quad" is shorthand for 1 quadrillion
(1,000,000,000,000,000) British thermal units.  A Btu refers to the amount of energy required to elevate the temperature of one pound of
water by one-degree Fahrenheit.  But a more intuitive conversion is to think about a quad in terms of power plant-equivalent electricity
generation.  One quad is equivalent to about 11 gigawatts of electricity (over one year).  How much is 11 gigawatts?  It is the amount of
electricity produced by about fifteen typical power plants, each generating 750 megawatts of electricity. 

World energy consumption is projected to rise to 736 quads in 2040 from 575 quads in 2015, an increase of 28%, according to the latest
‘International Energy Outlook 2017’ from the U.S. Energy Information Administration (EIA).  In recent years the U.S. as a whole consumed
about 100 quads of energy each year.  The EIA estimated that by 2030 the world would consume a total of 678 quads of energy, which
represents a growth rate of about 1.5 percent per year in the context of global economic growth expected to be perhaps twice as great. 
Thus, the EIA scenario for future energy consumption factors in aggressive improvements in energy efficiency related to GDP growth. 
Consider that if demand were to increase by 2 percent annually to 2030 (instead of 1.5 percent), the world would need an additional 77
quads in 2030, for a total of 755 quads.  To reach this level of total energy consumption would be the equivalent of adding more than 3,700
new power plants.  The precise total amount of energy that the world needs in coming decades will be determined by how fast the global
economy grows and the nature of that economy, including the global mix of activities (e.g., services versus manufacturing) and the efficiency
with which those activities are conducted.  It is essential to realize that under all plausible scenarios, in the coming decades the world is going
to need vastly more energy.  Meeting the increasing global demand will be facilitated by an increasing diversification of energy supply beyond
coal, gas, and oil. 

Following a decade of steady progress, the global electrification rate reached 89 percent and 153 million people gained access to
electricity each year.  However, the biggest challenge remains in the most remote areas globally, and in sub-Saharan Africa where 573
million people still live in the dark.  To connect the poorest and hardest to reach households, off-grid solutions, including solar lighting,
solar home systems, and increasingly micro grids, will be crucial.  Globally, at least 34 million people in 2017 gained access to basic
electricity services through off-grid technologies.  Reliability and affordability are keys.  This progress is profoundly advantaged by our
ability to provide modern instantaneous telecommunications and electricity with minimal investment in wired infrastructure.  The rest of
the underdeveloped world will not have to transition from wired to wireless.         

Given the current price of oil and natural gas, and available well-developed technologies, the prior Lazard LCOE analysis dictates that natural
gas will dominate in those parts of the developing world where it is available or can be transported by secure pipe lines.  Where it is not
available coal may still dominate.

Worldwide, industrial emissions increased 0.6 percent in 2019, a considerably slower pace than the 1.5 percent increase seen in 2017 and the
2.1 percent rise in 2018.  The U.S. and the European Union both managed to cut their carbon dioxide output last year, while India’s emissions
grew far more slowly than expected.  Global emissions from coal declined by about 0.9 percent in 2019, although that drop was more than
offset by strong growth in the use of oil and natural gas around the world.  There are 458 coal-fired units being built worldwide today, and
903 if you include those in the pre-permitting or permit phase.  However, China accounts for 131 giga-watts of that growth with a long history
of over-building and underusing such plants.  Many existing plants are under-utilized and many of the new ones may never be used.  

The global public health policy response to the novel coronavirus pandemic has dramatically reshaped, overnight,  energy use in the
developed world.  Reduced demand for oil, particularly in transportation, commercial and industrial sectors, has resulted in the rapid
decarbonization of the highly developed economies.  The collapse of global oil prices produces an unprecedented window-of-opportunity
to use these low-cost fossil fuels to help jump-start the remaining underdeveloped economies of the world.  As these economies
develop, they will open vast consumer markets.  This window-of-opportunity should be seized by American free enterprise to become
the global leader in both fossil fuel exports, and renewable energy technology exports. 

Second, we now have the know-how to arrest dramatic climate change while raising the standard of living for an entire generation who
will do this work.  Rebuilding with renewable energy no longer involves a trade-off between the economy and the environment.  Advocates
for decarbonization have, up to now, routinely suggested that action on climate change necessarily means economic sacrifice.  We are far
enough developed with alternative energy systems to finally free ourselves from the environmental degradation of our dependence on fossil
fuels.  The wealth-generating potential is limitless because rebuilding with renewable energy can power civilization to the end of time.  By
contrast, all investments in fossil fuels have limited wealth-generating potential because those that can be extracted/mined at the lowest cost
are being developed and depleted rapidly now, leaving only finite amounts of reserves at increasingly high costs to develop.  We will have to
rebuild without fossil fuels in this century for no-other-reason than these reserves will be substantially depleted.  If there is no-longer an
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economic down-side, there is no reason to delay.

Free enterprise’s response to this rebuilding in the past decade has been extraordinary.   At the beginning of this decade the renewable
energy sector was largely still in development.  It is now becoming mature, and therefore cost competitive with traditional fossil-fuel based
alternatives. 

Over these ten years there have been dramatic advances in solar and wind technologies and associated major manufacturing and operating
cost reductions.   Berkshire Hathaway’s MidAmerican Energy of Iowa, serving 780,000 customers, is poised to be the first investor owned
utility to supply its customers with 100% renewable sourced energy.  A $1 billion 690-megawatt solar farm, with at least 380 megawatts
lithium-ion storage batteries should be under construction soon in the desert outside Las Vegas.  It will be the largest in the U.S. 

In the U.S. clean energy jobs, including zero-emission technology industries, renewables and nuclear, totaled 3.26 million in 2018 compared
to 1.17 million fossil fuel jobs.  Growing despite Trump administration’s tariffs on solar panels and market uncertainty from the
administration’s inaction and planned rollbacks of energy efficiency and clean vehicles policies.  Clean energy employers planned a 6 percent
job growth for 2019.  Yet, given China’s plans, we clearly are underperforming in a major growth industry.  By comparison, in 2018 China had
174,000 megawatts of cumulative installed solar capacity and the largest project at 1,547 megawatts.  China’s goal for 2050 is to reach
1,300,000 megawatts of solar capacity.

The auto industry is poised to go all electric.   GM announced a $2.2 billion investment in Michigan and Ohio to retool partly-used or idle
factories to build electric vehicles by 2021, including an electric pickup.  GM’s announced Vision:  Making an all-electric future a reality.  Ford
announced a similar investment starting with an electric Ford 150 starting in 2022.  The capital markets are betting on electric vehicles.  Tesla,
the electric vehicle and solar panel maker, had seen its stock jump to nearly $900 per share just prior to the crash.  Tesla lost $862 million in
2019 but it turned a profit during the last two quarters of the year, including $105 million in quarterly earnings in its last posting.  Among the
positive news coming from the automaker: Tesla said it expects to exceed production of 500,000 vehicles this year at its factories in Fremont,
California, and Shanghai. It appears to have worked the kinks out of making the Model 3 small car, the company’s lowest-priced vehicle.  And
it announced it will start producing the Model Y, a small SUV with broad global appeal, sooner than expected.

Black Rock Capital Investments Corporation, the world’s largest asset management investment firm, told its investors it would sell off
investments in utility companies that get more than 25% of profits from coal fired electricity.  Black Rock owns nearly 1/6th of NorthWestern
Energy’s shares.  Wells Fargo recently released an update to its environmental policy that rules out funding for oil and gas projects in the
Arctic region, including the Arctic National Wildlife Refuge. The release of this change to the bank’s policy comes in the wake of similar
announcements by Goldman Sachs and JPMorgan Chase, as well as more than a dozen other global banks.

Montana State University is moving a step further in reducing the use of fossil fuels on campus with the construction of another geothermal
energy system as part of the Romney rebuilding.   The system will also serve as a battery for storing heat from a “solar wall” going up on
Romney Hall’s south face.  The geothermal system will serve the 47,000-square-foot building and cost $2.5 million.  The university is calling
the project “one of the biggest energy conservation projects in university history.” The system will reduce MSU’s associated carbon emissions
by 1 million pounds per year. That’s like planting roughly 10,000 carbon-sequestering trees, according to Dan Stevenson, associate vice
president of University Services.  The Jabs Hall geothermal system serves four buildings and has reduced MSU’s energy costs by $130,000
annually since it was installed, according to MSU.  Stevenson said the Romney system will reduce energy use by 40 to 60%.

Confidence in free enterprise’s response was expressed in Representative Gianforte’s recent letter to me: “I support market-based solutions
that grow American jobs.  America leads the world in energy production.  We must also lead in energy innovation.  Empowering the private
sector to lead in innovation provides the best path forward to a sustainable economic future.”

Clearly, we are not in the lead right now in energy innovation.  Imagine how achieving that lead could produce opportunities for the
simultaneous acceleration of innovation and economic growth on all three major carbon emission fronts: transportation, electricity, and
Industrial; making it feasible to achieve carbon-neutrality in 2040 and to reach carbon-free in 2070.  Synergy!  Imagine how that level of
growth could make it possible for us to put the brakes on run-away federal debt. 

Seizing on these two opportunities, unprecedented in human history, will require effective international cooperation.  But, while we must
think globally, we must act locally.  Ultimately each economic unit, down to individual households, must be empowered and incentivized to
adapt to climate change and decarbonize personal economies.  Each country, and cities and regions within countries, has a unique set of
environmental issues to confront and manage, with an equally unique set of civilization structures.  For example, in this country managing
water shortages and droughts in the western states will likely dominate.  In China and India local air pollution issues currently dominate. 
Generally, in each country, and, in many cases, in each region in a country, its current energy infrastructure is designed to provide the lowest
cost and most abundant energy supply given the resources available.  In France, which has little coal and oil resources, nuclear energy
dominates.  Therefore, this discussion will focus from here forward primarily on how to organize and plan for the rebuilding (and
decarbonization) of the U.S., and particularly the Montana energy economy.

Add a section to the Plan that shows how rebuilding our energy economy can get us out of the biggest economic collapse since the great
depression.
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Sustained economic growth associated with this aggressive rebuilding offers the opportunity to lift-up an entire generation of Americans who
are failing to see their standard of living improved in their life-times.  It offers the potential to greatly reduce government dependency and
entitlements.  It offers the opportunity to get federal spending under control.  Debt held by the public, a measure of national debt, was 78.9%
of GDP in 2019, ranked the 43rd highest out of 207 countries.  Income inequality ranked highest compared to other Western nations.  GDP in
2019 was $21.4 trillion.  The total federal debt was already at $23.6 trillion, with the portion owed the public at $16.9 trillion, and expected to
explode by over $1 trillion this year, prior to the novel coronavirus crisis.  The public portion was already projected to be 152% of GDP in
2048, greater than the highest ever when World War II ended.  The annual trustee reports on the solvency of the Medicare and Social
Security trust funds were just announced.  Medicare will be insolvent in six years.  Social Security benefits will have to be reduced by 21%
effective in fifteen years.  These projections were made before the coronavirus shutdown the economy.  The decreases in pay role-tax
collections associated with this economic collapse will accelerate the depletion of these trust funds in 2020 and, likely in 2021.  That debt is
now going to grow to a much higher percentage of GDP because of deficit federal spending on the virus.  It will now likely exceed $4
trillion and GDP will decrease this year and next.  We will have use deficit spending to get us out of this depression.  Once out, the only
way forward will be to reduce that percentage back to sustainable levels, not through taxation, but through robust economic growth
exceeding 4% per year in GDP. (The U.S. economy was on target to reach $22 trillion GDP prior to the crash.)  If 4% was achieved and
sustained, while deficit spending was contained adding under 2% to the public debt per year, the run-away debt would be contained and
even reduced over time.

Once out of this crisis in 2022, how can we create a powerful economic stimulus to achieve and sustain 4% GDP growth without raising
taxes?  It will depend in-large-measure on ensuring access to abundant, dependable, low-cost electricity while rebuilding for Montana and the
Nation.  Achieving and sustaining this level of growth will require leaving our low-productivity service economy jobs behind.  Putting people
back to work, strategically advantaged, better organized, better trained and much more productive for the unprecedented rebuilding task at-
hand.  The term ‘non-essential worker’ would be rendered meaningless.            

2020 - Endorse a Canadian-form of EICDA and help build a political consensus to implement it by 2025.

The third most common set of coordinated responses are from persons who identify themselves as affiliated with the Citizens Climate Lobby
(CCL).  There are several persons responding who do not indicate such affiliation but none-the-less articulate strong support for the CCL
position.  In particular, I urge you to read and share David Atkins, Forester/Forest Ecologist, response #6-39.  He is one of two responders who
actually reprints the entire Plan and edits and comments extensively accordingly.  His detailed analysis of how EICDA could be effective in
many areas in implementation of this Plan is the best I have read.  It could, in-large-measure, serve to complete section: ‘CC.  ROBUST AND
FAIR FEDERAL CARBON FEE AND DIVIDEND LEGISLATION’ of the White Paper: GHG Committee -- Recommendations Still under
Consideration but Needing Further Discussion and Revision.

America’s leading economists including Janet Yellen, Ben Bernanke, and Alan Greenspan, who have chaired both the Federal Reserve and the
Council of Economic Advisers, 27 Nobel Laureate economists, 12 other former Chairs of the Council of Economic Advisers, and two former
Treasury secretaries have endorsed a refunded carbon tax like H.R. 763, the Energy Innovation and Carbon Dividend Act
(EnergyInnovationAct.org).

EICDA is revenue-neutral, with no impact on Social Security and Medicare.  It offers the opportunity to get federal spending under control. 

EICDA is market-based.  It taxes fossil-fuel producers starting at $15 per metric ton for carbon dioxide and increases at $10 per year, or $15 if
emissions targets aren’t met.  Methane is taxed similarly.  The result is everything we purchase, from food to fuel, will have built-in to the
price the appropriate amount of greenhouse gas emissions tax.  There will be every-day reminders to purchase the item with the least
greenhouse gas intensity because it will cost less.  Under EICDA, a $100 CO2 tax increases the price of regular gasoline about $1 at the pump,
producing a powerful incentive to invest in lower carbon vehicles.

EICDA makes it possible to minimize current and future regulations by creating powerful economic incentives to drive decentralized planning
and creative solutions.       

You don’t have to go far to find an example of where an EICDA-type approach has been implemented with a dramatic economic up-side.  

British Columbia announced it in February 2008 and it was implemented in July 2008 at a rate of C$10 per tonne of CO2, rising in C$5 annual
increments to C$35/tonne.  B.C. strengthened its carbon tax on April 1, 2019 raising the rate to $C40 per tonne.  When B.C. first introduced
its carbon tax, it was the first economy-wide price on carbon pollution in North America.  Among explicit carbon prices, B.C.’s is still first on
the continent.  It is designed as a revenue-neutral tax, meaning that all carbon-tax proceeds collected by the government are returned in the
form of income tax cuts and rebates.     

Since introducing pollution pricing in 2008, per capita emissions in B.C. are down by 14%, while the economy has grown by 26%.  B.C.’s carbon
tax has reduced the use of gasoline and natural gas by 7% per person and spurred people to buy more fuel-efficient cars.  The B.C.
government has used some of the revenues to cut income taxes and, more recently, to cut health premiums and invest in green
technologies. 

Following British Columbia’s 2008 lead, Canada enacted the federal Greenhouse Gas Pollution Pricing Act (GHGPPA), which passed in
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December 2018.  It is one of the most ambitious carbon pricing programs in the world. 

Canada held a national election in October of 2019, and the opposition Conservatives vowed to repeal the tax if they took power.  According
to the National Post, the Conservative Party of Canada attempted to "make the carbon tax the single issue" of the 2019 federal election
campaign.  This argument did not succeed, as the Canadian voting public supported parties that also supported the carbon tax, leading CBC
News to declare Canada's carbon tax to be "the big election winner" and "the only landslide victor" in this election.

The following discussion is informed primarily by the Montana Legislative Performance Audit of the Universal Systems Benefits Program and,
in particular, the Montana Department of Environmental (DEQ) report updated for ETIC 2017-2018 titled ‘Understanding Energy in Montana’. 
The DEQ report is an essential reference and planning tool to support this process going forward.  Accordingly, it is attached and made part of
this submission.    

Following Canada’s example, imagine implementing EICDA with the following key amendments:

All revenues from the tax turned over to the individual states to administer and distribute based on metric tons of CO2
per capita rather than being equally distributed among all families equally regardless of income.  Americans generate
on average 16.5 metric tons of CO2 per year per person.  We generate more CO2 per person than the average
individuals in every other country.  Montana’s number: 30,900,000 metric tons / 1,062,000 persons = 29.1 metric tons
per capita.  It is much higher than the national average.  I assumed that will be the case for all the major rural coal-
electric-generating states.  No less challenging will be defining the transitional role of Montana’s oil production and
extensive natural gas infrastructure.  Such an approach would give states like Montana the money needed to phase out
of coal quickly and restructure oil and gas industries without further economic damage.  Once that is accomplished,
states like Montana would then have much lower carbon footprints per capita, and the necessary extra money would
shift to the states with the next biggest decarbonization problem.

States having the power to determine how much of the dividend is distributed to families and how much is used for
critical R&D and technical support from Montana’s universities.  For Montana, consider if dividends would go only to
families with incomes under $75,000.  That would increase the amount of money going to lower income families
making it possible for them to finance or afford housing improvements, like weatherization, heating system upgrades,
energy conservation, the transition out of the most inefficient mobile homes, etc. But for those with incomes of
$75,000 and above, there would be a much more powerful incentive to decarbonize personal economies.  It would
advantage those who already have very small carbon footprints.  In this respect, EICDA can be an effective wealth tax
given that the U.S. currently ranks highest in income inequality compared to other Western nations.  

Sufficient funds from EICDA replacing the current charge to all Montana gas and electric customers to fund the
Universal System Benefits Program (USB).  It seems to me; the USB program has not resulted in a highly effective
grass-roots energy innovation and conservation program.  I previously lived in Wisconsin.  Similar to Montana,
Wisconsin has a charge.  But in Wisconsin, it funds an independent non-profit think-tank and consumer assistance
organization called ‘Focus on Energy’.  A general contractor, close friend of mine, built their office building, extensive
passive and active solar, every gadget available to reduce energy consumption.  I rebuilt a rundown 100+ year-old farm
homestead into a zero-carbon footprint horse farm with their technical support.  My electric bill ran less than $100 per
year.  In my town, Verona Wisconsin, EPIC electronic medical records (which provides the software to manage your
medical record, if you use the Bozeman Health System) built a business campus that employs over 5,000 people with
the largest array of geothermal and photovoltaic applications, at that time, in the mid-west starting with ‘Focus on
Energy’.  Under Montana’s USB program ‘large customers’ are completely self-regulated with no over-sight. 
Accordingly, an independent audit conducted in May 2014, found between 2007 and 2012 Montana electric and gas
customers paid nearly $150 million to support this program but got a poor return, in terms of cost-benefit, in energy
innovation or conservation.

Montana electric consumers are served by 31 distribution utilities: 2 investor-owned utilities, 25 rural electric
cooperatives, 3 federal agencies, and 1 municipality. Two additional investor-owned utilities and four cooperatives
based in other states serve a small number of Montana consumers.  In 2015, investor-owned utilities were responsible
for 48 percent of the electricity sales in Montana, cooperatives 29 percent, federal agencies 3 percent, and power-
marketers 19 percent. 

The NorthWestern Energy Electricity Supply Resource Procurement Plan only addresses the electricity production
side, and we need a comprehensive solution that addresses the electric consumption side as well.  To keep utility costs
as low-as-possible, Northwestern Energy must show the impact of a comprehensive energy conservation program,
like ‘Focus on Energy’ on demand projections.  Comprehensive aggressive energy conservation is still the lowest cost
way to keep electricity rates as-low-as possible. 
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In reviewing 411 comments received on the draft Climate Solutions Plan, by-far the greatest number are from
Montana electric cooperative customers pleading for the freedom to define their own energy system futures through
deregulation.  Imagine how an expanded USB program incorporating technical support from our colleges and
universities could empower entire coop memberships to innovate truly effective conservation and renewable energy
microgrid applications.

Farmers and ranchers exempt from paying taxes for agricultural uses.

Following Canada’s example, key industries that face intense trade competition, like steel and chemicals, being
exempt.  Instead, they would participate in a separate program in which the dirtiest companies within each sector will
either have to pay the government for their excess emissions or buy carbon credits awarded to the cleanest companies.

Before the crash, a macroeconomic analysis by a properly credentialed consulting firm showed 2.1 million jobs created in 10 years.  GDP
increased $70 billion-$85 billion after four years, and cumulatively $1.375 trillion in 20 years.  EICDA will create jobs, not cost jobs.  EICDA tax
revenues peak in year 10, then decline as we build a carbon-free energy economy.   That study needs to be redone now to determine if it
could serve as the primary stimulus to get us out of this depression.

There is an extraordinary opportunity to help build a national consensus through an interface between our Public Service Commission,
the Governor’s Climate Solutions Council and the U.S. Senate and House bipartisan Climate Solutions Caucuses.  Imagine how a deep
bipartisan consensus, like that achieved to win World War II, which endures for the rest of this century, would advance this
unprecedented undertaking.       

The House Caucus is well established with 22 Republicans and 41 Democrats.

On November 6, 2019 Senator Mike Braun, R-Indiana, launched the Senate Caucus.  The members now include Braun and Senators Chris
Coons, D-Delaware; Debbie Stabenow, D-Michigan; Susan Collins, R-Maine; Tammy Baldwin, D-Wisconsin; Lisa Murkowski, R-Alaska; Jeanne
Shaheen, D-New Hampshire; Mitt Romney, R-Utah; Angus King, I-Maine; Michael Bennet, D-Colorado; Rob Portman, R-Ohio; Jacky Rosen, D-
Nevada; Marco Rubio, R-Florida; and Lindsey Graham, R-South Carolina.  

Senator Marco Rubio: “Changes in our climate, such as the rise in sea levels, are measurable facts.  Many communities in Florida are already
dealing with the consequences of these changes and will have to adapt and mitigate against their impacts for decades to come.” “I look
forward to working with my colleagues to find real and responsible solutions in a bipartisan way.”  February 7, 2020.

Senator Lindsey Graham: “I believe climate change is real.  I believe that we as Americans have the ability to come up with climate change
solutions that can better our economy and our way of life.” “The United States has long been a leader in innovation. Addressing climate
change is an opportunity to put our knowledge and can-do spirit to work to protect the environment for our benefit today and for future
generations.”  November 6, 2019.
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2020 – 2070 Define the key elements in building the safest, lowest-cost, most reliable and abundant energy supply for Montana to
achieve net greenhouse gas neutrality for average annual electric loads in the state by no later than 2035 and a goal of net greenhouse
gas neutrality economy-wide for all other carbon emission fronts by 2040, and making it feasible to reach carbon-free by 2070.

The following is a scenario-plan with a time-line that presents a ‘primitive’ course to achieve these goals.  Again, it is offered to help inform
three, on-going, deliberative energy policy processes: the work of our Public Service Commission and that of the Governor’s Climate Solutions
Council in Montana, integrated with the U.S. Senate and House bipartisan Climate Solutions Caucuses.  If those processes endure around a
deep bipartisan leadership consensus, a Plan will emerge that achieves these goals.  Given the extensive energy infrastructure that is in place,
completely rebuilding Montana’s energy economy is an incredibly complex undertaking.  Much of the essential information that will be
needed to produce a final Plan that produces the safest, lowest-cost, most reliable and abundant energy supply will require a detailed
knowledge of the DEQ report ‘Understanding Energy in Montana’.

To achieve the decarbonization goals, this scenario-plan dictates Montana is going to replace all its fossil fueled heating, industrial uses and
transportation with electricity.  Accordingly, Montana is going to need much, much, more electricity, going from an estimated 1,600 MW now
to 5,000 MW by 2040 to meet the carbon-neutral goal, and that is just for in-state use.  That number will be strategically influenced by
aggressive improvements in energy efficiency related to GDP growth.

In 2015, Montana consumed an estimated 1,600 aMW or about 1,700 aMW, assuming 8 percent transmission line losses, and produced
3,322 aMW.  The other half of Montana electricity production is exported west to Washington and Oregon via the Colstrip transmission lines. 
The Colstrip coal generation plant, the Glacier and Rimrock wind farms, and a few of the larger dams in northwestern Montana account for
the vast majority of contracted Montana electricity exports.  There are now less than 50 major generating facilities left in Montana. 

In planning for the transition completely out of coal by 2035, a strategic question arises: Should Montana’s energy economy continue to be
geared to export? 

The following discussion is based on answering: YES! 

There is broad realization among those commenting on the Plan that baseload issues exist with expanded application of renewables and
the phasing out of coal.  According to Lazard, the 2019 levelized cost of electricity (LCOE) for combined cycle gas turbines, which are the
most efficient at up to 60%, is the lowest cost option to replace coal, and that was before the complete collapse of oil prices. It is actually
cheaper than coal.  These turbines also produce 50 to 60% less CO2 emissions than coal.  The coal-fired plants should be replaced with an
adequate number of smaller scale combined cycle gas turbine generators.  Block sizes offered by three major manufacturers (Alstom, General
Electric and Siemens) can range anywhere from 50 MW to well over 1300 MW with costs approaching $670/kW.  The existing transmission,
rail and maintenance infrastructure, and available trained workers, particularly at Colstrip, should drive siting decisions.  Capacity can then be
tailored based on future export markets.  A large base load natural gas plant running at high capacity (i.e. 500 MW base load plant) could use
half as much natural gas as Montana consumes in a year.  The Energy Information Administration (EIA) estimates in 2015, the U.S. had about
12 years of proven natural gas reserves based on current U.S. consumption and about 60 years of unproven reserves. 

Build as few gas plants as possible by maximizing wind generation.  According to Lazard’s 2019 LCOE, onshore wind is now cheaper than
combined cycle gas turbine generators.  According to the DEQ report ‘Understanding Energy in Montana’, Montana’s large geographic area
and high plains with interspersed mountains and river valleys make it one of the highest ranked states for utility-scale wind generation
potential in the U.S. The National Renewable Energy Laboratory (NREL) estimates 679,000 MW of wind generation potential at 80 meters
above ground in the state, ranking Montana second in total wind energy production potential. Most of the state’s best wind energy resource
lies in the central and eastern areas of the state.  Despite this potential, Montana’s distance from large, population centers (energy loads) and
its transmission constraints have resulted in the state developing a small fraction of its utility scale wind potential. Montana developed
695MW of installed wind energy capacity by 2016, ranking Montana 22nd in installed wind capacity among states.  Wind energy accounted
for nearly 7 percent of Montana’s net electricity generation in 2015. 

Given the current LCOE for onshore wind, against all other options, transmission costs now seem surmountable.  Accordingly, wind has to be
a major part of our immediate energy mix.  Greatly expanding wind also opens up the opportunity to use excess energy for extensive
application of pumped storage, given our topography.  Also, for the electrolysis of Berkeley Pit water, and then burn the hydrogen in these
combined cycle turbines.  And have a zero-carbon option.  GE says their combined cycle gas turbines can run on hydrogen.

Sequestration in forestry must be another key element to off-set part of the greenhouse emissions from gas generation.  Imagine
Montana with the high-tech jobs needed to support a comprehensive forest sequestration program, with intensive management of some
forests to maximize the growth of trees and then harvesting exclusively for products like building materials where carbon is stored for
centuries in buildings; for reforestation (replanting an area with trees) and afforestation (establishing a forest on land not previously forested)
to lower emissions, and proforestation (growing existing forests to their ecological potential) as a more effective, immediate, and low-cost
approach that could be mobilized across suitable forests of all types.  We can simultaneously improve habitat, generate wood products,
conduct smart planning and improve green building. 

Steel and concrete construction accounts for 8% of global carbon emissions and it’s non-renewable.  The U.S. has gone from nearly 50%
renewable building materials in year 1900 to less than 5% today.  There are many benefits of mass timber construction including using small
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diameter timber, which is a Montana natural renewable resource.  We can Innovate with cross-laminated timber and create jobs in rural
communities with the added benefit of a short construction time.  The University of Montana is in the process of designing a new building for
the WA Franke College of Forestry and Conservation, highlighting this circular economy of the future. 

Wildfires are emerging as a problem and we will most certainly see more in the future.  Montana has a legacy of innovation in fire science and
we have an opportunity to lead.  We need to change the composition and structure of our forests and reduce fuels.  Rapid assessment of fuel
conditions for western U.S. fire behavior, using LIDAR data fused with less expensive satellite remote sensing data to predict fuel attributes
can be modified relatively simply.  Models predict this.  Now we need to validate these models.  Fuel treatment design and effectiveness is
another area where we have the opportunity to lead.  Changes to the forests have a large impact on wildfires.  Montana is applying fire to our
own lands in the Blackfoot Valley to reduce fuels.  There is a desire by many parties to treat lands across boundaries and this is an area where
we may need legislative support for liability protections. 

Carbon markets for forest management are a growth area for Montana.  There is growing interest in cap and trade programs.  Several
Western states have developed executive orders to this end.  With 24 million acres forest land in Montana; 24% private, 5% state, 4% tribal,
77% federal, this has huge potential.  Landowners are constantly looking to diversify revenue streams.  Carbon offset programs add value by
diversifying income streams.  The Lubrecht Experimental Forest Carbon Offset Project is demonstrating the value of forest lands and forest
products to offset carbon emissions. Through the California Air Resources Board’s (CARB) cap and trade program, carbon credits are issued
for annual growth and for standing stocks.  It’s a multiyear process that requires quantification, verification and third-party certification. 
CARB projects carry a 100-year lifespan. 

Lastly, we need to realize the potential of wood-based biomass energy.  We know-how to process woody biomass.  But, with respect to slash
and tops that can’t be used to make a solid wood product; we now see ways to reduce costs and improve efficiencies in recovery. 
Transportation is a big problem – a lack of clearance is an issue.  Our trucks aren’t very usable in forest conditions.  However, the technology
is coming along, such as Logset Corp., from Finland, offering hybrid technology.  John Deere and Tesla are also getting into this market to
lower emissions and operating costs. 

Sequestration in Agriculture must be another key element to off-set part of the greenhouse emissions from gas generation.  Heavy
precipitation events, unusual seasonal weather patterns, and a trend of hotter, drier summers are driving growing interest in climate-resilient
agriculture among farmers, consumers, food companies, and state and federal agencies.  Institutional and venture investors, philanthropic
foundations, and state governments are now stepping up to provide financial incentives for farmers and ranchers to adopt such practices,
especially soil health practices that build and retain organic matter, maintain continuous cover, and minimize tillage and chemical
disturbance. 

A marketplace has emerged to reward farmers for sequestering soil carbon.  Market players include California’s Climate Smart Agriculture
program funded through the state’s carbon cap-and-trade program and Indigo Agriculture, a start-up company funded by more than $850
million in venture capital, which aims to sequester one trillion tons of CO2 from the atmosphere by incentivizing farmers to adopt
regenerative agriculture practices.  Given its vast agricultural landscape and breadth of innovative farmers and ranchers, Montana is well
positioned to tap into this emerging market.  The Western Sustainability Exchange (WSE), a non-profit based in Livingston, is collaborating
with Montana ranchers and state and national partners in a pilot project that does just that through its Montana Grasslands Carbon Initiative. 
Partners include MSU, NativeEnergy (a Vermont-based company that develops carbon projects and sells verified carbon offset credits), Soils
for the Future (a soil science organization based at Syracuse University), and Xanterra Parks and Resorts (the country’s largest park concession
management company and Yellowstone and Glacier National Parks’ primary concessionaire).  The grasslands carbon program incentivizes
ranchers to improve their grazing and thereby sequester large amounts of carbon.  For doing so, ranchers will be compensated with carbon
offset payments based on the additional amount of carbon they sequester each year.  The sequestered carbon becomes the basis for verified
carbon offset credits which NativeEnergy sells to companies committed to reducing their carbon footprint.

Implementing EICDA will be a key element in two respects.  First, providing the funds and incentives to restructure Montana’s oil and gas
industries without further economic damage.  Second, providing the funds and incentives to decarbonize personal economies.  EICDA
revenues, nationwide, would peak in 2035 at $400 billion per year and then decline as we move toward a carbon-free economy.    

Transitioning to nuclear energy is a key element.  Nuclear energy is not mentioned extensively as an alternative.  However, one comment
included reference to a Resolution for the Montana Senate and Assembly to consider replacing the Colstrip coal-fired boilers with PRISM
nuclear technology.  It is a solution designed to use nuclear waste from regular reactors, mainly plutonium.  It appears to be about ten years
behind in development compared to NuScale SMR for commercial application.  It may be a long-term solution to long-term storage of nuclear
waste, which also addresses nuclear weapon proliferation.  I think it would be impossible to evaluate the commercial economic feasibility of
PRISM at this stage in the development-cycle.  Where-as, if all goes well, we can go to Idaho in a few years and see NuScale SMR’s pumping
out electricity in a commercial application.

In 2050, replace all the fossil fueled electric power with nuclear energy.  Remove all the remaining CO2 emissions by converting the remaining
fossil-fueled space heating and transportation with electricity.  Add an expanded mix of renewables with storage and carbon-sequestration to
address industry and agriculture, to reach carbon-free by 2070.  Looking at Lazard’s current LCOE for nuclear, globally, it is about 2.6 to 2.8
times greater than combined cycle gas and wind.  Those are today’s prices.  And we do not have the commercial rate for Nuscale SMR design,
which likely will be available for its first commercial application in 2026.  Enough time, to develop the political leadership consensus needed
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to get nuclear approved by vote of Montana citizens, and get to construction before 2050. 

Then in 2100 phase-out all nuclear and go to all renewables with storage and renewably-sourced hydrogen.  Given its extensive forests and

grass lands, Montana becomes a major carbon sink.  We enter the 22nd Century with a vision of a geoengineered climate system and the
human population at zero-population-growth.  

That’s it.  It’s a scenario-plan, meaning it is just one option intended to provide a basis for helping focus the discussion by Members of the
Climate Solutions Council and the Commissioners of the PSC.  And then perhaps as constructive and reasoned input to help build a national
consensus through an interface between the PSC, the Governor’s Climate Solutions Council and the U.S. Senate and House bipartisan Climate
Solutions Caucuses.  Please urge Senators Tester and Daines, and Representative Gianforte, to join these Caucuses.   

I look forward to your reactions and consideration.

Regards,

 John A. Noreika, Sr.
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Dear Members of the Montana Climate Solutions Council: 

 
 

Helena, MT 59624-1186 

www.montanapetroleum.org 
Telephone  

The Montana Petroleum Association (MP A) appreciates the opportunity to have 
a seat on the Climate Solutions Council and provide comments. MP A is a non
profit trade association that represents over 200 members involved in 
producing, refining, and transporting petroleum products in Montana. 

As you know, the larger Council was segmented into sub groups working on 
different aspects of this plan. Subgroups focused on their area of interest until 
the meeting in late February and had a limited opportunity to comment in detail 
on recommendations outside each group. Now that our members have had a 
chance to study the first draft, we offer the following comments. 

MP A offers several overarching comments that apply to the overall process. 
The entire document is full of proposals that expand the need for increased 
government control and/or cost. It is MP A's belief that each recommendation 
should include a cost estimate along with a proposed funding source. Given the 
economic lessons the world is learning from the Covid-19 pandemic we are 
learning the importance of increased government cost in our decision making. 
Another overarching point is that all recommendations should be voluntary. 
Finally, we note the repeated use of the term, "across all ownership" while 
discussing recommendations that impact land use. MP A has strong views on 
protecting private property rights, whether they are surface or mineral 
properties. We will vigorously oppose any recommendations that diminish 
private property rights. 

Specific Recommendation Comments; 

1 A. This recommendation and strategies should include a cost estimate along 
with a proposed funding source. 

1B. Generally, agree but any further development or expansion needs a cost 
estimate along with a proposed funding source. 

lC. Agree 
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lD. Generally, agree, but strategies that say "across all ownership boundaries" would require private 
property agreement. If it is mandatory, MP A opposes such strategies. 

1 E. Generally, agree, but any expanded program development above current levels requires a cost 
estimate along with a proposed funding source. MP A is not sure about the strategy that states, 
"identify and support funding strategies to address local business needs, particularly in the travel and 
tourism sectors, associated with extreme weather events". What does this statement mean, exactly? 
Any funding strategy above what are already used and in place need more information and cost 
estimates. The statement "particularly the travel and tourism" industry is troublesome. What is 
being suggested? As we are seeing with the CoVid-19 impact on America's economy, America's 
base industries are holding the economy somewhat together, while the travel and tourism industry is 
in dire condition. Picking certain industries over others needs much more clarity, and may or may 
not be wise. 

lF. Voluntary efforts with private lands and business is key and is noted in these strategies. 

1 G. The all hands, all lands approach across ownership boundaries appears like private property 
could be impacted. MP A opposes any expansion of government control on any private lands unless 
the owner does so voluntarily. Further, MP A will oppose any tactics on State or Federal owned lands 
that impact the ability to access public and private minerals. MP A opposes any individual strategies 
included in this recommendation unless private land impact is entirely voluntary. 

1 H. The same statement made for recommendation I G applies here. How will this be funded? 
MP A suggests funding with existing discretionary funding. MP A will not support a tax increase of 
any kind. And to the question asking if there is value to estimating costs and benefits, MPA believe 
a serious attempt should be made to estimate costs on all recommendations. 

Section 2 Greenhouse gas reductions: 

Many if not all these recommendations will ultimately increase the cost of housing and in some 
instances, utility bills. Housing costs in many areas of Montana are becoming a serious issue. We 
note that Senator Tester has held conferences in Missoula to address the rapidly increased housing 
costs. Many of those costs can be attributed to local rules and increased code requirements that 
extend far beyond safety, like the strategy suggestions in this section. 

2A and 2B. These strategies will result in increased new housing costs which are affecting Montana 
communities statewide. There are no cost estimates and they are not voluntary. 

2C. The idea of forcing a private business to use its cash resources to act like a bank and provide on 
bill financing potentially increasing costs to all rate payers is unacceptable. Unless such financing is 
voluntary on behalf of the utilities, MP A is opposed. 

2D. Tiered pricing is another idea that may put additional financial pressure on low income 
households. With pressure to electrify residential customers (eliminate natural gas) this proposal 
could drastically increase winter home heating bills. The recommendation needs an estimate of costs 
not only for the utilities, but the ratepayers as well. Without making this pricing scheme voluntary 
and providing a cost estimate, MP A is opposed. 

2E. The legislature will need cost estimates and need to identify a funding source. 
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2F. The Legislature is already tasked with USB review. Title 69-8-402, MCA requires the ETIC to 
"review the universal system benefits programs, and, if necessary, submit recommendations 
regarding these programs." Public utilities, cooperative utilities, and other large customers are 
required to submit an annual summary report of universal system benefits programs to the ETIC for 
review. 

2G. No position 

2H. Providing incentives requires a cost estimate, further it needs a funding source. As stated 
previously, amending building codes to require solar ready residential and commercial will result in 
increased housing costs in a State that is already suffering from high housing costs. 

21. It is interesting to note that the renewable energy sector feels that Montana's tax structure puts
higher property taxes on renewable infrastructure. Centrally assessed industrial property has the
same issues. Since the Legislative Finance Committee is spending considerable time over the
interim studying Montana's tax structure, MPA feels this recommendation is no longer necessary.

2J. No position. 

2K. No position. 

2L. What does developing standards for low emission vehicles actually do? Given Montana is one 
of the least populated states and auto manufacturers already support these standards, we are unsure 
of the value of working on Montana standards. Further, low emission vehicles already have an 
incentive by underpaying their fair share of costs for Montana's transportation system. This 
recommendation is not necessary. 

2M. The MPA strongly disagrees that it is the responsibility of the State to develop any kind of a 
business enterprise. MP A has already stated its opposition to mandated building codes and forcing 
the private sector to take actions that in this case increase costs to all Montana rate payers. Any 
electric vehicle analysis should be done on a voluntary basis, preferably by those that would directly 
benefit financially. 

Requiring the Montana Department of Transportation to build charging stations at highway rest 
areas is questionable. As noted, there may be a conflict building commercial enterprises within the 
rights of way on Federal highways. MT DOT would have to identify an internal source of signage 
funding taking funding away from other projects. 

There are noticeable investments on charging infrastructure across Montana by the private sector 
today. Requiring the MDT to build electrical charging stations at the rest areas could be contrary to 
Article VIII, section 6 of the Montana Constitution by diverting much needed highway construction 
funds to provide a private fuel source to vehicles. 

MPA supports working with Montana electric utilities to explore electric vehicle infrastructure and 
the recommendation that these vehicles should contribute to highway infrastructure. At this time, all 
highway infrastructure is, to a significant extent, funded by user fees and electric vehicles should pay 
their fair share. Any suggested vehicle tax structure should continue to have as low a cost of 
administration as possible. 

2N. Cost estimates and a funding source should be attached to this recommendation. 
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20 Support 

2P.Support 

2Q. While highly contested among stakeholders, some argue that higher rates for other customers 

will occur in some areas due to widely varying costs, rates, and power supply and delivery methods. 
We too have concerns regarding power quality concerns. 

2R. The existing RPS has already exceeded the statutory mandate. We do not see any need to raise 
the existing requirement. The markets should dictate source. MP A believes that all hydro power 
should be counted as renewable power before any further increase in the RPS standard is considered. 

Any State mandate for a particular fuel source should be avoided. 

Section 3. Innovation 

MP A agrees that innovation has been a key factor in the recent unprecedented economic success of 
our Country. Again, our principles of providing cost estimates for strategies, identifying funding 
sources, and making them voluntary is key. 

3A. Agree 

3B,3C,3D,3E. Each of these ideas sound fine on the surface, but they all need some additional 
thought on what costs the group believes each idea would require, and who would bear those costs. 
In closing, we compliment the Council for the time put in and the tremendous amount of civil 
discussion between the Council members, the civility is greatly appreciated. We must insist that 
careful thought be given to potential costs involved and a lack of serious thought regarding the fiscal 
impacts to Montana's state budget by many of the strategies proposed. 

Best regards, 

David A. Galt 
Montana Petroleum Association 
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TREASURE STATE 

RESOURCES ASSOCIATION 
OF MONTANA 

April 24, 2020 

Rebecca Harbage 
Director's Office 

 
Helena, MT 59624 
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Email: info@treasurestateresources.org

Montana Climate Solutions Council 
Montana Department of Environmental Quality 
P.O. Box 200901, Helena, MT 59620-0901 
Delivered Via Email to: ClimateCouncil@mt.gQY 

Dear Members of the Montana Climate Solutions Council: 

Thank you for the opportunity to comment on the recommendations you have 
developed in accordance with Governor Bullock's Executive Order 8-2019. We 
appreciate the work of the many volunteer Council members and the various state 
agencies who have supported the Council's work. 

The Treasure State Resources Association (TSRA) represents a broad coalition of 
business and industry, agriculture, members of organized labor, motorized 
recreation and over twenty other membership organizations. Our mission is to 
promote the Montana Way of Life through responsible resource development. 
While Montana's economy has been expanding in terms of key contributors, we 
believe it remains anchored in those "traditional" industries that have demonstrated 
their very essential nature in this most recent COVlD-19 pandemic. Our resource 
economy will adapt to changes that naturally evolve on the landscape and within the 
marketplace. What it cannot accommodate are changes that are "thrust upon it" by 
agendas set in other states. It is through that lens that we approach the Council's 
recomffiendations. 

General Comments: 

At the outset, we express reservations with the use of the word "plan" as it relates to 
the Council's work product. The Council has offered up recommendations or 
potential strategies aimed at addressing changes in the climate, but it has not 
offered a Ian. 

Use of the word plan suggests we've identified the need, looked at both benefits and 
costs, made decisions about how to most efficiently allocate limited resources, and 

outlined steps to execute a series of actions. As we've followed the work of the 
Council and the various committees, there has been little to no work done on 

The mission of the Treasure State Resources Association is to promote and enhance the Montana Way of Life through responsible resource development. 
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TSRA Comments 
Page 2 

evaluating costs of implementing recommendations, quantifying the effect on jobs, 
or estimating the impact on tax revenue. Ultimately there is a need to pay for more 

staff, any new fiscal incentives, and implementation of new regulatory 
requirements. 

There is nothing wrong with looking ahead at what changes might be coming, and 
offering potential strategies to address those, but we strongly encourage the Council 
not to leave the public with the impression that it has built a plan for Montana and 
create expectations that may not or cannot be met. No recommendation or strategy 
should be adopted that would burden Montana taxpayers with unsustainable 
expenditures or economic impacts. 

Section 1: Preparing Montanans for Climate Chang� 

Generally the recommendations in this section make sense for purposes of creating 
competencies across different agencies and levels of government to inform decision 
making. Recommendations lA - lC are logical, but are difficult to embrace without 
having an idea of costs associated with the key strategies and who will pay. At the 
very least, recognizing resources are limited, the Council should set priorities for the 
various strategies offered. 

With regard to 1C, Strategy 7 "Explore opportunities to integrate adaptation 
planning to reduce greenhouse gas emissions .... " we suggest adding the following 
language: 

Montana's access to energy markets, rural geography, transmission 
infrastructure, generation portfolios and peak loads should also be considered. 

Under 1D, Strategy 3 "Implement active management across ownerships ... " we 
recommend clarifying that any actions taken on private property would be with the 
agreement and cooperation of the landowner and not be mandated or otherwise 
result in consequences deemed detrimental to the exercise of their property rights. 

Relative to 1E we appreciate the role outdoor recreation and tourism play in our 
economy and our way of life. However, it seems disingenuous to single out one 
sector when the livelihoods of many Montanans can be impacted by actions taken to 
reduce emissions or impose added restrictions for purposes of adapting to potential 
changes in the natural environment. Some of those lie in industries identified in 
the Governor's recent COVID-19 directive as essential and can not only be impacted 
by extreme weather, but lack of predictability in terms of energy costs and 
reliability. 
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TSRA Comments 
Page 3 

As noted earlier, we support reinforcing the health and resiliency of our landscape 
in general as long as there are no mandates imposed on private landowners, or 
added regulatory requirements for those who responsibly utilize forest and range 
lands to support Montana's economy. 

Because it could lead to confusion, the language in 1G, Strategy 8 "Encouraging use 
of this information (climate effects on fish, wildlife .... ) ... .in project environmental 
reviews" should be removed as it could result in conditions being imposed on 
projects without statutory authority or clear guidance. 

Section__2: Strategi_es_t_Q_Red_uce Greenhous__e_G_i1S Emissions 

The introduction to this section speaks to the use of modeling to lay out various 
scenarios to reduce emissions. Modeling data presented to the Council to date is a 
matter of great concern. The modeling assumptions and possible scenarios laid out 
do not align with the reality of the situation in Montana, such as calling for all light
duty vehicles to be fully electrified by 2035. If modeling is going to be used to 
inform the decisions of policymakers - decisions that impact the lives and 
livelihoods of all Montanans - it must be realistic. 

Section 1 points to the importance of energy efficiency in reducing costs and the 
impacts of energy production. We don't disagree with the value of improving 
weatherization of existing homes as well as taking energy efficiency into account in 
the construction of new homes and commercial buildings. 

However, the Council's discussion of this topic to date is missing some very 
important voices. Recommendation 2A speaks to building codes as "the easiest and 
most cost-effective way to help consumers and businesses save energy and money, 
make housing and energy more affordable ... " How do we adopt new codes without 
driving up home costs in areas where affordability is already an issue? What 
information is needed from contractors and homebuilders before moving this 
recommendation forward? 

We are also concerned that 1·epresentatives from moderate and low income 
Montanans have not weighed in on what effect recommendations and strategies in 
this Section may have on the cost of housing. Increased construction costs may be 
mitigated by reducing household energy needs, but any benefit could just as easily 
be lost to overall increases in the cost of energy resulting from new mandates or 
restrictions imposed on energy production. The COVID-19 pandemic has 
highlighted just how vulnerable many of our Montana citizens are to economic 
changes. A look at the costs vs. benefits for the end user has to be a part of the 

conversation. 
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We encourage the Council to remove Recommendation 2F: Request a 
Legislative Study on the Universal System Benefits Program Funding 

Mechanism for Electric Customers. Concerns with this program have already 
been brought to the appropriate legislative committee and could be pursued 
at that committee's discretion were changes deemed necessary. 

With regard to other recommendations under this Section, TSRA opposes any new 
mandates targeted at forcing changes that put the reliability and capacity of the 
electric grid in question and do not reflect what is practical and achievable. 
Montana's utilities are already responsive to changes in the market place and public 
concerns. NorthWestern Energy is committed to reducing the carbon intensity of 
their electric portfolio's generation and long-term power purchase agreements by 
90% by 2045. Statewide, on average, more than 75% of the power purchased by 
local electric co-ops is carbon-free and that number is growing. Mandates usually 
suggest a "one-size-fits-all" approach that works contrary to the ability of folks 
closest to the ground to make decisions that work for their communities and 
customers. 

Dispatchable and affordable fossil fuels must remain in the picture. Efforts to write 
them off by focusing all our attention on renewables would be shortsighted. The 
inherent unpredictability of weather combined with the lack of reliable, long-term 
energy storage poses a risk to both residents and to our economy. Renewables are 
part of the energy mix and will likely grow in their role as technology allows. But 
technology also has the capability to keep fossil fuels in the mix as well and we 
strongly agree with Recommendation ZP: Advance Efforts to Develop and Deploy 
Carbon Capture and Storage Technologies. We need them as part of our energy 
picture to ensure load stability moving forward. 

Just today, the U.S. Department of Energy announced $131 million for CCUS 
technologies. To quote Under Secretary of Energy Mark Menzies, "Carbon capture, 
utilization and storage technologies are key to addressing global emissions issues, 
particularly important in developing nations, by making carbon-intensive 
production and generation cleaner than we ever thought possible." 

Section 3: Capturing Innovation Opportunities in Montana's Response to Climate 
Change and Addressing the Needs of Workers and Communities in Transitions 

We support the focus of this section on identifying opportunities for Montana to 
maintain and grow job opportunities, particularly in industries that pay well and 
support local communities. However, many of the strategies/recommendations 
will require new funding sources that have yet to be identified, making it difficult to 
evaluate the effectiveness. 
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In closing, we'd like to thank the Council members for their work. Kept in 
perspective, there are many recommendations that make sense and will likely 
evolve based on market conditions and technology alone. The fallout from COVID-19
is yet to be realized, but clearly all energy sectors have been impacted, as have the 
I ives of all Montanans. As a work product, the Council's recommendations can serve
as a useful exercise in promoting collaboration and gathering ideas that may be 
taken up by both public and private entities as opportunities present themselves.
But now is not the time to add new mandates or programs that would challenge 
state and local budgets and jeopardize the stability of our energy infrastructure.
Thank you for this opportunity to comment. 

(iely,�

Peggy�< 
Executive Director 
Treasure State Resources Association
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From:
To:
Subject:
Date:
Attachments:

Makenna Sellers
Climate Council
[EXTERNAL] Climate Solutions Council Public Comments, Northern Plains 
Friday, April 24, 2020 12:54:09 PM

Hello Rebecca, 

Northern Plains has provided comments on Montana's Draft Climate Solutions Plan. Attached
you will find public comment from 52 individuals as well as organizational comments from
Northern Plains Resource Council. 

Thank you and have a lovely Friday,
Makenna Sellers | Legislative Organizer

Northern Plains Resource Council
 | Helena, MT 59601

www.northernplains.org [northernplains.org]

Pronouns: She/her

Northern Plains Resource Council is a grassroots conservation and family agriculture group. We organize
Montana citizens to protect our water quality, family farms and ranches, and unique quality of life.

#11a-04

mailto:ClimateCouncil@mt.gov
https://urldefense.com/v3/__http://www.northernplains.org__;!!GaaboA!_exAwUVO4bTMu00QaP5INJnIvaedmCEL5KrzopFMz8W79tH-K4uZoJBdk47y0crpzXM$
https://urldefense.com/v3/__https://www.facebook.com/northernplainsresourcecouncil__;!!GaaboA!_exAwUVO4bTMu00QaP5INJnIvaedmCEL5KrzopFMz8W79tH-K4uZoJBdk47yjbNElr0$
https://urldefense.com/v3/__https://www.facebook.com/northernplainsresourcecouncil__;!!GaaboA!_exAwUVO4bTMu00QaP5INJnIvaedmCEL5KrzopFMz8W79tH-K4uZoJBdk47yjbNElr0$
https://urldefense.com/v3/__https://twitter.com/norplains__;!!GaaboA!_exAwUVO4bTMu00QaP5INJnIvaedmCEL5KrzopFMz8W79tH-K4uZoJBdk47yF7LukLA$
https://urldefense.com/v3/__https://twitter.com/norplains__;!!GaaboA!_exAwUVO4bTMu00QaP5INJnIvaedmCEL5KrzopFMz8W79tH-K4uZoJBdk47yF7LukLA$
https://urldefense.com/v3/__https://www.instagram.com/northernplainsresourcecouncil/__;!!GaaboA!_exAwUVO4bTMu00QaP5INJnIvaedmCEL5KrzopFMz8W79tH-K4uZoJBdk47y7D7ejnY$



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/31/2020 
 
Dear Governor Bullock and members of the Climate Solutions Council: 
  
Thank you for creating and serving on Montana Climate Solutions Council.  I believe the Council is crucial 
to the future viability and well‐being of our state.   
 
Although some may think climate issues should be pushed to the back burner at this point in time, just 
the opposite is true.  I have long believed that everything (including humans) are connected.  It has been 
postulated by some scientists that the coronavirus has spread faster and further and is more contagious 
in part due to a warming climate.  If this is even partly the case, it means future viruses could be even 
more dangerous and deadly worldwide.  And it is certain, that those who contract the virus are more at 
risk for severe or deadly outcomes due to dirty and polluted air from our use of fossil fuels. 
 
Therefore, I fully support the Council's recommendations to reduce greenhouse gas emissions in 
Montana.  Absolutely, it is the time for innovative and creative problem solving, although having said 
that, there are technologies that are already in use that have proven to provide much of the energy we 
need at an affordable cost.  We just have to put them into use on a wide scale.  
  
There are also technologies waiting in the wings that with some attention and fine tuning will support 
cost‐effective and reliable renewable energy, such as energy storage.   
 
I would also like to see a recommendation added that Montana limit the flaring, venting, and leaking of 
methane and other greenhouse gases from the oil and gas industry.  This is simply a no brainer and 
would have tremendous beneficial outcomes for the climate, the planet, and for Montanans' health. 
 
And I would like to see a statewide effort to focus Montanans on the many, many benefits of eating 
locally grown and produced food.  Not only would moving in this direction save energy, it would be an 
important economic boost to our state. 
 
Thank you, and please include my comments in the official record. 
 
Adela Awner 
 
Sincerely, 
 
Adela Awner 
1109 Delphinium 
Billings, Montana 59102







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/13/2020 
 
Council members and Governor, 
  
Thanks for the opportunity to comment on the Preliminary Recommendations and Key Questions of the 
Montana Climate Solutions Plan. I strongly support a comprehensive climate plan for the state of 
Montana. Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Lee Bartlett 
710 S. California St. 
Helena, Montana 59601







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/25/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Bruce Bender 
365 Kensington Ave 
Missoula, Montana 59801‐5725







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/28/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Susann Beug 
178 HWY 78 
Red Lodge, Montana 59068







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/3/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
    Recommend enhancing our transportation system with interurban passenger rail lines, and promoting 
the creation of charging facilities for electric vehicles statewide. 
 
Sincerely, 
 
Daniel Biehl 
4212 CLARK AVENUE 
GREAT FALLS, Montana 59405







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/26/2020 
 
Council members and Governor, 
  
As a member of Bozeman Citizens Climate Lobby, and a person deeply concerned about climate change, 
I want to thank you for the opportunity to comment on the Preliminary Recommendations and Key 
Questions of the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of 
Montana. Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Norman Bishop 
4898 Itana Circle 
Bozeman, Montana 59715







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/28/2020 
 
Dear Council Members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan.  
 
I am extremely happy to see this coming together and strongly support broad based action to respond 
to climate change and meet the needs of Montana communities.  This is an excellent start and I 
commend the council for its hard work!  
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
* Increase funding for building robust local food systems. Food that travels between 1,500 and 2,500 
miles to reach our plates has an immense carbon impact. Montana agriculture, including small growers 
and processors, can partner will these efforts and build local food security to counter risks from climate 
change. 
 
* Assist efforts to close open/abandoned gas and oil wells and eliminate bad practices like flaring, 
venting, and leaking of methane and other greenhouse gases (GHG). 
 
* Eliminate public funding for Carbon Capture Sequestration (CCS) and invest in technologies that 
actually work.  CCS facilities have not proven to be a viable technology and should not be publicly 
funded. 
 
* Recommend increased grant and technical support to help local governments integrate climate goals 
into land use development and transportation planning and implement these initiatives (as well as 
emergency services).  
 
* Recommend regional transportation boards to link state and local transportation planning to develop 
plans for reducing vehicle miles traveled.   
 
* Recommend solid waste efficiency and wastewater efficiency projects. Less waste and more efficient 
treatment systems is another place to save GHG. 
 
* Encourage all sectors to set interim goals and reassess every 3‐5 years to address changing conditions 
and priorities as well as new and emerging technologies and improved data on what works. 
 







Thank you again for all your efforts. Overall I am very happy with the draft as a whole and look forward 
to doing what I can to assist in assist these efforts and providing our kids with hope for a stable and 
vibrant future.  
 
Sincerely, 
 
Susann Bradford, MS, EDD 
JD candidate 2021 
 
Sincerely, 
 
Susann Bradford 
708 N 4th W 
Missoula, Montana 59802







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/23/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. It would also help create more 
jobs. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
‐ Create a program to train Montana citizens in all aspects of business and home energy conservation 
and use of renewable energy.  Graduates of a program could then be employed to help 
implement/utilize many aspects of Montana's Climate Solutions Plan by helping business and home 
owners who want to reduce their energy bills and carbon footprint.  My personal experience in Missoula 
was that when we went to add solar, an energy efficient central heating and cooling system, insulation, 
radon mititgation, and water and electric conservation none of the contractors could/would help or 
advise us with the overall energy picture of our house.  Thus we spent too much money with sub‐
optimal results.    
 
‐ Support/endorse a national effort to reduce/eliminate fossil fuel CO2 emissions.  Without a national 
plan we (US citizens) will not do enough on an individual basis to alter global warming.  As we have seen 
with the COVID19 pandemic it takes federal and state leadership to address such a large problem.  I 
believe (and many scientists and economists agree) the best method to convert the US to 
renewable/clean energy is through a carbon fee and dividend.  The fee, which increases yearly, would 
be collected on all fossil fuels produced in the US or imported.  The fee would be returned to all US 







citizens thus encouraging them to use less fossil fuels and to use more renewable energy.  Such a 
program would work hand in hand with the Montana Climate Solutions Plan. 
 
Thank you again for the opportunity to comment on this most important plan.  My kids and grandkids 
thank you too. 
  
Paul Buck 
 
Sincerely, 
 
Paul Buck 
100 Pinehurst Ct 
Missoula, Montana 59803







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/20/2020 
 
Council members and Governor, 
  
Thanks for the opportunity to comment on the Preliminary Recommendations and Key Questions of the 
Montana Climate Solutions Plan. I am in support of a climate plan for the state of Montana but I feel 
that we can do even more. 
  
Establishing an energy storage standard and advancing energy efficiency tools are a must. Montana 
must shift away from traditional fossil fuel generation of electricity and invest in all cost‐effective energy 
efficiency in order to meet carbon reduction goals at the lowest cost. 
 
To improve the plan, please add or revise the following components: 
 
∙ Develop and implement regulations that significantly limit the flaring, venting, and leaking of methane 
and other greenhouse gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
Sincerely, 
 
Tom Carlson 
720 Dickinson Street 
Missoula, Montana 59802







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/26/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Nancy Carrel 
29 Red Bluff Loop 
Birney, Montana 59012







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/23/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Patrick Certain 
2750 arrowhead meadows drive 
Billings, Montana 59102







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/26/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Dan Cohn 
425 Burlington Ave 
Billings, Montana 59101







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/20/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Gregory Esteve 
3655 North Scenic Highway 
Lake Wales, Florida 33898







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/25/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Jack Exley 
18 Jack Lackey Lane 
Red Lodge, Montana 59068‐0954







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/23/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Marylis Filipovich 
927 8th Ave. 
Helena, Montana 59601







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/25/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
I especially want to see more renewable energy and storage, on community and home and business 
scales. Always, efficiency and conservation, in energy systems and also transportation,  housing 
development, infill.  
Good statewide broadband even in rural areas, could reduce travel! So what if it has to be subsidized? 
Roads and air travel are subsidized! 
 
Sincerely, 
 
Mary Fitzpatrick 
631 Clark Avenue 
Billings, Montana 59101







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/26/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions.  Instead pursue carbon capture in the soil by 
promoting more reclamation at coal mines.  The reestablishment of grasses on the mined land will help 
capture carbon in the plants and in the soil.   
 
Sincerely, 
Mark Fix 
 
Sincerely, 
 
Mark Fix 
584 Tongue River Road 
Miles City, Montana 59301







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/27/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana.  
 
Congratulations on the work you have done to be proactive regarding climate change. The COVID‐19 
pandemic makes climate solutions even more essential! 
 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change.  I hope for a year round Farmers Market.  
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
•I support a carbon fee and dividend plan. 
 
Sincerely, 
 
Marya Grathwohl 
1134 N. 22nd. St. Apt 7 







Billings, Montana 59101







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/28/2020 
 
Dear Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. It looks to be a comprehensive, thoughtful document, and I am in 
full support of a climate plan for the state of Montana. We need to work together to build healthy and 
prosperous communities for current and future generations, and the plan provides focus and 
accountability to achieve that end. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools such as 
current energy efficiency building codes, on‐bill financing or other funding mechanisms like PACE, and 
decoupling.  Montana must invest in all cost‐effective energy efficiency in order to meet carbon 
reduction goals at the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Add a professional to the Building Codes Council with a background in energy modeling and building 
science.  
 
‐ Build robust local food systems through increased funding and support from the state would improve 
the adaptation and emissions reductions sections of this plan. Today, food travels between 1,500 and 
2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon impact of 
food traveling thousands of miles to reach Montana plates and build local food security amidst risks of 
systems disruption from climate change. 
 
‐ MDT fundamentally needs a new understanding of its mission‐‐it is currently far too invested in 
perpetuating single‐occupant vehicular traffic patterns.  In addition to determining the design of 
highways between communities, MDT also determines how many of the major streets in our 
communities are developed, and they typically create conditions that are not conducive to a variety of 
modes of transit that have lower greenhouse gas emissions.  
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
‐ Distributed generation: we need a study of the costs and benefits that is not funded by NorthWestern 
Energy or other entities with a conflict of interest.  They used a non‐transparent, and the results from 
their study were conveniently self‐serving and were fundamentally different from studies in other states 
that were commissioned by their public service commissions. 







 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Ed Gulick 
3015 10th Avenue North 
Billings, Montana 59101







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/25/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Randy Hafer 
2720 Minnesota Ave 
Billings, Montana 59101







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/25/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
James Halfpenny 
PO Box 989 
Gardiner, Montana 59030







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/20/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Helgaleena Healingline 
112 Owen Rd Unit 6121 
Madison, Wisconsin 53716







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/26/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I suggest that we explore more green energy solutions such as solar and wind energy plus support new 
storage techniques and facilities like water reserviors.  
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Alan Hilden 
720 Judicial Ave. 
Billings, Montana 59105







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/25/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Paul Kent 
P. O. Box 5224 
Helena, Montana 59604







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/25/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Jon Kesler 
435 Lump Gulch Road 
Clancy, Montana 59634







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/23/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Katherine Kolwicz 
1532 Sherwood St. 
Missoula, Montana 59802







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/5/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Jeffrey Kreidler 
807 North 31st Street 
Billings, Montana 59101







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/25/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Steven McArthur 
3406 West Central Ave. 
Missoula, Montana 59804







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/26/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in support of a climate plan for the state of Montana.  
 
I recommend that revision take into consideration the value of adding and protecting federal Wilderness 
on national public lands and similar preservation of state wildlands as important solutions that should 
be part of the plan. 
 
Wilderness is a climate solution! Wilderness protects biodiversity by providing habitat for public wildlife 
and flora. Wilderness protects watersheds for people as well as the rest of nature. Wilderness stores 
carbon. Wilderness is part of our historical and cultural heritage. Wilderness provides alternative to 
mechanized recreation and to road‐accessible recreation. Wilderness is an idea, an ideal, a value 
appreciated by even those unable to visit. Furthermore, Wilderness in no way diminishes the multiple 
uses of the vast other public lands in the region. 
 
We have a Wilderness deficit in Montana, and the nation. As ecologist George Wuerthner explained, 
only 3.4 million acres out of the state’s nearly 94 million acres are congressionally designated 
Wilderness. See Wuerthner's article "Montana's Wilderness Deficit," Missoulian, September 11, 2019, 
https://missoulian.com/opinion/columnists/montana‐s‐wilderness‐deficit/article_d0218248‐3eed‐5ddb‐
a935‐81a44532b4f5.html/. 
Montana's wilderness deficit/.  
 
Furthermore, the draft plan places too much emphasis on fighting fires. That is contrary to science. 
Consider the Sierra Club's policy, which could be adapted to state wildlands: "In areas included in or 
proposed for the National Wilderness Preservation System, fires should be managed primarily by the 
forces of nature. Minimal exceptions to this provision may occur where these areas contain ecosystems 
altered by previous fire suppression, or where they are too small or too close to human habitation to 
permit the ideal of natural fire regimes. Limited planned ignitions should be a management option only 
in those areas where there are dangerous fuel accumulations, with a resultant threat of catastrophic 
fires, or where they are needed to restore the natural ecosystem." 
 
Sincerely, 
 
Anne Millbrooke 
280 W Kagy Blvd, Ste D 
Bozeman, Montana 59715







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/1/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
‐ Building robust local food systems also depends on our pollinators.  Support legislation to ban the use 
and sale of neonicotinoid insecticides.  
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Catherine Nolan 
209 E Crestline Dr 
Missoula, Montana 59803







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/26/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Mike O'Connell 
P.O. Box 6368 
Bozeman, Montana 59771







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/19/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Dustin Ogdin 
316 Grand Ave. 
Billings, Montana 59101







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/26/2020 
 
Climate Change Council: 
  I have reviewed the draft Montana Climate Solutions Plan and was impressed to find many good 
recommendations as to how our carbon footprint can be diminished and climate change slowed.  
However, our insistence upon the use of private automobiles for nearly all of our transportation needs is 
a major contributor to the threat of climate change.  The Plan discusses the possibilities of electric 
vehicles, ride sharing, and even the promotion of bicycle transportation to decrease the amount of fossil 
fuels burned.  To my disappointment,  I could find no discussion of the potential of mass transit for both 
local and intra‐state travel.  Buses, trains, and shuttles could remediate greatly, our carbon footprint.  By 
combining the ever improving electric propulsion systems with the mass transit concept, even greater 
gains are possible. 
  Montana is in a unique position with its existing rail system which serves both the high‐line of 
Montana as well as the more populated southern half, which is often referred to as the Hiawatha Route.  
These two routes merge near Williston, North Dakota and at Sandpoint, Idaho to form a continuous rail 
transportation loop around the state.   Amtrak now serves the high‐line with one passenger train per 
day, which is used extensively by locals for medically related travel, shopping trips, and family contact.   
The southern Hiawatha route is used only for freight. 
  Convenient, comfortable, and affordable passenger rail service around this entire loop, with 
connecting bus or shuttle service to population and business centers would entice countless 
businessmen and women, university students, families, and tourists to park their cars and hoop the 
train.    
  Smaller self‐propelled commuter style passenger coaches would be ideal for this use.  They are 
available with electric propulsion, but even if Montana relied on more conventional diesel‐electric 
locomotives, there would be a very significant reduction in the burning of fossil fuels.  On the east coast 
CSX freight trains claim that they can move 1 ton of material 500 miles on 1 gallon of diesel fuel.   EPA 
claims that for every ton‐mile, a truck emits about 3 times more nitrogen oxide and particulates than a 
locomotive does. 
  The greatest obstacle to mass transit systems in America is attitude.  At the same time, it is hard 
to deny that a well used mass transit system across the State of Montana would greatly reduce pollution 
from internal combustion engines.  The Montana Climate Solutions Plan would be remiss to ignore 
the opportunity to address mass transit systems including trains, buses, and shuttles. 
 
Sincerely, 
 
Paul Pacini 
303 State Street 
Helena, Montana 59601‐5788







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/23/2020 
 
Council members and Governor, 
  
Montana needs a climate plan, as our state stands to be significantly affected by climate change ‐‐  and 
not for the good.  
 
I support establishing an energy storage standard and advancing energy efficiency tools. Energy 
efficiency is extremely cost‐effective. 
 
To make the plan stronger, please consider the following: 
 
‐ State support for local food systems would improve both the adaptation and pollution reduction 
sections of this plan. Supporting local food infrastructure will reduce the carbon impact of food traveling 
thousands of miles to reach Montana plates, and will benefit local economies statewide.  
 
∙ Enforced limits on the flaring, venting, and leaking of methane and other greenhouse gases from the oil 
and gas industry. 
 
∙ Walk away from proposals for Carbon Capture and Sequestration. Despite significant public 
investment, CCS has not proven to be a viable technology to reduce greenhouse gas pollution nor to 
make coal economically competitive. CCS is merely a distraction and should not receive public funding. 
 
I appreciate the opportunity to comment on the Montana Climate Solutions Plan.  Thank you for your 
work. 
 
Sincerely, 
 
Steve Paulson 
1024 N 25th Street 
Billings, Montana 59101







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/26/2020 
 
Climate Change Council and Governor: 
  I have reviewed the draft Montana Climate Solutions Plan and was impressed to find many good 
recommendations as to how our carbon footprint can be diminished and climate change slowed.  
However, our insistence upon the use of private automobiles for nearly all of our transportation needs is 
a major contributor to the threat of climate change.  The Plan discusses the possibilities of electric 
vehicles, ride sharing, and even the promotion of bicycle transportation to decrease the amount of fossil 
fuels burned.  To my disappointment,  I could find no discussion of the potential of mass transit for both 
local and intra‐state travel.  Buses, trains, and shuttles could remediate greatly, our carbon footprint.  By 
combining the ever improving electric propulsion systems with the mass transit concept, even greater 
gains are possible. 
  Montana is in a unique position with its existing rail system which serves both the high‐line of 
Montana as well as the more populated southern half, which is often referred to as the Hiawatha Route.  
These two routes merge near Williston, North Dakota and at Sandpoint, Idaho to form a continuous rail 
transportation loop around the state.   Amtrak now serves the high‐line with one passenger train per 
day, which is used extensively by locals for medically related travel, shopping trips, and family contact.   
The southern Hiawatha route is used only for freight. 
  Convenient, comfortable, and affordable passenger rail service around this entire loop, with 
connecting bus or shuttle service to population and business centers would entice countless 
businessmen and women, university students, families, and tourists to park their cars and hoop the 
train.    
  Smaller self‐propelled commuter style passenger coaches would be ideal for this use.  They are 
available with electric propulsion, but even if Montana relied on more conventional diesel‐electric 
locomotives, there would be a very significant reduction in the burning of fossil fuels.  On the east coast 
CSX freight trains claim that they can move 1 ton of material 500 miles on 1 gallon of diesel fuel.   EPA 
claims that for every ton‐mile, a truck emits about 3 times more nitrogen oxide and particulates than a 
locomotive does. 
  The greatest obstacle to mass transit systems in America is attitude.  At the same time, it is hard 
to deny that a well used mass transit system across the State of Montana would greatly reduce pollution 
from internal combustion engines.  The Montana Climate Solutions Plan would be remiss to ignore 
the opportunity to address mass transit systems including trains, buses, and shuttles.  
 
Very Sincerely, 
 
Becky Piske 
 
Sincerely, 
 
Becky Piske 
303 State Street 
Helena, Montana 59601‐5788







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/24/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Doug Rand 
14525 Spanish Breaks Trl 
Gallatin Gateway, MT, Montana 59730‐9693







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/26/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry.  This gas should be captured and used as a source of energy, if We 
are going to 
vent this gas, do not waste the gas. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
*End the ongoing program to control the weather via cirrus cloud enhancement and aerial 
dissemination of nano‐particulates in the upper atmosphere.  Eventually these fine metal oxides fall 
back to earth and create health hazards to humans and animals breathing the air and act as accelerants 
to fire as the fine particulate coats our land and vegetation. 
 
Sincerely, 
 
Douglas Rhodes 
P.O. Box 1646 







Whitefish, Montana 59937







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/25/2020 
 
Council members and Governor, 
  
We are commenting on the Preliminary Recommendations and Key Questions of the Montana Climate 
Solutions Plan. John and I are in full support of a climate plan for the state of Montana. Together we can 
build healthy and prosperous communities not only for now, but for future generations. 
  
We commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
We strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Gail Richardson 
5263 Cimmeron Drive 
Bozeman, Montana 59715







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/1/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Millie Robinson 
816 N Kendrick 
Glendive, Montana 59330







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/3/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Rita Rozier 
39 Billman Lane 
Livingston, Montana 59047







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/2/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Eric Saalborn 
580 MacGregor 
Belgrade, Montana 59714







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/23/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
I may not live in Montana, but I live on the same planet... 
 
Sincerely, 
 
Douglas Sedon 
2815 Fry Road 
Jefferson, Maryland 21755







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/31/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Makenna Sellers 
654 N Ewing St 
Helena, Montana 59601







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/28/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Heather Sheffield 
PO Box 202 
Livingston, Montana 59047







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/23/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Wade Sikorski 
19 Wicklow Ln. 
Baker, Montana 59313‐9631







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/25/2020 
 
Dear Governor and Council members, 
  
Last year I purchased a photovoltaic system for my home. 
 
Yes, I am in total support of a climate plan for the state of Montana.  
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Thank you and best to us all. 
Sincerely, 
Rhett Smith 
 
Sincerely, 
 
Rhett Smith 
PO Box 41 
RED LODGE, Montana 59068







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/23/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Hannah Specht 
1532 Van Buren St. 
Missoula, Montana 59802







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/23/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Karen Stevenson 
106 Whistling Pines, PO Box 1176 
Miles City, Montana 59301







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/25/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Don Thompson 
11 Blackstone St. #7 
Cambridge, Massachusetts 2139







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
4/23/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Rachel Torres 
1306 N River Ave 
Glendive, Montana 59330







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/25/2020 
 
Council members and Governor, 
  
I am in full support of a climate plan for the state of Montana! 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
‐ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
‐ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
‐ Recommend that Montana support green transportation for citizens. Due to Montana's geographic 
size, we travel further for single trips than most other states in the nation. Providing support for electric 
transportation infrastructure will help reduce carbon emissions for these trips. 
 
‐ Recommend that Montana support renewable energy creation. Solar panels, pumped hydro storage, 
hydropower, geothermal, and will all play an important role in our sustainable future. 
 
Sincerely, 
 
David Wahlstrom 
33 Hitching Post Road 
White Sulphur Springs, Montana 59645







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/26/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Sayer Wickham 
1405 S. Grand Ave. 
Bozeman, Montana 59715







Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 
 
3/25/2020 
 
Council members and Governor, 
  
Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 
  
I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 
 
I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 
 
To make the plan stronger, please consider the following: 
 
‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 
 
∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 
 
∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 
 
Sincerely, 
 
Susan Xanthopoulos 
1261 Frying Pan Rd 
Dillon, Montana 59725
 








 
 


Montana DEQ    


c/o Rebecca Harbage/Director's Office 


P.O. Box 200901  


Helena, MT 59620‐0901 


 


Council members and Governor Bullock, 


 


Northern Plains Resource Council appreciates the opportunity to comment on the Preliminary 


Recommendations and Key Questions of the Montana Climate Solutions Plan. Northern Plains 


Resource Council is a grassroots, conservation and family agriculture group founded in 1972. 


Since our founding, Northern Plains sought common-ground with our neighbors and our local 


and government officials to create policy that protects clean air and clean water in Montana. This 


plan aligns with that mission. Northern Plains fully supports the creation of a climate plan for the 


state of Montana, as it will provide the roadmap necessary to find bi-partisan and broad 


stakeholder solutions to addressing Montana’s role in combatting the effects of a changing 


climate. Northern Plains thanks the council for your commitment to reducing the state’s 


greenhouse gas emissions in a collaborative manner, and hope such collaboration will continue 


on all sides. 


 


Northern Plains would like to offer our support and our recommended changes to the plan in the 


areas that match the scope of our program work: alternative energy, soil health, local food 


access, and communities living near oil & gas development or environmental cleanup sites. 


We’ve organized our comments in accordance to the content and structure of this plan. 


 


1. Preparing Montanans for Climate Impacts  


 


 Northern Plains fully supports the strategy to develop and coordinate a network of 


Climate Extension Specialists in recommendation 1B. We would encourage more robust 


funding for the Montana Climate Office and a stronger link between Climate Extension 


Specialists and field testing. Additionally, it is incredibly important to include tribal 


members, farmers, ranchers, and landscape managers in the network of Climate 


Extension Specialists.  


 In recommendation 1C, consider adding a bullet point that reads: “Encourage 


municipalities to incorporate soil specialists to develop strategies improving soil health 


in urban environments.”  


 In recommendation 1F, consider bifurcating this recommendation so that water 


conservation and storage related to Montana’s private working landscapes remains in 


section 1 (adaptation and preparing for impacts), whereas soil carbon storage and tillage 


moves to section 2 (reducing greenhouse gas emissions). We implore the council to tread 


lightly with the concept of land as a carbon sink. 







 
 Under the key strategies of 1F, consider adding a new bullet that reads:“Support 


conservation planning with NRCS to help farmers and ranchers develop long term plans 


with technical service providers for soil health adaption.” 


 In recommendation 1F, be sure to include soil health specialist opportunities for city 


landscapes and city parks to be more climate resilient. The city of Boulder, CO offers a 


menu of resources on this subject.  


 In the key strategies bullet points of 1F, consider adding flooding to the list of issues to 


address when targeting Farm Bill programs that would support private working lands. 


 Under recommendation 1H, consider adding a new bullet point that reads: “Integrate 


assessments of natural systems, including but not limited to soil water holding capacity, 


cover crops, forests, etc., into adaptive water management plans.”  


 Under recommendation 1H, consider adding a new bullet for monitoring statewide water 


quality and quantity prior to and after oil and gas development. 


 


2. Strategies to Reduce Greenhouse Gas Emissions 


 


 Northern Plains strongly supports the recommendations listed in 2B, especially the 


adoption of a Demand Response Standard and an Energy Storage Standard for the state’s 


IOUs. 


 Under recommendation 2C, Northern Plains is opposed to the loan-based model of on-


bill financing. We would like to emphasize tariffed on-bill financing included in this 


plan. 


 We are pleased to support all the strategies listed in recommendation 2D. Mechanisms 


that separate profits from energy consumption appeal to our organizational goals of clean, 


efficient, and affordable energy for all. 


 In recommendation 2G, consider adding a strategy that addressed incentives for solar 


development with irrigators and producers. Consider addressing the issue of aggregate 


net metering, an important step for rural properties with multiple building structures and 


therefore multiple meters under one user/household. 


 In recommendation 2O, we would like to point out that a federal reporting program 


already exists for facilities that produce more than 25,000 metric tons of CO2 to annually 


report their emissions. Montana has 31 facilities that qualify and are required to report 


their emissions within this program, ranging from Sidney Sugars to the Billings City 


landfill.  


 The remainder of our comments on recommendation 2O address two of the specific key 


strategies that fall under the oil and gas sector.  


 We have concerns with the strategy that reads “In the Oil and Gas Sector, 


consider directing staff at MT DEQ and MT Board of Oil and Gas Conservation 


to meet with oil and gas operators at a minimum of once annually to promote best 


management practices such as leak detection and repair, high-bleed pneumatic 


controllers, and the manual liquids unloading process. Work toward educating 
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well and pipeline operators on methane gas capture and reduction in fugitive 


emissions.” In general, language like “consider,” “promote,” and “work toward” 


when applied to policy is difficult to interpret and puts the staff charged with 


fulfilling the requests in a challenging situation. This language should be 


replaced.   


We recommend instead that Montana develop and adopt state-level protections 


that limit the flaring, venting, and leaking of air pollution from the oil and gas 


industry. Federal packages intending to address flaring and venting from oil and 


gas infrastructure has consistently been repealed, re-instated, held up in the courts, 


or administratively stalled. Other Western states like Colorado have been better 


served by state-level standards that offer greater regulatory certainty and put all 


operators working within the state on equal footing.  


 Specifically, we recommend: 


1. Prohibiting venting except in cases of emergency, and defining what qualifies 


as an emergency 


2. Limiting routine flaring to 60 MCF (instead of 100 MCF) per day 


3. Limiting the number of successive exemptions a specific well can be granted 


to flare beyond the daily limit. 


4. Requiring operators to submit a detailed gas capture plan as part of their 


Application for a Permit to Drill (APD) 


5. Developing and requiring a leak detection and repair (LDAR) program for oil 


and gas infrastructure within the state that includes semi-annual inspections at 


well sites and compressor stations. It is important to note that many of the 


federal regulations that required LDAR have since been eliminated or 


weakened. This includes the New Source Performance Standards (NSPS). 


6. Requiring replacement of high-bleed pneumatic controllers with low-bleed or 


no-bleed controls. 


7. Requiring payment of royalties to mineral owners on flared, vented, or leaked 


gas. 


8. Requiring implementation of best practices to minimize emissions during 


removal of liquids 


The Montana Climate Solutions Council should investigate in more detail the 


Bureau of Land Management and Environmental Protection Agency’s final rules 


around oil and gas air pollution from 2016, which have largely been repealed. 


While some components may apply more to federal authority, a robust amount of 


work was done around best practices and recommendations to limit emissions in 


the oil and gas industry.  


 In the key strategy concerning orphaned wells, the council is correct in asserting 


that funding is a key barrier to plugging orphaned wells. The Council should 


advocate for a regular line item or more substantial funding package for the Board 


of Oil & Gas’s Damage Mitigation Account at the Montana Legislature.  







 
The other key barrier to minimizing orphaned wells, many of which emit 


methane, are Montana’s bonding regulations. A single well can bond for $10,000 


and multiple wells can bond for $50,000. Plugging one well alone can cost 


upwards of $100,000 and far more, depending on what’s needed. Low bond 


requirements invite operators without the appropriate cash flow or financial 


backing to do business in our state, and ultimately create the situation we 


currently face – thousands of orphaned wells across Montana, and a staff and 


board ill-equipped to plug them in a timely manner. We recommend the state 


initiates a comprehensive review of well bonding and a revision to bonding 


requirements through rule.  


 Northern Plains strongly opposes any state money dedicated to the advancement of 


Carbon Capture and Storage Technologies (CCS) listed in recommendation 2P. Carbon 


Capture and Sequestration facilities have not proven to be a viable technology to 


significantly reduce greenhouse gas emissions or make coal economically competitive in 


the future. There is no evidence that CCS facilities are economically viable, even with the 


federal 45Q tax credits. While private investors can certainly continue to fund research 


efforts, CCS facilities should not receive public funding. Major utilities like PacifiCorps 


do not consider CCS a viable option before 2025. PacifiCorps lists their analysis in 


further detail within their most recently released IRP.1 Factors contributing to this 


position include capital cost risk uncertainty, the availability of commercial sequestration 


(non-EOR) sites, uncertainty regarding long term liabilities for underground 


sequestration, and the availability of federal funding to support such projects. Moreover, 


there is scant evidence that CCS technology is viable at scale, making big public 


investments in CCS facilities extremely risky. There are many more failed CCS projects 


than successful projects. For example, the Kemper Plant in Mississippi went $4 billion 


over budget and never came online; it eventually topped $7 billion to construct and the 


Mississippi DOJ launched an investigation into the fact that this was one of the most 


expensive options to provide electricity to Mississippi ratepayers.2  


 


 In recommendation 2Q, we kindly request that council identify what a new generation 


cap to replace the 50kW cap for distributed energy systems might be. Given the 


technology advancements and current cost of solar generation, Northern Plains supports a 


250 kW cap. Such a number is appropriate for site agricultural users and large 


commercial/industrial users, both which can require far more than a 50 kW generating 


system to meet their needs.  


  


In closing our comments for section 1 and section 2, the missing strategies that Northern Plains 


identifies relate to sourcing, promoting, and funding local food systems. Today, food travels 


between 1,500 and 2,500 miles from the farm to the consumer’s table. Along with soil health and 


improved land management practices, building robust local food systems through increased 


                                                           
1 PacifiCorps (2019, Oct 18). 2019 Integrated resource plan. Vol 1, p. 158. Retrieved from: 


https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/energy/integrated-resource-plan/2019_IRP_Volume_I.pdf 
2 https://arstechnica.com/tech-policy/2019/05/department-of-justice-opens-investigation-into-failed-carbon-capture-plant/ 
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funding and support from the state can result in a large impact on climate change. Sustainably 


and locally-sourced foods reduce the carbon impact of food traveling thousands of miles to reach 


Montana. Choosing local food first is good for our health, our climate, and our communities. 


 


 


3. Capturing Innovations Opportunities in Montana’s Response to Climate Change 


and Addressing the Needs of Workers and Communities in Transitions. 
 


 Northern Plains recommends rewriting 3D to read: “Balance support for existing 


industries in Montana that are responsive to the climate crisis with state efforts to recruit 


new industries that are equally responsive to the climate crisis, all while protecting and 


providing well-paid and just employment opportunities for workers.” 


 We also recommend editing the agriculture key strategy under recommendation 3D to 


read: “Agriculture—including efforts to increase water holding capacity of soil, species 


diversity, and productivity, secure financial incentives for regenerative practitioners, and 


others.” 


This draft plan represents an extensive amount of work completed by the Climate Solutions 


Council, and again we would like to thank the council for your efforts. One broad thing we 


noticed in reading this draft plan was the repetitive use of the word “resilience” without any 


definition or indication of scope. Northern Plains would support the council defining what 


building resilience might encompass in the final version of this plan. 


Thank you for your consideration of our comments, and for creating such a promising plan for 


climate solutions in Montana. 


 


 


 


 


Sincerely, 


 


Jeanie Alderson, Chairperson Northern Plains Resource Council 


220 S. 27th Street, Suite A  


Billings, MT 59101 







Montana DEQ    

c/o Rebecca Harbage/Director's Office 

P.O. Box 200901  

Helena, MT 59620‐0901 

Council members and Governor Bullock, 

Northern Plains Resource Council appreciates the opportunity to comment on the Preliminary 

Recommendations and Key Questions of the Montana Climate Solutions Plan. Northern Plains 

Resource Council is a grassroots, conservation and family agriculture group founded in 1972. 

Since our founding, Northern Plains sought common-ground with our neighbors and our local 

and government officials to create policy that protects clean air and clean water in Montana. This 

plan aligns with that mission. Northern Plains fully supports the creation of a climate plan for the 

state of Montana, as it will provide the roadmap necessary to find bi-partisan and broad 

stakeholder solutions to addressing Montana’s role in combatting the effects of a changing 

climate. Northern Plains thanks the council for your commitment to reducing the state’s 

greenhouse gas emissions in a collaborative manner, and hope such collaboration will continue 

on all sides. 

Northern Plains would like to offer our support and our recommended changes to the plan in the 

areas that match the scope of our program work: alternative energy, soil health, local food 

access, and communities living near oil & gas development or environmental cleanup sites. 

We’ve organized our comments in accordance to the content and structure of this plan. 

1. Preparing Montanans for Climate Impacts

 Northern Plains fully supports the strategy to develop and coordinate a network of

Climate Extension Specialists in recommendation 1B. We would encourage more robust

funding for the Montana Climate Office and a stronger link between Climate Extension

Specialists and field testing. Additionally, it is incredibly important to include tribal

members, farmers, ranchers, and landscape managers in the network of Climate

Extension Specialists.

 In recommendation 1C, consider adding a bullet point that reads: “Encourage

municipalities to incorporate soil specialists to develop strategies improving soil health

in urban environments.”

 In recommendation 1F, consider bifurcating this recommendation so that water

conservation and storage related to Montana’s private working landscapes remains in

section 1 (adaptation and preparing for impacts), whereas soil carbon storage and tillage

moves to section 2 (reducing greenhouse gas emissions). We implore the council to tread

lightly with the concept of land as a carbon sink.
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 Under the key strategies of 1F, consider adding a new bullet that reads:“Support

conservation planning with NRCS to help farmers and ranchers develop long term plans

with technical service providers for soil health adaption.”

 In recommendation 1F, be sure to include soil health specialist opportunities for city

landscapes and city parks to be more climate resilient. The city of Boulder, CO offers a

menu of resources on this subject.

 In the key strategies bullet points of 1F, consider adding flooding to the list of issues to

address when targeting Farm Bill programs that would support private working lands.

 Under recommendation 1H, consider adding a new bullet point that reads: “Integrate

assessments of natural systems, including but not limited to soil water holding capacity,

cover crops, forests, etc., into adaptive water management plans.”

 Under recommendation 1H, consider adding a new bullet for monitoring statewide water

quality and quantity prior to and after oil and gas development.

2. Strategies to Reduce Greenhouse Gas Emissions

 Northern Plains strongly supports the recommendations listed in 2B, especially the

adoption of a Demand Response Standard and an Energy Storage Standard for the state’s

IOUs.

 Under recommendation 2C, Northern Plains is opposed to the loan-based model of on-

bill financing. We would like to emphasize tariffed on-bill financing included in this

plan.

 We are pleased to support all the strategies listed in recommendation 2D. Mechanisms

that separate profits from energy consumption appeal to our organizational goals of clean,

efficient, and affordable energy for all.

 In recommendation 2G, consider adding a strategy that addressed incentives for solar

development with irrigators and producers. Consider addressing the issue of aggregate

net metering, an important step for rural properties with multiple building structures and

therefore multiple meters under one user/household.

 In recommendation 2O, we would like to point out that a federal reporting program

already exists for facilities that produce more than 25,000 metric tons of CO2 to annually

report their emissions. Montana has 31 facilities that qualify and are required to report

their emissions within this program, ranging from Sidney Sugars to the Billings City

landfill.

 The remainder of our comments on recommendation 2O address two of the specific key

strategies that fall under the oil and gas sector.

 We have concerns with the strategy that reads “In the Oil and Gas Sector,

consider directing staff at MT DEQ and MT Board of Oil and Gas Conservation

to meet with oil and gas operators at a minimum of once annually to promote best

management practices such as leak detection and repair, high-bleed pneumatic

controllers, and the manual liquids unloading process. Work toward educating
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well and pipeline operators on methane gas capture and reduction in fugitive 

emissions.” In general, language like “consider,” “promote,” and “work toward” 

when applied to policy is difficult to interpret and puts the staff charged with 

fulfilling the requests in a challenging situation. This language should be 

replaced.   

We recommend instead that Montana develop and adopt state-level protections 

that limit the flaring, venting, and leaking of air pollution from the oil and gas 

industry. Federal packages intending to address flaring and venting from oil and 

gas infrastructure has consistently been repealed, re-instated, held up in the courts, 

or administratively stalled. Other Western states like Colorado have been better 

served by state-level standards that offer greater regulatory certainty and put all 

operators working within the state on equal footing.  

Specifically, we recommend: 

1. Prohibiting venting except in cases of emergency, and defining what qualifies

as an emergency

2. Limiting routine flaring to 60 MCF (instead of 100 MCF) per day

3. Limiting the number of successive exemptions a specific well can be granted

to flare beyond the daily limit.

4. Requiring operators to submit a detailed gas capture plan as part of their

Application for a Permit to Drill (APD)

5. Developing and requiring a leak detection and repair (LDAR) program for oil

and gas infrastructure within the state that includes semi-annual inspections at

well sites and compressor stations. It is important to note that many of the

federal regulations that required LDAR have since been eliminated or

weakened. This includes the New Source Performance Standards (NSPS).

6. Requiring replacement of high-bleed pneumatic controllers with low-bleed or

no-bleed controls.

7. Requiring payment of royalties to mineral owners on flared, vented, or leaked

gas.

8. Requiring implementation of best practices to minimize emissions during

removal of liquids

The Montana Climate Solutions Council should investigate in more detail the 

Bureau of Land Management and Environmental Protection Agency’s final rules 

around oil and gas air pollution from 2016, which have largely been repealed. 

While some components may apply more to federal authority, a robust amount of 

work was done around best practices and recommendations to limit emissions in 

the oil and gas industry.  

 In the key strategy concerning orphaned wells, the council is correct in asserting

that funding is a key barrier to plugging orphaned wells. The Council should

advocate for a regular line item or more substantial funding package for the Board

of Oil & Gas’s Damage Mitigation Account at the Montana Legislature.
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The other key barrier to minimizing orphaned wells, many of which emit 

methane, are Montana’s bonding regulations. A single well can bond for $10,000 

and multiple wells can bond for $50,000. Plugging one well alone can cost 

upwards of $100,000 and far more, depending on what’s needed. Low bond 

requirements invite operators without the appropriate cash flow or financial 

backing to do business in our state, and ultimately create the situation we 

currently face – thousands of orphaned wells across Montana, and a staff and 

board ill-equipped to plug them in a timely manner. We recommend the state 

initiates a comprehensive review of well bonding and a revision to bonding 

requirements through rule.  

 Northern Plains strongly opposes any state money dedicated to the advancement of

Carbon Capture and Storage Technologies (CCS) listed in recommendation 2P. Carbon

Capture and Sequestration facilities have not proven to be a viable technology to

significantly reduce greenhouse gas emissions or make coal economically competitive in

the future. There is no evidence that CCS facilities are economically viable, even with the

federal 45Q tax credits. While private investors can certainly continue to fund research

efforts, CCS facilities should not receive public funding. Major utilities like PacifiCorps

do not consider CCS a viable option before 2025. PacifiCorps lists their analysis in

further detail within their most recently released IRP.1 Factors contributing to this

position include capital cost risk uncertainty, the availability of commercial sequestration

(non-EOR) sites, uncertainty regarding long term liabilities for underground

sequestration, and the availability of federal funding to support such projects. Moreover,

there is scant evidence that CCS technology is viable at scale, making big public

investments in CCS facilities extremely risky. There are many more failed CCS projects

than successful projects. For example, the Kemper Plant in Mississippi went $4 billion

over budget and never came online; it eventually topped $7 billion to construct and the

Mississippi DOJ launched an investigation into the fact that this was one of the most

expensive options to provide electricity to Mississippi ratepayers.2

 In recommendation 2Q, we kindly request that council identify what a new generation

cap to replace the 50kW cap for distributed energy systems might be. Given the

technology advancements and current cost of solar generation, Northern Plains supports a

250 kW cap. Such a number is appropriate for site agricultural users and large

commercial/industrial users, both which can require far more than a 50 kW generating

system to meet their needs.

In closing our comments for section 1 and section 2, the missing strategies that Northern Plains 

identifies relate to sourcing, promoting, and funding local food systems. Today, food travels 

between 1,500 and 2,500 miles from the farm to the consumer’s table. Along with soil health and 

improved land management practices, building robust local food systems through increased 

1 PacifiCorps (2019, Oct 18). 2019 Integrated resource plan. Vol 1, p. 158. Retrieved from: 

https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/energy/integrated-resource-plan/2019_IRP_Volume_I.pdf 
2 https://arstechnica.com/tech-policy/2019/05/department-of-justice-opens-investigation-into-failed-carbon-capture-plant/ 
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funding and support from the state can result in a large impact on climate change. Sustainably 

and locally-sourced foods reduce the carbon impact of food traveling thousands of miles to reach 

Montana. Choosing local food first is good for our health, our climate, and our communities. 

3. Capturing Innovations Opportunities in Montana’s Response to Climate Change

and Addressing the Needs of Workers and Communities in Transitions.

 Northern Plains recommends rewriting 3D to read: “Balance support for existing

industries in Montana that are responsive to the climate crisis with state efforts to recruit

new industries that are equally responsive to the climate crisis, all while protecting and

providing well-paid and just employment opportunities for workers.”

 We also recommend editing the agriculture key strategy under recommendation 3D to

read: “Agriculture—including efforts to increase water holding capacity of soil, species

diversity, and productivity, secure financial incentives for regenerative practitioners, and

others.”

This draft plan represents an extensive amount of work completed by the Climate Solutions 

Council, and again we would like to thank the council for your efforts. One broad thing we 

noticed in reading this draft plan was the repetitive use of the word “resilience” without any 

definition or indication of scope. Northern Plains would support the council defining what 

building resilience might encompass in the final version of this plan. 

Thank you for your consideration of our comments, and for creating such a promising plan for 

climate solutions in Montana. 

Sincerely, 

Jeanie Alderson, Chairperson Northern Plains Resource Council 

    

Billings, MT 59101 
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/31/2020 

Dear Governor Bullock and members of the Climate Solutions Council: 

Thank you for creating and serving on Montana Climate Solutions Council.  I believe the Council is crucial 
to the future viability and well‐being of our state.   

Although some may think climate issues should be pushed to the back burner at this point in time, just 
the opposite is true.  I have long believed that everything (including humans) are connected.  It has been 
postulated by some scientists that the coronavirus has spread faster and further and is more contagious 
in part due to a warming climate.  If this is even partly the case, it means future viruses could be even 
more dangerous and deadly worldwide.  And it is certain, that those who contract the virus are more at 
risk for severe or deadly outcomes due to dirty and polluted air from our use of fossil fuels. 

Therefore, I fully support the Council's recommendations to reduce greenhouse gas emissions in 
Montana.  Absolutely, it is the time for innovative and creative problem solving, although having said 
that, there are technologies that are already in use that have proven to provide much of the energy we 
need at an affordable cost.  We just have to put them into use on a wide scale.  

There are also technologies waiting in the wings that with some attention and fine tuning will support 
cost‐effective and reliable renewable energy, such as energy storage.   

I would also like to see a recommendation added that Montana limit the flaring, venting, and leaking of 
methane and other greenhouse gases from the oil and gas industry.  This is simply a no brainer and 
would have tremendous beneficial outcomes for the climate, the planet, and for Montanans' health. 

And I would like to see a statewide effort to focus Montanans on the many, many benefits of eating 
locally grown and produced food.  Not only would moving in this direction save energy, it would be an 
important economic boost to our state. 

Thank you, and please include my comments in the official record. 

Adela Awner 

Sincerely, 

Adela Awner 
 

Billings, Montana 59102
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/13/2020 

Council members and Governor, 

Thanks for the opportunity to comment on the Preliminary Recommendations and Key Questions of the 
Montana Climate Solutions Plan. I strongly support a comprehensive climate plan for the state of 
Montana. Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Lee Bartlett 
 

Helena, Montana 59601
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/25/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Bruce Bender 
 

Missoula, Montana 59801‐5725
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/28/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Susann Beug 
 

Red Lodge, Montana 59068
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/3/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

    Recommend enhancing our transportation system with interurban passenger rail lines, and promoting 
the creation of charging facilities for electric vehicles statewide. 

Sincerely, 

Daniel Biehl 
 

GREAT FALLS, Montana 59405
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/26/2020 

Council members and Governor, 

As a member of Bozeman Citizens Climate Lobby, and a person deeply concerned about climate change, 
I want to thank you for the opportunity to comment on the Preliminary Recommendations and Key 
Questions of the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of 
Montana. Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Norman Bishop 
 

Bozeman, Montana 59715
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/28/2020 

Dear Council Members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan.  

I am extremely happy to see this coming together and strongly support broad based action to respond 
to climate change and meet the needs of Montana communities.  This is an excellent start and I 
commend the council for its hard work!  

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

* Increase funding for building robust local food systems. Food that travels between 1,500 and 2,500
miles to reach our plates has an immense carbon impact. Montana agriculture, including small growers
and processors, can partner will these efforts and build local food security to counter risks from climate
change.

* Assist efforts to close open/abandoned gas and oil wells and eliminate bad practices like flaring,
venting, and leaking of methane and other greenhouse gases (GHG).

* Eliminate public funding for Carbon Capture Sequestration (CCS) and invest in technologies that
actually work.  CCS facilities have not proven to be a viable technology and should not be publicly
funded.

* Recommend increased grant and technical support to help local governments integrate climate goals
into land use development and transportation planning and implement these initiatives (as well as
emergency services).

* Recommend regional transportation boards to link state and local transportation planning to develop
plans for reducing vehicle miles traveled.

* Recommend solid waste efficiency and wastewater efficiency projects. Less waste and more efficient
treatment systems is another place to save GHG.

* Encourage all sectors to set interim goals and reassess every 3‐5 years to address changing conditions
and priorities as well as new and emerging technologies and improved data on what works.
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Thank you again for all your efforts. Overall I am very happy with the draft as a whole and look forward 
to doing what I can to assist in assist these efforts and providing our kids with hope for a stable and 
vibrant future.  

Sincerely, 

Susann Bradford, MS, EDD 
JD candidate 2021 

Sincerely, 

Susann Bradford 
 

Missoula, Montana 59802
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/23/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. It would also help create more 
jobs. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

‐ Create a program to train Montana citizens in all aspects of business and home energy conservation 
and use of renewable energy.  Graduates of a program could then be employed to help 
implement/utilize many aspects of Montana's Climate Solutions Plan by helping business and home 
owners who want to reduce their energy bills and carbon footprint.  My personal experience in Missoula 
was that when we went to add solar, an energy efficient central heating and cooling system, insulation, 
radon mititgation, and water and electric conservation none of the contractors could/would help or 
advise us with the overall energy picture of our house.  Thus we spent too much money with sub‐
optimal results.    

‐ Support/endorse a national effort to reduce/eliminate fossil fuel CO2 emissions.  Without a national 
plan we (US citizens) will not do enough on an individual basis to alter global warming.  As we have seen 
with the COVID19 pandemic it takes federal and state leadership to address such a large problem.  I 
believe (and many scientists and economists agree) the best method to convert the US to 
renewable/clean energy is through a carbon fee and dividend.  The fee, which increases yearly, would 
be collected on all fossil fuels produced in the US or imported.  The fee would be returned to all US 
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citizens thus encouraging them to use less fossil fuels and to use more renewable energy.  Such a 
program would work hand in hand with the Montana Climate Solutions Plan. 

Thank you again for the opportunity to comment on this most important plan.  My kids and grandkids 
thank you too. 

Paul Buck 

Sincerely, 

Paul Buck 
 

Missoula, Montana 59803
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/20/2020 

Council members and Governor, 

Thanks for the opportunity to comment on the Preliminary Recommendations and Key Questions of the 
Montana Climate Solutions Plan. I am in support of a climate plan for the state of Montana but I feel 
that we can do even more. 

Establishing an energy storage standard and advancing energy efficiency tools are a must. Montana 
must shift away from traditional fossil fuel generation of electricity and invest in all cost‐effective energy 
efficiency in order to meet carbon reduction goals at the lowest cost. 

To improve the plan, please add or revise the following components: 

∙ Develop and implement regulations that significantly limit the flaring, venting, and leaking of methane
and other greenhouse gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

Sincerely, 

Tom Carlson 
 

Missoula, Montana 59802
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/26/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Nancy Carrel 
 

Birney, Montana 59012
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/23/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Patrick Certain 
 

Billings, Montana 59102
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/26/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Dan Cohn 
 

Billings, Montana 59101
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/20/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Gregory Esteve 
 

Lake Wales, Florida 33898
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/25/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Jack Exley 
 

Red Lodge, Montana 59068‐0954
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/23/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Marylis Filipovich 
 

Helena, Montana 59601
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/25/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.
I especially want to see more renewable energy and storage, on community and home and business
scales. Always, efficiency and conservation, in energy systems and also transportation,  housing
development, infill.
Good statewide broadband even in rural areas, could reduce travel! So what if it has to be subsidized?
Roads and air travel are subsidized!

Sincerely, 

Mary Fitzpatrick 
 

Billings, Montana 59101
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/26/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.  Instead pursue carbon capture in the soil by
promoting more reclamation at coal mines.  The reestablishment of grasses on the mined land will help
capture carbon in the plants and in the soil.

Sincerely, 
Mark Fix 

Sincerely, 

Mark Fix 
 

Miles City, Montana 59301

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/27/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana.  

Congratulations on the work you have done to be proactive regarding climate change. The COVID‐19 
pandemic makes climate solutions even more essential! 

Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change.  I hope for a year round Farmers Market.  

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

•I support a carbon fee and dividend plan.

Sincerely, 

Marya Grathwohl 
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Billings, Montana 59101
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/28/2020 

Dear Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. It looks to be a comprehensive, thoughtful document, and I am in 
full support of a climate plan for the state of Montana. We need to work together to build healthy and 
prosperous communities for current and future generations, and the plan provides focus and 
accountability to achieve that end. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools such as 
current energy efficiency building codes, on‐bill financing or other funding mechanisms like PACE, and 
decoupling.  Montana must invest in all cost‐effective energy efficiency in order to meet carbon 
reduction goals at the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Add a professional to the Building Codes Council with a background in energy modeling and building 
science.  

‐ Build robust local food systems through increased funding and support from the state would improve 
the adaptation and emissions reductions sections of this plan. Today, food travels between 1,500 and 
2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon impact of 
food traveling thousands of miles to reach Montana plates and build local food security amidst risks of 
systems disruption from climate change. 

‐ MDT fundamentally needs a new understanding of its mission‐‐it is currently far too invested in 
perpetuating single‐occupant vehicular traffic patterns.  In addition to determining the design of 
highways between communities, MDT also determines how many of the major streets in our 
communities are developed, and they typically create conditions that are not conducive to a variety of 
modes of transit that have lower greenhouse gas emissions.  

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

‐ Distributed generation: we need a study of the costs and benefits that is not funded by NorthWestern 
Energy or other entities with a conflict of interest.  They used a non‐transparent, and the results from 
their study were conveniently self‐serving and were fundamentally different from studies in other states 
that were commissioned by their public service commissions. 

#11a-04



∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Ed Gulick 
 

Billings, Montana 59101
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/25/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Randy Hafer 
 

Billings, Montana 59101
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/25/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

James Halfpenny 
 

Gardiner, Montana 59030
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/20/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Helgaleena Healingline 
 

Madison, Wisconsin 53716
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Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/26/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I suggest that we explore more green energy solutions such as solar and wind energy plus support new 
storage techniques and facilities like water reserviors.  

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Alan Hilden 
 

Billings, Montana 59105

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/25/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Paul Kent 
 

Helena, Montana 59604

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/25/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Jon Kesler 
 

Clancy, Montana 59634

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/23/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Katherine Kolwicz 
 

Missoula, Montana 59802

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/5/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Jeffrey Kreidler 
 

Billings, Montana 59101

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/25/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Steven McArthur 
 

Missoula, Montana 59804

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/26/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in support of a climate plan for the state of Montana.  

I recommend that revision take into consideration the value of adding and protecting federal Wilderness 
on national public lands and similar preservation of state wildlands as important solutions that should 
be part of the plan. 

Wilderness is a climate solution! Wilderness protects biodiversity by providing habitat for public wildlife 
and flora. Wilderness protects watersheds for people as well as the rest of nature. Wilderness stores 
carbon. Wilderness is part of our historical and cultural heritage. Wilderness provides alternative to 
mechanized recreation and to road‐accessible recreation. Wilderness is an idea, an ideal, a value 
appreciated by even those unable to visit. Furthermore, Wilderness in no way diminishes the multiple 
uses of the vast other public lands in the region. 

We have a Wilderness deficit in Montana, and the nation. As ecologist George Wuerthner explained, 
only 3.4 million acres out of the state’s nearly 94 million acres are congressionally designated 
Wilderness. See Wuerthner's article "Montana's Wilderness Deficit," Missoulian, September 11, 2019, 
https://missoulian.com/opinion/columnists/montana‐s‐wilderness‐deficit/article_d0218248‐3eed‐5ddb‐
a935‐81a44532b4f5.html/. 
Montana's wilderness deficit/.  

Furthermore, the draft plan places too much emphasis on fighting fires. That is contrary to science. 
Consider the Sierra Club's policy, which could be adapted to state wildlands: "In areas included in or 
proposed for the National Wilderness Preservation System, fires should be managed primarily by the 
forces of nature. Minimal exceptions to this provision may occur where these areas contain ecosystems 
altered by previous fire suppression, or where they are too small or too close to human habitation to 
permit the ideal of natural fire regimes. Limited planned ignitions should be a management option only 
in those areas where there are dangerous fuel accumulations, with a resultant threat of catastrophic 
fires, or where they are needed to restore the natural ecosystem." 

Sincerely, 

Anne Millbrooke 
 

Bozeman, Montana 59715

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/1/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

‐ Building robust local food systems also depends on our pollinators.  Support legislation to ban the use 
and sale of neonicotinoid insecticides.  

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Catherine Nolan 
 

Missoula, Montana 59803

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/26/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Mike O'Connell 
 

Bozeman, Montana 59771

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/19/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Dustin Ogdin 
 

Billings, Montana 59101

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/26/2020 

Climate Change Council: 
I have reviewed the draft Montana Climate Solutions Plan and was impressed to find many good 

recommendations as to how our carbon footprint can be diminished and climate change slowed.  
However, our insistence upon the use of private automobiles for nearly all of our transportation needs is 
a major contributor to the threat of climate change.  The Plan discusses the possibilities of electric 
vehicles, ride sharing, and even the promotion of bicycle transportation to decrease the amount of fossil 
fuels burned.  To my disappointment,  I could find no discussion of the potential of mass transit for both 
local and intra‐state travel.  Buses, trains, and shuttles could remediate greatly, our carbon footprint.  By 
combining the ever improving electric propulsion systems with the mass transit concept, even greater 
gains are possible. 

Montana is in a unique position with its existing rail system which serves both the high‐line of 
Montana as well as the more populated southern half, which is often referred to as the Hiawatha Route.  
These two routes merge near Williston, North Dakota and at Sandpoint, Idaho to form a continuous rail 
transportation loop around the state.   Amtrak now serves the high‐line with one passenger train per 
day, which is used extensively by locals for medically related travel, shopping trips, and family contact.   
The southern Hiawatha route is used only for freight. 

Convenient, comfortable, and affordable passenger rail service around this entire loop, with 
connecting bus or shuttle service to population and business centers would entice countless 
businessmen and women, university students, families, and tourists to park their cars and hoop the 
train.   

Smaller self‐propelled commuter style passenger coaches would be ideal for this use.  They are 
available with electric propulsion, but even if Montana relied on more conventional diesel‐electric 
locomotives, there would be a very significant reduction in the burning of fossil fuels.  On the east coast 
CSX freight trains claim that they can move 1 ton of material 500 miles on 1 gallon of diesel fuel.   EPA 
claims that for every ton‐mile, a truck emits about 3 times more nitrogen oxide and particulates than a 
locomotive does. 

The greatest obstacle to mass transit systems in America is attitude.  At the same time, it is hard 
to deny that a well used mass transit system across the State of Montana would greatly reduce pollution 
from internal combustion engines.  The Montana Climate Solutions Plan would be remiss to ignore 
the opportunity to address mass transit systems including trains, buses, and shuttles. 

Sincerely, 

Paul Pacini 
 

Helena, Montana 59601‐5788

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/23/2020 

Council members and Governor, 

Montana needs a climate plan, as our state stands to be significantly affected by climate change ‐‐  and 
not for the good.  

I support establishing an energy storage standard and advancing energy efficiency tools. Energy 
efficiency is extremely cost‐effective. 

To make the plan stronger, please consider the following: 

‐ State support for local food systems would improve both the adaptation and pollution reduction 
sections of this plan. Supporting local food infrastructure will reduce the carbon impact of food traveling 
thousands of miles to reach Montana plates, and will benefit local economies statewide.  

∙ Enforced limits on the flaring, venting, and leaking of methane and other greenhouse gases from the oil
and gas industry.

∙Walk away from proposals for Carbon Capture and Sequestration. Despite significant public
investment, CCS has not proven to be a viable technology to reduce greenhouse gas pollution nor to
make coal economically competitive. CCS is merely a distraction and should not receive public funding.

I appreciate the opportunity to comment on the Montana Climate Solutions Plan.  Thank you for your 
work. 

Sincerely, 

Steve Paulson 
 

Billings, Montana 59101

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/26/2020 

Climate Change Council and Governor: 
I have reviewed the draft Montana Climate Solutions Plan and was impressed to find many good 

recommendations as to how our carbon footprint can be diminished and climate change slowed.  
However, our insistence upon the use of private automobiles for nearly all of our transportation needs is 
a major contributor to the threat of climate change.  The Plan discusses the possibilities of electric 
vehicles, ride sharing, and even the promotion of bicycle transportation to decrease the amount of fossil 
fuels burned.  To my disappointment,  I could find no discussion of the potential of mass transit for both 
local and intra‐state travel.  Buses, trains, and shuttles could remediate greatly, our carbon footprint.  By 
combining the ever improving electric propulsion systems with the mass transit concept, even greater 
gains are possible. 

Montana is in a unique position with its existing rail system which serves both the high‐line of 
Montana as well as the more populated southern half, which is often referred to as the Hiawatha Route.  
These two routes merge near Williston, North Dakota and at Sandpoint, Idaho to form a continuous rail 
transportation loop around the state.   Amtrak now serves the high‐line with one passenger train per 
day, which is used extensively by locals for medically related travel, shopping trips, and family contact.   
The southern Hiawatha route is used only for freight. 

Convenient, comfortable, and affordable passenger rail service around this entire loop, with 
connecting bus or shuttle service to population and business centers would entice countless 
businessmen and women, university students, families, and tourists to park their cars and hoop the 
train.   

Smaller self‐propelled commuter style passenger coaches would be ideal for this use.  They are 
available with electric propulsion, but even if Montana relied on more conventional diesel‐electric 
locomotives, there would be a very significant reduction in the burning of fossil fuels.  On the east coast 
CSX freight trains claim that they can move 1 ton of material 500 miles on 1 gallon of diesel fuel.   EPA 
claims that for every ton‐mile, a truck emits about 3 times more nitrogen oxide and particulates than a 
locomotive does. 

The greatest obstacle to mass transit systems in America is attitude.  At the same time, it is hard 
to deny that a well used mass transit system across the State of Montana would greatly reduce pollution 
from internal combustion engines.  The Montana Climate Solutions Plan would be remiss to ignore 
the opportunity to address mass transit systems including trains, buses, and shuttles.  

Very Sincerely, 

Becky Piske 

Sincerely, 

Becky Piske 
 

Helena, Montana 59601‐5788

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/24/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Doug Rand 
 

Gallatin Gateway, MT, Montana 59730‐9693

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/26/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.  This gas should be captured and used as a source of energy, if We
are going to
vent this gas, do not waste the gas.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.
*End the ongoing program to control the weather via cirrus cloud enhancement and aerial
dissemination of nano‐particulates in the upper atmosphere.  Eventually these fine metal oxides fall
back to earth and create health hazards to humans and animals breathing the air and act as accelerants
to fire as the fine particulate coats our land and vegetation.

Sincerely, 

Douglas Rhodes 
 

#11a-04



Whitefish, Montana 59937

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/25/2020 

Council members and Governor, 

We are commenting on the Preliminary Recommendations and Key Questions of the Montana Climate 
Solutions Plan. John and I are in full support of a climate plan for the state of Montana. Together we can 
build healthy and prosperous communities not only for now, but for future generations. 

We commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

We strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Gail Richardson 
 

Bozeman, Montana 59715

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/1/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Millie Robinson 
 

Glendive, Montana 59330

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/3/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Rita Rozier 
 

Livingston, Montana 59047

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/2/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Eric Saalborn 
 

Belgrade, Montana 59714

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/23/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

I may not live in Montana, but I live on the same planet... 

Sincerely, 

Douglas Sedon 
 

Jefferson, Maryland 21755

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/31/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Makenna Sellers 
 

Helena, Montana 59601

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/28/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Heather Sheffield 
 

Livingston, Montana 59047

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/23/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Wade Sikorski 
 

Baker, Montana 59313‐9631

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/25/2020 

Dear Governor and Council members, 

Last year I purchased a photovoltaic system for my home. 

Yes, I am in total support of a climate plan for the state of Montana.  

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Thank you and best to us all. 
Sincerely, 
Rhett Smith 

Sincerely, 

Rhett Smith 
 

RED LODGE, Montana 59068

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/23/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Hannah Specht 
 

Missoula, Montana 59802

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/23/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Karen Stevenson 
 

Miles City, Montana 59301

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/25/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Don Thompson 
 

Cambridge, Massachusetts 2139

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

4/23/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Rachel Torres 
 

Glendive, Montana 59330

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/25/2020 

Council members and Governor, 

I am in full support of a climate plan for the state of Montana! 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

‐ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse 
gases from the oil and gas industry. 

‐ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities 
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal 
economically competitive. CCS facilities should not continue to receive public funding, and Montana 
should focus on more promising climate solutions. 

‐ Recommend that Montana support green transportation for citizens. Due to Montana's geographic 
size, we travel further for single trips than most other states in the nation. Providing support for electric 
transportation infrastructure will help reduce carbon emissions for these trips. 

‐ Recommend that Montana support renewable energy creation. Solar panels, pumped hydro storage, 
hydropower, geothermal, and will all play an important role in our sustainable future. 

Sincerely, 

David Wahlstrom 
 

White Sulphur Springs, Montana 59645

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/26/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Sayer Wickham 
 

Bozeman, Montana 59715

#11a-04



Montana DEQ  
c/o Rebecca Harbage/Director's Office 
P.O. Box 200901 
Helena, MT 59620‐0901 

3/25/2020 

Council members and Governor, 

Thank you for the opportunity to comment on the Preliminary Recommendations and Key Questions of 
the Montana Climate Solutions Plan. I am in full support of a climate plan for the state of Montana. 
Together we can build healthy and prosperous communities not only for now, but for future 
generations. 

I commend this council for their dedication to mitigating and reducing Montana's greenhouse gas 
emissions through collaborative solutions, while encouraging innovation and creative problem‐solving 
for adaptation. 

I strongly support establishing an energy storage standard and advancing energy efficiency tools. 
Montana must invest in all cost‐effective energy efficiency in order to meet carbon reduction goals at 
the lowest cost. 

To make the plan stronger, please consider the following: 

‐ Building robust local food systems through increased funding and support from the state would 
improve the adaptation and emissions reductions sections of this plan. Today, food travels between 
1,500 and 2,500 miles to reach our plates. Supporting local food infrastructure can reduce the carbon 
impact of food traveling thousands of miles to reach Montana plates and build local food security amidst 
risks of systems disruption from climate change. 

∙ Recommend that Montana limit the flaring, venting, and leaking of methane and other greenhouse
gases from the oil and gas industry.

∙ Remove Carbon Capture Sequestration suggestions. Despite significant public investment, CCS facilities
have not proven to be a viable technology to reduce greenhouse gas emissions nor make coal
economically competitive. CCS facilities should not continue to receive public funding, and Montana
should focus on more promising climate solutions.

Sincerely, 

Susan Xanthopoulos 

Dillon, Montana 59725
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From:
To:
Subject:
Date:
Attachments:

Kevin & Carol Jump
Climate Council
[EXTERNAL] Comments on climate actions
Tuesday, March 31, 2020 4:44:32 PM

Dear members,

Thank you for taking the time to consider what is one of the most important issues facing the
state of Montana and every person within whether they know it or not. We have but only a
relatively short amount of time to substantially effect our energy needs from fossil fuels to
more renewable based.

I am a forth generation Montanan, that have roots going back to the early homesteaders of the
Grass Range country. We've been involved in Farming, Ranching, and the Timber industry
since that time. My personal background has been in the Timber industry since I was a kid
some sixty years ago. So I have a lifetime of experience of living and working in the woods. 
With that said, I've seen the good times and the bad times of our state's Timber Industry that
was and is an extremely important part of our state economy, that is poised to be of great
importance to adapt our economy and forest health to prepare for possible climate changes
(that so many waste valuable time and money pointing fingers at what is unconfirmed causes).

With our governor proclaiming that Montana has over five million acres of high risk forests
vulnerable to catastrophic wildfire that needs treatment, it is past time to focus on forest health
as the most practical, economical and easiest way to reduce our carbon footprint. I urge you to
consider these benefits in the goal to achieve once healthy forests.

* Rural employment and economic development
1. High paying jobs
2. Infrastructure investment

* Forest and watershed improvement
1. Clean water
2. Clean air
3. Habitat improvement
4. More quality recreational opportunities

* Energy diversity and security
1. Firm, renewable electricity
2. Renewable, drop in Biofuels

These benefits and more can be achieved by putting Biomass thermal energy on a level
playing field with wind and solar. 

By prioritizing Biomass thermal energy, it would give incentive to private business to build
facilities to utilize Biomass ( Forest, Agriculture residuals and landfill wood wastes) that are
currently being burned or land filled, thus creating further air quality problems and reducing
landfill capacity.
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Executive Summary
The U.S. biomass industry is at a crossroad. The contribution of biomass power generation is second only
to that of hydropower among the renewables to the national energy supply.  Biomass has always been
used to generate power in the forest products industry, but its widespread use for supplying power to the
U.S. grid is a relatively recent phenomenon, a response to the energy crises of the 1970s.  Today
independent biomass power generators supply 11 billion kWh/yr to the national electricity grid and, in the
process, provide an environmentally superior disposal service for 22 million tons/yr of solid waste.


The problem is that, in the current environment of cheap fossil fuel supplies and deregulation of the
electric utility industry, biomass power generation may be unable to compete.  The inherent cost of power
generation from biomass is high for two principal reasons:  (1) Biomass is a low-density fuel, so fuel
production, handling, and transportation are more expensive than for fossil fuels; and (2) because of the
dispersed nature of the resource, biomass power generating facilities tend to be small, so they cannot
capture the economies of scale typical of fossil fuel-fired generating facilities.  These characteristics leave
biomass generation at a distinct disadvantage in a market that is increasingly driven by cost.


The great dilemma for public policy is that, although biomass power generation is expensive, it also
provides very valuable waste disposal services that would be lost if the industry were to fail.  Shrinkage
of the industry in several regions during the past few years means that residues previously used for energy
production are now being open burned or buried in landfills.  Jurisdictions that have trouble meeting
environmental mandates are finding their efforts at compliance completely trumped when they experience
a drop in demand for biomass fuels.


This report describes an attempt to estimate the value of the ancillary services provided by biomass power
generation, in order to provide policy makers with a yardstick against which to judge the cost of policy
interventions that might preserve the viability of the biomass power industry.  The following categories of
impacts are considered:


•  Criteria air pollutants
•  Greenhouse gas emissions
•  Landfill capacity use
•  Forest and watershed improvement
•  Rural employment and economic development
•  Energy diversity and security


This report uses an analytical approach to compare the impacts of biomass energy production with that of
alternative disposal of the residues, as well as of the alternative provision of the energy product.  The
principal alternative fates for biomass residues in the absence of energy production are open burning,
landfill burial, and accumulation in forests.  Approximately half the biomass fuels used by the
independent biomass power industry in the United States today would be buried in landfills.  Another
third would be open burned.  The remainder would be spread, composted, or remain as overstocked
material in the forests.


Open burning of biomass residues produces massive emissions of smoke that contains particulates and
other pollutants.  Landfill burial of biomass residues accelerates the depletion of landfill capacity and
leads to much higher emissions of greenhouse gases compared to controlled combustion of the material in
power plants.  Failure to thin and remove excess biomass from overgrown forests depresses forest health
and productivity, increases risks of catastrophic wildfires, and degrades functioning of watersheds.


The environmental services provided by biomass power production are clearly valuable to society.  Just
how valuable, however, is not a simple question.  The marketplace for environmental services provides
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some insights.  The best market values available in the literature for criteria pollutants, greenhouse gases,
landfill use, and mechanical thinning of forests are applied to the savings in these quantities associated
with biomass energy production, allowing the calculation of a value for the environmental services
provided, at least within the context of the categories included in the analysis.  Based on a base-case,
conservative analysis, the value of the environmental services associated with biomass energy production
in the United States is 11.4 ¢/kWh.  Moreover, this value includes none of the desirable benefits of rural
employment, rural economic development, and energy diversity and security provided by biomass energy
production.


A major contributor of value in the overall benefits calculation consists of greenhouse gas emissions.
Greenhouse gas emissions are currently not regulated in the United States, and enacting programs to limit
them is controversial.  Counting greenhouse gas emissions at zero value leaves a residual value for the
environmental benefits of biomass energy production for all  other impact categories of 4.0 ¢/kWh.
Taking minimum estimates for the values of all impact categories included in the analysis, the computed
value of the nonelectric benefits of biomass energy is 4.7 ¢/kWh.  Using a long-term perspective for the
delayed emissions from landfills yields a calculated benefit value of 14.1 ¢/kWh.


Current experience in California with support payments in the amount of 1.5 ¢/kWh shows that this level
of support apparently provides the incentive needed for the continued operation of biomass energy
facilities.  However, the rest of the country has no such program, and the support program in California
will be scaled back at the end of 1999, and eliminated two years later.  The future of the industry may
depend on the enactment of policies that provide tangible, ongoing compensation to biomass generators
for the ancillary services they currently provide free of charge.  The amount of compensation needed is
only a small fraction of the value of the benefits preserved.  Demonstrating that there will be a substantial
net benefit to society from policies that preserve the viability of the biomass energy industry in the United
States is easy.
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1.0 Introduction: Description of the U.S. Biomass Energy
Industry


The biomass energy industry in the United States is one of the greatest, but least known, successes of the
late 1970s. It enhances energy security and improves the environment.  Biomass power plants today
provide 2,410 MW of power to the national power grid, and an additional 5,035 MW of power directly to
industrial energy users, particularly in the wood products industry.  Biomass power generation consumes
more than 100 million tons/yr of fuel, virtually all of which is waste or residue material that requires
some form of treatment and disposal.


This report focuses on the segment of the biomass power industry that, because of changing conditions in
the electric utility industry, is most vulnerable to extinction: the facilities outside the pulp and paper
industry, and that generate power for distribution and sale through the interconnected electric utility grid.
This segment consists of more than 100 operating biomass generation facilities in 23 states.  These
facilities provide 1,860 MW of power generating capacity to the U.S. grid, and provide for the disposal
of 22 million tons/yr1 of waste and residue material.  This segment would become eligible for the IRS
Section 45 tax credit, should legislation currently under consideration by Congress be enacted into law.


This report presents the results of a study of the environmental and social benefits associated with
biomass power production in the United States today.  The approach involved conducting a literature
search to identify the types and magnitudes of benefits provided by biomass power production, and the
economic or dollar value of the benefits categories of interest.  Readily available data were plugged into
a model that computes the values of the identified and quantified benefits of biomass power production.
The model traces the benefits from their sources, such as the avoided landfill disposal and avoided open
burning of biomass residue materials.  Avoided emissions, landfill use, and forestry improvements are
quantified, and economic values are applied to the measures.  Finally, the value of the alternative
disposal activities is compared to the value of the energy option, allowing the value of the net cost or
benefit of the energy pathway to be computed.


                                                
1 Biomass fuels are sometimes reported in terms of green tons, and other times as bone dry ton (bdt) equivalents,
which is a measure of the fiber content of the material.  Green tons are used in the text of this report, except as
indicated otherwise.  Twenty-two million green tons/yr are equivalent to 11.9 million bdt/yr.
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2.0 Sources of Benefits: Alternatives for Biomass Residue
Disposal


The biomass energy industry in the United States has always performed two separate and important
functions: energy production and waste disposal.  Each has important environmental implications.
Energy production from biomass entails emissions during a variety of energy conversion processes, while
avoiding the emissions associated with the production of a like amount of energy from fossil fuels.  At
the same time, disposal in biomass energy facilities avoids the environmental impacts associated with
alternative disposal fates for the residues used as fuel, such as landfill burial or open burning.  The latter
effects constitute the most important source of environmental benefits associated with the production of
energy from biomass resources.


2.1  Biomass Fuel Use and Alternative Disposal Options


The U.S. independent biomass energy industry2 today provides for the disposal of approximately
22 million tons/yr of solid biomass waste. Figure 1, for example, shows the history of biomass fuel use in
California during the past 20 years, illustrating the rapid growth of biomass fuel use during the 1980s,
followed by a decline during the mid-1990s.  The pattern of biomass fuel use shown is typical of
occurrences across the country.


The biomass residues used as power plant fuels come from a variety of sources, and would be subject to
a variety of alternative fates if the biomass industry were not an available disposal option.  The major
categories of biomass fuels used in the United States today include:


•  Wood processing residues
•  In-forest residues
•  Agricultural residues
•  Urban wood residues


To account for the nonmarket societal costs and benefits of using biomass residues to produce energy, the
impacts associated with energy production have to be compared with the consequences of the alternative
fates the residues would experience in the absence of energy production.  Thus, these fates must be
characterized for the various residues and their associated impacts, as well as for the impacts of energy
production, to determine the net environmental implications of biomass energy use.


In many regions of the United States the biomass energy industry has become an integral part of the solid
waste disposal infrastructure.  If the biomass industry were to fail, finding new disposal outlets for all the
biomass residue material currently being used for fuel would be difficult.  Identifying the probable
alternative fates for these residues is also difficult.  The major categories of alternative (nonenergy)
disposal options for biomass residues include:


•  Open burning of agricultural and forestry residues
•  Landfill disposal of waste wood
•  Composting and land application of waste wood
•  Land spreading of wood chips and bark as mulch and cover
•  In-forest accumulation of residues as downed and over-growth material


                                                
2 This paper defines the independent biomass energy industry as that segment of the industry that is outside the pulp
and paper industry, and that sells electricity into the grid-connected market.
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Figure 1:  California Biomass Power Capacity
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Open burning of biomass residues leads to heavy emissions of smoke and air pollutants.  Landfill
disposal of recyclable biomass accelerates landfill capacity depletion, and increases emissions of
greenhouse gases.  Composting and spreading also lead to higher greenhouse gas emissions than does
energy production, and although growing rapidly, the markets for these materials are limited.  In-forest
accumulation of excess biomass residues degrades forest health, retards forest growth, diminishes
watershed productivity, and increases the risk of destructive wildfires.


2.1.1  Wood Processing Residues


Wood processing residues constitute the most important biomass fuel source used in the United States,
consistently accounting for more than 50% of the country’s total biomass fuel supply.  Almost half the
biomass content of a typical sawlog becomes residue at a primary sawmill.  A variety of secondary forest
products applications have been developed to use a portion of this material.  Active markets for wood
processing residues in many regions include pulp chips, wood fiber for fiberboard and composites,
animal bedding, and garden products such as decorative bark.  Sawmills are used to segregating their
residues into the highest-value markets available, but a substantial amount of the residues, typically
15%–20% of the biomass content of the sawlogs brought to a sawmill, have no useful application and
must somehow be disposed.  Biomass power plants have become the disposal option of choice for much
of this material.


Wood processing residues come in a variety of forms, including:


•  Bark
•  Round-offs
•  End cuts
•  Trimmings
•  Sawdust
•  Shavings
•  Reject lumber


The traditional method used to dispose of wood processing residues at sawmills was incineration in
“teepee burners,” a technology that produces copious amounts of smoke and other air pollutants.
Beginning in the early 1970s, air pollution control efforts applied increasing pressure on sawmills to
close down their teepee burners, leading them to search for new disposal alternatives.  This was an
important factor that led to the development of the biomass power industry during the 1980s. In regions
as diverse as California, Maine, and North Carolina, virtually all the readily available wood processing
residues that have no higher-valued applications are used as power-plant fuel.  Wood processing residues
are the cheapest form of biomass fuel to produce and deliver.  They would probably be the last type of
biomass fuel to exit the system if the demand for biomass fuels were to decline.


Because of their severe air pollution problems, teepee burners have been largely eliminated as a disposal
option for wood processing residues.  The only readily available option for disposing of these materials,
if fuel use were not a possibility, is landfilling.  However, landfilling of waste wood is an undesirable
option for a variety of reasons.  Waste wood has a slower decay rate than other biomass forms, and is
thus slow to stabilize in the landfill environment.  It takes up 15%–20% percent of the space in a typical
county landfill, and its decay leads to emissions of methane (CH4), a more potent greenhouse gas than
carbon dioxide (CO2).


If the biomass energy industry were to collapse, a strong effort would probably be made to develop
alternatives to landfilling.  Nevertheless, for purposes of analysis, the probable alternative fate for most
wood processing residues currently used for power production is landfill disposal.  Some of the residues
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would probably be composted or land spread.  Table 1 shows a breakdown of the probable alternative
fates for wood processing residues in the absence of energy production, as well as other categories of
biomass residues used for energy production in the United States.


Table 1:  Alternative Fates for Biomass Fuels
Mill Forest Ag Urban Total


US Biomass Fuel Use (th.bdt/yr) 6,400 1,800 2,300 1,400 11,900
Alternative Fate (% of category) Mill Forest Ag Urban


open burning 5% 50% 100%
landfill 70% 90%
composting 10% 10%
spreading 15%
forest accum. 50%


Alternative Fate (th.bdt/yr) Mill Forest Ag Urban Total
open burning 320 900 2,300 - 3,520
landfill 4,480 - - 1,260 5,740
composting 640 - - 140 780
spreading 960 - - - 960
forest accum. - 900 - - 900


th.bdt = thousands of bone-dry ton equivalents, which is a measure of the dry weight of biomass fuels


2.1.2  In-Forest Residues


In-forest residues constitute a major source of biomass fuels in the United States.  Timber harvesting
operations produce forest residues in the forms of slash (tops, limbs, bark, broken pieces) and cull trees.
If left in place these residues are unsightly, impede forest regeneration, and increase the risk of forest
fire.  Increasingly, harvesting plans on public and private lands require some form of residue
management, which usually means either piling and burning, or removal and use as fuel.  Logging slash
is an important source of biomass fuel in several regions.


In addition to logging residues, forest treatment residues (thinnings) comprise an important source of fuel
for the biomass energy industry.  Because of past forestry practices and aggressive fire-fighting efforts
during the past 80–100 years, vast areas of American forests are overstocked with biomass material,
which represents an increased risk of destructive wildfires and a generally degraded functioning of the
forest ecosystems.  These forests benefit greatly from mechanical thinning operations.  The amount of in-
forest biomass residues that could be converted to energy is far greater than the total amount of biomass
fuel demand in most regions of the country.  However, this fuel source is generally more expensive to
produce than other biomass fuels, so the quantity used is less.


As the market for biomass fuels has retracted in the United States, the amount of logging residues
converted to fuel use has remained relatively constant, because of its link to the lumber market.  The
major adjustment has been in the quantities of thinnings being collected and converted to fuel.  Most
logging residues used for energy production would be pile burned, if energy applications were not
available.  On the other hand, forests would simply not be thinned, so material of this origin would
accumulate as excess biomass.  As shown in Table 1, this analysis assumes that 50% of the in-forest
residues used for fuel would otherwise be pile-burned, and the other 50% would accumulate in the forest.
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2.1.3  Agricultural Residues


Agricultural operations produce large quantities of residues, which come in a wide variety of forms and
consistencies. Agricultural residues suitable for use as power plant fuels include:


•  Food processing residues such as pits, shells, and hulls
•  Orchard and vineyard removals
•  Orchard and vineyard prunings
•  Field straws and stalks


Most of these residues require some form of treatment as a part of normal agricultural practice.  In most
cases the lowest-cost treatment option is open burning, a major source of smoke and air pollution.
Avoiding agricultural burning is a principal reason biomass energy facilities have been developed.


In California, for example, approximately one-third of the biomass power plants were built in agricultural
regions, and most are permitted on the basis of the state’s agricultural offsets protocol, which provides air
emissions offsets for pollutants that are avoided when biomass residues that would otherwise be open
burned are used as fuel. During the 1990s agricultural fuels have consistently supplied about 20% of
California’s biomass fuel supply.  More than 1 million tons/yr of agricultural residues are used as
biomass fuel.


Most of the agricultural residues used as fuels in California are woody residues derived from the state’s
extensive orchard crops.  Whole-tree chips produced from orchard removals constitute a particularly
successful source of biomass fuel.  Fuels are also produced from orchard prunings, vineyard removals
and prunings, and other types of residues such as straws and food processing residues.  Even with the
present level of agricultural biomass fuel use in California, an enormous amount of agricultural residues
suitable for use as power plant fuels continues to be open-burned.  The alternative fate for the
agricultural residues used for fuel is open burning (see Table 1), although a small percentage of these
materials could be landfilled or plowed under.


2.1.4  Urban Wood Residues


As much as 15%–20% of the solid waste traditionally disposed of in U.S. landfills is clean wood waste
that can be segregated and converted into power plant fuel.  This material comes from a variety of
sources, including:


•  Construction and demolition wood waste
•  Wood and brush from land clearing
•  Wood and brush from public and private tree trimmers and landscapers
•  Wood waste from the manufacturing of cabinets, furniture, and other wood products
•  Discarded pallets and drayage


The traditional disposal option for urban wood waste is burial in landfills.  However, the alternatives that
might be used for this material in the future, should the fuels market disappear, are more complicated to
project.  For example, California’s solid waste diversion law mandates that by the year 2000 all counties
must achieve a diversion rate of 50% of their total solid waste, compared to their performance during the
designated base year of 1990.  An intermediate target of 25% diversion by 1995 was met statewide, but
compliance with the year 2000 standards will be more difficult to achieve.


During the 1990s, landfill-diverted waste wood has supplied approximately 1.5 million tons of fuel
annually to the California biomass power industry, hitting a peak of 1.9 million tons in 1993.  As the
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overall biomass fuels market has declined, the percentage of landfill-diverted fuels in the state’s biomass
fuel mix has increased, from approximately 20% at the beginning of the decade, to 30% today.


Solid waste managers are under pressure to develop diversion applications of all kinds, and at least some
of the material currently used as fuel would presumably be diverted into some other outlet, were it not
used as fuel.  For purposes of analysis, most of the waste wood currently diverted from landfills and
converted into biomass fuel would otherwise be buried in the landfills.  As shown on Table 1, 90% of the
urban biomass fuels would otherwise presumably be landfilled; the other 10% would be composted.


2.2  Environmental Impacts of Disposal Alternatives


All alternatives for the disposal of biomass wastes and residues, including leaving forest residues in
place, entail environmental impacts.  Energy production from biomass residues produces air pollutants
and solid waste (ash), and consumes water resources.  These impacts must be balanced against those
impacts that would occur if the energy alternative were not available, including the impacts of alternate
disposal of the material used as fuel, and the impacts of alternative production of the electricity that must
be supplied to the market.


2.2.1  Environmental Impacts of Open Burning


Open burning of forestry and agricultural biomass residues is a major source of air pollution in many
regions.  Open burning produces massive amounts of visible smoke and particulates, and significant
quantities of emissions of nitrogen oxides (NOx), carbon monoxide (CO), and hydrocarbons that
contribute to the formation of atmospheric ozone. Quantifying the emissions resulting from open burning
is difficult because residues, burning practices, and environmental conditions are extremely variable.
Nevertheless, use of these residues as power plant fuel vastly reduces the smoke and particulate
emissions associated with their disposal, and significantly reduces the amounts of CO, NOx, and
hydrocarbons released to the atmosphere.


Open residue burning is a particularly big problem in California’s agricultural valleys, many of which are
classified as nonattainment with respect to federal air quality standards for criteria pollutants.
Decreasing the amount of open burning of agricultural residues in California has long been an objective
of air quality regulators, but the imperative for farmers to dispose of their residues cost effectively has
prevented the banning of agricultural burning.  The development of the biomass power industry during
the 1980s helped mitigate the problem, but a great deal of residue continues to be open burned.  At the
peak of biomass fuel use in California from 1990 to 1993, more than 1.5 million tons/yr of agricultural
residues were used as fuel.  The decrease in biomass fuel use since 1993 has led to a decrease in the use
of agricultural residue fuel.  As a result, 0.5 million tons/yr of agricultural residues used as fuel as
recently as 1993 are once again being disposed by open burning.


The state’s air quality regulatory agencies recognized early that the biomass power industry could help
eliminate open burning of agricultural residues.  To give the biomass power producers credit for the air
quality benefits they provide, regulators developed a set of agricultural offset protocols, through which
facilities that burn agricultural residues that would otherwise be open burned earn an offset for their
emissions of pollutants at the power plant.  Because emission offsets are required only for pollutants for
which the receiving basin is nonattainment, most agricultural offsets have been for emissions of NOx and
particulates.  For most facilities that were permitted on the basis of the agricultural offset protocols, the
permits require that one-half to two-thirds of their fuel be obtained from agricultural residue sources.
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One of the largest efforts to measure the emissions of open burning of biomass was undertaken by
researchers at the University of California, Riverside (Darley 1979).  The emission factors reported from
this study were used as the basis for developing agricultural offset protocols, and remain the best, albeit
limited, source of data on emissions from the open burning of biomass.  AP-42, the U.S. Environmental
Protection Agency's (EPA) compilation of air pollution emissions from a variety of industrial activities,
uses the Darley data and other sources to characterize the emissions typical of open burning of a variety
of biomass residues, under various conditions.  Table 2 shows emissions estimates for open burning of
biomass residues under various conditions, as well as emissions factors for other activities described in
the following sections.


2.2.2  Environmental Impacts of Burial


Recoverable wood waste represents approximately 15% by weight, and as much as 20% by volume, of
the material that typically enters sanitary landfills.  All these materials enter the landfill gate separate
from mixed household garbage.


Separable wood residues enter the landfill in debris boxes, roll-off bins, vans, and pickup trucks.  In the
absence of a fuel-use option, they are buried along with other wastes entering the landfill gate.  Some
landfills segregate and shred inbound waste wood to use as daily landfill cover or for other applications,
but this represents a small fraction of the total recoverable resource, and these applications would be
unlikely to expand significantly if the fuel market collapsed.  Indeed, there is reason to believe that
nonfuel applications would actually decline if the fuel market collapsed, because the production of these
products in most cases depends on the coproduction of fuel, and loss of the fuel market would render
production of the other products less viable.


Landfill burial of the wood residues that can be recovered and converted into power plant fuel entails the
same kinds of environmental impacts associated with the disposal of all kinds of organic wastes in
landfills.  Compared to other types of organic wastes, woody materials are slow to degrade, which means
that landfill stabilization is delayed.  Like all organic material in the landfill, waste wood can be a source
of water-polluting leachates, and as the material degrades, it produces emissions of CH4 and CO2 in
roughly equal quantities.  Methane and CO2 are both greenhouse gases, but CH4 is much more reactive,
by a factor of some 25 times per unit of carbon (IPCC 1996), so emissions of the residue-bound carbon in
the form of a 50:50 mix of CH4 and CO2, rather than as pure CO2, are far more damaging from the
perspective of greenhouse gas buildup in the atmosphere (Morris 1992).


Large landfills are now required by EPA regulations to control their fugitive emissions by collecting a
portion of the landfill gas and flaring it.  For example, approximately 60% of the landfills in California,
which receive 80%–95% of the state’s solid waste, are covered by this regulation.  In general, gas
collection systems capture about 80% of the CH4 released by the landfill, which means that final
emissions of the waste carbon to the atmosphere are approximately 90% CO2 and 10% CH4 (compared
with approximately 50:50 for an uncontrolled landfill).  Emitting the carbon in the 90:10 mixture of CO2


and CH4 results in an effective greenhouse gas emission 3.4 times more potent than emissions of the
same amount of carbon in the form of 100% CO2.  For uncontrolled landfills, the 50:50 mixture of the
gases emitted leads to an effective greenhouse gas emission 13 times more potent than emissions of the
same amount of carbon in the form of 100% CO2.   The only effective means of eliminating CH4


emissions from the disposal of wood residues that would otherwise be buried in a landfill is to use the
material as fuel.  Table 2 shows emissions factors for burial of waste wood in landfills.


Use of waste wood as a fuel results in immediate emissions of CO2; burial of the material in a landfill
results in delayed emissions of CO2 and CH4.  Wood waste decays slowly in the landfill environment, so
emissions of most ultimate landfill gases are significantly delayed.  This should be taken into account in
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Table 2:  Emissions Factors for Biomass Disposal Activities and Alternative Energy Production
SOx NOx particulate CO CH4 nmHCs CO2 landfill thinned


(lb/th.bdt) (lb/th.bdt) (lb/th.bdt) (lb/th.bdt) (lb/th.bdt) (lb/th.bdt) (ton/th.bdt) (m3/th.bdt) (acres/th.bdt)
biomass energy *             150          2,500             450          7,500             250               25          1,780 24.2
open burning             150          7,000        15,000      150,000          8,000        24,000          1,690
landfill      430,000          1,200          2,400
composting--
immediate


       33,000             850


composting--delayed        65,000             800
spreading      130,000          1,600
forest accum.             150          7,000        21,000      280,000          7,000        23,000          1,690 40
coal (unit/mmkWh)          3,500          3,100             140             960               15             290          1,100 43.9
gas/st (unit/mmkWh)                 6             270               80             910               25               60             600
gas/cc (unit/mmkWh)                 5               85             330             860             130               60             450
* Note that for biomass energy production, unit/th.bdt is approximately the same as unit/mil.kWh)
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an analysis that compares the two options.  The immediate result of diverting landfill-bound waste wood
to a power plant is that virtually all the carbon content is added to the atmospheric stock of CO2, rather
than being stored underground as buried waste.  This means that the atmospheric greenhouse gas burden
associated with the biomass residue used as fuel is greater in the immediate aftermath of its combustion
than if the material were landfilled.  Over time, however, the landfill out-gases a mixture of CH4 and
CO2, and the much greater radiative effectiveness of CH4 rapidly leads to a greater greenhouse gas
burden, which eventually becomes a major liability for the landfill option, even with the use of gas-
control systems on landfills.


2.2.3  Environmental Impacts of Spreading and Composting


An alternative disposal option to landfilling biomass wastes is surface spreading, which can be done with
or without prior composting of the material.  Bark and wood chips can be used directly for mulch, which
usually consists of open spreading of the untreated material.  Biomass can also be composted before
spreading, although woody material is not ideal for composting, because it breaks down more slowly than
other types of biomass residues, such as residential green waste.


Composting of biomass residues accelerates the natural decomposition process.  Decomposition occurs
through aerobic and anaerobic pathways, producing a mixture of CO2 and CH4 emissions.  In a well-
managed compost operation the emissions are primarily CO2, because of frequent aeration of the
material.  The compost product, which contains approximately 50% of the original biomass carbon, is
then spread, where it continues to decompose, although no longer at an accelerated pace.  Table 2 shows
estimates of the greenhouse gas emissions associated with composting and/or spreading of biomass
residues.


2.2.4  Environmental Impacts of In-Forest Accumulation


All forests are prone to periodic fires.  However, the natural fire cycle has been altered in many regions
of the United States by past forestry practices, by vigorous fire suppression efforts, and by increasing
populations in wooded areas. These phenomena have increased the amount of fuel loading and degraded
forest health and productivity (see, for example, Cal. Dept. of Forestry 1996).


The fuel building up in the nation’s forests includes standing dead and diseased wood, downed woody
material of all varieties, and an overall increase in the density of the forest growing stock.  The
accumulation of dead and diseased wood, both standing and downed, is particularly problematic from a
forest fire risk perspective because it usually has a lower moisture content than growing stock, making it
easier to ignite, hotter burning, and more prone to spreading of fire.  As the fuel loading continues to
increase, fires that burn out of control tend to be much more severe and destructive than the naturally
occurring periodic fires that were a component of the pre-industrial ecosystem. They burn much hotter
than the traditional fires, and consume much larger areas with more extensive destruction.  Table 2 shows
estimates of the emissions associated with forest fires in overstocked forest conditions.


Fuel overloading also contributes to the degradation of the health and ecosystem functioning of forests
and watersheds.  For example, healthy, relatively undisturbed forest ecosystems in California have
approximately a 40% level of canopy closure, whereas other forests have an approximately 60%–65% or
more canopy closure level.  This elevated level means that the amount of available rainfall that enters the
evapotranspiration cycle is higher than in the native ecosystem, and less of the rainfall moves through the
watershed as runoff and groundwater.  Reduced flows of runoff and groundwater mean that less water is
transferred to the meadows and lowlands, where water is stored during the rainy season and released
gradually during the dry season.
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The net result of this chain of events is that useful water production from many watersheds is lower than
if the forests were in a more natural condition.  This includes water for human consumption, and
environmental water available for river and delta ecosystems.  An effective, sustained thinning program
in key watersheds could increase useful water supplies without further development of water supply
infrastructures.  Several experimental programs are underway to prove this connection, and to provide
data on the amounts of water production that will result from thinning and other watershed improvement
operations (Cal. Dept. of Water Resources 1994).  A great deal of work remains to be done to understand
the relationship between watershed improvement activities and the rate of water production from the
treated watershed.


2.2.5 Environmental Impacts of Energy Production, Including Fossil Fuel
Alternatives


Combustion of biomass fuels in modern power plants leads to many of the same kinds of emissions as the
combustion of fossil fuels, including criteria air pollutants, greenhouse gases, and solid wastes (ash).
Fuel processing, which in most cases involves some type of grinding operation, produces emissions of
dust and particulates.  Air emissions and water consumption are usually the principal sources of
environmental concern related to biomass facilities.


Biomass power plants are required to achieve stringent emissions control levels for the criteria, or
regulated, pollutants.  These include particulates, NOx, oxides of sulfur (SOx), hydrocarbons, and CO.
NOx, hydrocarbons, and CO are usually controlled by using advanced combustion technologies, often
including fluidized-bed combustors, staged-combustion, and flue-gas recirculation.  Some of the newest
biomass power facilities are required to use ammonia injection to further control NOx emissions.  SOx
emissions generally are not a concern with biomass combustion because biomass, especially woody
forms of biomass, has a very low sulfur content.  Some facilities that have fluidized-bed combustors
inject limestone to capture sulfur, but no biomass facilities are required to have flue-gas scrubbers to
control SOx emissions.


Particulates are controlled using a variety of technologies.  Virtually all biomass power plants use
cyclones to remove most large particulates from the flue gas.  Most biomass facilities are equipped with
electrostatic precipitators for final particulate removal; some facilities use baghouses.  Most modern
biomass power plants are required to achieve zero visible emissions to meet environmental permit
conditions.  Their emissions of total and sub-micron particulates are also regulated and controlled to
stringent levels, comparable to or better than the emissions levels achieved by the large fossil fuel power
plants operated by the electric utility companies.


Table 3 shows average emissions levels of the criteria pollutants for biomass power generation.  The data
are based on information supplied by 34 California biomass facilities, and include permitted emissions
levels and actual source test data.  The data are further differentiated by combustor type.  Eleven of the
34 facilities have fluidized-bed combustors; the other 23 have grate-burners of various designs.  The
fluidized-bed combustors achieve lower emissions levels of all criteria pollutants of concern for biomass
power plants, compared to the grate burners.  The most dramatic difference is in CO emissions, for which
the fluidized-bed combustors are more than an order of magnitude better than the grate-burners.  The
fluidized-bed combustors achieve emissions factors of half or less than the grate-burners for all pollutants
for which data are available.
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Table 3:  Emissions from Biomass Power Plants
(lb/bdt)


Permit Levels Measured Emissions
All Grates FBs All Grates FBs


NOx       2.6               3.1               1.5       2.0               2.5               1.0
SOx       1.2               0.9               1.7       0.1  NA               0.1
CO     11.5             16.3               2.0     10.3             14.7               0.2
HCs       1.7               1.8               1.6       0.5               0.7               0.1
Particulates       0.8               1.0               0.6       0.5               0.6               0.3


Data averaged for 34 California biomass facilities, 23 Grates, 11 fluidized-bed burners.


The production of electricity in biomass power plants helps reduce air pollution by displacing the
production of power using conventional sources.  There is considerable geographic variability, but the
marginal generating source displaced by biomass generation in most cases in the United States is either
natural gas-fired power generation or coal-fired power generation.  The full net emissions reductions
associated with biomass power generation can be calculated as the difference between the net emissions
associated with the biomass power cycle alone, and those that would be produced by fossil fuel-based
generation, which would be used if the biomass-generated power were not available.  Table 2 shows
emissions factors for fossil fuel-fired electricity production, based on AP-42 and other sources.  These
data include only the emissions at the power plant, not those associated with producing and processing
the fuels.


2.3  Social Costs and Benefits of Disposal Alternatives


In addition to the environmental benefits of energy production from biomass fuels, biomass energy
production provides important social and economic benefits to rural areas.  These include high-quality
jobs, the generation of local and regional tax revenues, and energy diversity and supply security for
regional and national energy systems.


2.3.1  Rural Employment and Taxes


The specific nature of a biomass power plant’s fuel supply is the primary determinant of both its design
and location. Because most facilities use significant components of agricultural or forestry residuals,
most are located in rural areas dominated by resource-based economies.  These communities are often
characterized by slow economic growth rates and high unemployment. Biomass power facilities mean
jobs with good comparative wages.  Power plant employees receive attractive benefits packages, and in
many cases support workers engaged in fuel-production operations do as well.  Support jobs are
generated at a ratio of almost 2:1 compared to plant employment, with total employment equal to 4.9 full-
time jobs per each megawatt of net plant generating capacity.  The  long-term nature of this employment
provides durable improvement and added stability to the local and regional economies surrounding the
plants.


Biomass power plants also make important contributions to the tax base of many rural communities.  In
many cases biomass power plants are the largest single property tax payers in their respective
jurisdictions.  The facilities also generate income taxes and sales taxes from their employees and from
the workers that support them.
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2.3.2  The Benefits of Energy Diversity and Domestic Supply


Although more than two decades have passed since the oil embargoes of the 1970s, the United States
remains energy-deficit, importing nearly 60% of its petroleum.  In the event of a major supply disruption,
electricity generation could be severely affected.  Additionally, the present concentration of large power
plants at grid centers in urban areas makes power supply vulnerable to both natural and human-caused
destruction.  The scale and dispersion of biomass energy facilities, and their renewable fuel supply in
primarily rural areas, provide a low probability of grid-related or human-caused failure.  Indeed, during
the heat-related brownouts of 1996 in California, all biomass plants remained online while many large
utility plants reduced load or went offline completely.


The biomass power industry also contributes to the potential of biomass energy use in general, in all its
possible manifestations.  The federal government has invested a significant amount of money and effort
to develop new technologies and applications for biomass energy, including advanced electricity
generating technologies and liquid fuel technologies.  Many projections of energy supplies for the United
States envision an increasing role for biomass.  The future of biomass energy production, whatever
direction it might take, will inevitably be built on the foundation of the industry that has already been
created.
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3.0 Value of Benefits: Estimates of the Dollar Value of Ancillary
Services


Conversion of biomass wastes and residues to energy provides great environmental benefits by reducing
the amount of air pollution, greenhouse gas emissions, and landfill use associated with their disposal, by
promoting healthier forests, contributing to rural economies, and displacing the use of fossil fuels.
Placing monetary values on these environmental and social benefits is more difficult.  This study uses
literature values for the dollar value of various environmental impact categories, and applies them to the
impacts of biomass energy production, and the activities it avoids.  The net value of biomass energy
production is calculated as the difference between the costs of the impacts of energy production, and the
costs of the alternative disposal options and alternative power provision.


3.1  Values of Environment Costs and Benefits


This analysis focuses on the environmental benefits of the current biomass power industry, and their
quantification. Because of uncertainties in assigning dollar values to the various impact categories,
ranges of values that encompass current economic thinking on the subject, observed and forecast market
values, and the effects of current regulations and economic conditions, are presented in Table 4.  Most
are transaction values based on “cap and trade” systems.  They represent societal values for marginal
reductions in emissions, assuming that society has correctly determined an optimal “cap” for the
emissions.  Evidence suggests that there is still substantial damage, mortality, and morbidity at the
current capped levels.  In such a case, these market values represent a “floor” value of the benefits of
marginally reducing emissions.  The real societal values may well be higher.


Many of the air pollutants shown in Table 4 have multiple values because there are different prices for
these emissions in different markets.  Prices are generally higher in more densely populated areas, and
often vary from one region to another.  The appropriate prices must be used when quantifying the value
of current biomass generation.  There may be one value for substitute generation located near load
centers in urban areas, and another for disposal of the biomass that would have been consumed in
generally rural facilities.  For analytical purposes, the same values are used throughout for each given
impact category.  This represents conservatism in the analysis.


3.1.1  Value of Criteria Pollutants


SOx:  There is a wide and active trading market for sulfur dioxide (SO2) emissions because of the EPA
Acid Rain Program.  Prices tend to be stable and uniform, signs of a maturing market.  The values in
Table 4 are indicative of current prices for trades.  They are almost double the prices of a year ago, and
reflect Phase II of the Acid Rain Program.  They represent good long-term societal values for analytical
purposes.


NOx:  NOx values vary more than other criteria pollutants.  Prices vary by location and season.  These
differences should be considered when determining the benefit/cost of reducing or increasing NOx


emissions.  This means that the cost of increases in NOx emissions associated with substitute generation
near populated load centers may be greater per unit than the cost of increases in NOx emissions for
disposal of wood waste as power plant fuel in a rural environment. NOx values cannot be varied, Cantor
Fitzgerald Environmental Brokerage Services average national price index for NOx can be used.
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Table 4.  Biomass Benefits


Category Value (1999$,
1st quarter)


Source Comments


SO2  $206–$212/ton Market prices for the first half of 1999
reported by brokerage firms and the
Fieldston Publications market survey
as reported by the EPA Acid Rain
Program.


These prices are indicative of
current prices for trades.  They
are almost double the price a
year ago and reflect Phase II of
the Acid Rain Program.  They
are better long-term prices than
those of a year ago.


NOX Cantor Fitzgerald
Market Price:
2000–$2,100/ton
2000-02–$2,018/ton


New England:
Ozone Season –
$1000– 1,050/tpy
Non-Ozone – $650–
700/tpy


Mid Atlantic (NY, PA)
Severe – $5,000/tpy
Moderate – $2,000/tpy


California (ERCs):
San Joaquin Valley –
$9,733/tpy
Bay Area – $6,500/tpy


Cantor Fitzgerald Environmental
Brokerage Services


NOX prices vary quite a bit
regionally, and by time of year.
Values are generally higher in
the California, urban areas and
during the summer.  The C-F
Market Price is a good
compromise for a single value,
but regional values should be
used, with lower values for rural
areas (unless rural area is a
non-attainment area, i.e.,
California).


CO2 Current Transactions:
$0.45–$1.81/ton CO2


SGM (Administration)
$7.74–$41.47/ton CO2


EIA/NEMS (2010
Price):
$18.94–$83.10/ton CO2


Markel-Macro Model
(2010 Price):
$25.01–$41.74/ton CO2


Cantor Fitzgerald Environmental
Brokerage Services


Unfinished Business: The Economics
of the Kyoto Protocol, Battelle PNL,
7/98 (draft)


Impacts of the Kyoto Protocol on U.S.
Energy Markets and Economic
Activity, EIA, 10/98


Climate Change Economic Analysis:
Technical Annex, Interagency Analytic
Team, 7/97


Current transaction price
represents current trades being
undertaken for risk
management purposes in the
absence of U.S. ratification of
the Kyoto Protocol.


The model runs are for the
prices in 2010.  The low values
assume unlimited international
trading, the high values
assume no international
trading.


Methane Current Transactions:
$31–$124/ton CH4


Model Forecasts (2010
Price):
$532–$5,700/ton CH4


Methane values are CO2 values
multiplied by 25, the
instantaneous global warming
potential for methane.
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VOC California ERCs:
San Joaquin Valley –
$3,600/tpy
Bay Area – $5,500/tpy


Maryland ERCs:
$2,500/tpy


New York/Pennsylvania
ERCs:
Severe – $2,000/tpy
Moderate – $1,850/tpy


Massachusetts ERCs:
$3,000/tpy


Cantor Fitzgerald Environmental
Brokerage Services


The values for non-methane
hydrocarbons (volatile organic
compounds [VOCs]) vary
significantly from region to
region.  In rural areas the
values tend to be lower.
Values also tend to be lower in
the East than in the West, and
lower in the Mid-Atlantic than in
New England.


Particulate Rural: $1,050/1,000
lbs.
Urban: $1,506/1,000
lbs.


Environmental Costs of Electricity,
Pace University Center for
Environmental Legal Studies, 1990


The values are based on PM-
10.  Rural values are for
visibility and the Urban values
include visibility and
mortality/morbidity.


CO Current Transactions:
$0.71-2.84/ton CO


Model Forecasts (2010
Price):
$12.16-130.59/ton CO


The values are based on the
equivalent greenhouse gas
value on a per-carbon basis to
CO2.


Landfill $15.06/ton  -
$29.94/ton


Full Cost Accounting in Action: Case
Studies of Six Solid Waste
Management Agencies, USEPA,
12/98


Landfill costs vary by site, an
average of $22.00/ton. Seems
to be reasonable.  The values
here are fully allocated costs,
including capital, financing and
O&M.


Forest
Productivity


$125 – $650/acre Recent studies by Jolley & Carlson,
and Morris (see references)


Particulates:  Most recent literature on particulates focuses on smaller particles of 10 microns or smaller
(the most recent literature focuses on particles smaller than 2.5 microns).  Open burning of biomass
waste creates many particles larger than 10 microns; controlled burning tends to release small particles.


The values in the table are based on PM-10.  Rural values are for visibility degradation and the urban
values include visibility degradation and increases in mortality/morbidity.


CO:  A review of the literature indicates that CO pollution reduction is primarily of value in a limited
number of urban “hot spots,” and that reductions in rural releases of CO, through a reduction in open
burning, had little or no value to the environment.  There has been a significant reduction in the ambient
levels of CO during the past two decades, primarily through improvements in the environmental
performance of automobiles.  This improvement has diminished the value of further reductions in CO
emissions from stationary sources.


Carbon monoxide in the atmosphere has a greenhouse gas warming potential roughly equal to that of CO2


(see Value of Greenhouse Gas Emissions), and in fact the ultimate fate of atmospheric CO is oxidation to
CO2.  Thus, at a minimum, the value of CO emissions is equivalent, on a per-carbon basis, to the value
assumed for CO2 emissions.
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Non-methane hydrocarbons:  The values for non-methane hydrocarbons (volatile organic compounds
[VOCs]) vary significantly from region to region.  In rural areas the values tend to be lower.  Values also
tend to be lower in the East than in the West, and lower in the Mid-Atlantic than in New England.


3.1.2  Value of Greenhouse Gas Emissions


CO2:  The market for CO2 emissions trading is in its infancy.  Trades executed so far have been
voluntary, not pushed by regulatory compliance requirements.  These transactions have been conducted
at very low prices, $0.45–$1.81/ton of CO2, ($1.83–$7.33/metric ton of carbon equivalent).  The current
transaction price represents trades being undertaken for risk management purposes in the absence of U.S.
ratification of the Kyoto Protocol.  If the Kyoto Protocol is ratified, prices are expected to increase
dramatically.  Price forecasts vary substantially, based mostly on the amount of trading assumed in the
forecast.  Prices vary from a low of approximately $7.74/ton CO2 in the Clinton Administration’s
analysis (assuming widespread and unlimited international trading), to $83.10/ton CO2 in the analysis
done by the Energy Information Administration, U.S. Department of Energy, at the request of Congress
(assuming very little trading).  An average of the two, $45.42/ton CO2 is close to the upper end of the
Interagency Analytic Team’s (IAT) forecast.  For analytical purposes, a value of $33/ton CO2 is used for
the base-case data set, which is the average of the IAT forecasts.


CH4:  Methane has an instantaneous global warming potential 25 times greater than CO2 on a per-carbon
basis (IPCC 1996).  However, the residence time of CH4 in the atmosphere is much shorter than that of
CO2, so in the long term the difference in warming potential between the two gases decreases.  The IPCC
recommends using a value of 20.4 for a 20-year time perspective, and 7.6 for a 100-year time perspective.
The model developed for this study calculates a value of 15.8 for a 20-year time perspective, and 6.8 for
a 100-year time perspective, which is slightly more conservative than the IPCC recommendations.


3.1.3  Value of Landfill Accumulation


The values for reductions in the amount of landfill used resulting from diversion of waste wood to energy
production is based on the fully allocated costs of current landfills.  It does not represent the cost to open
a new landfill (the long-term marginal cost of waste disposal in a landfill), and so is a lower bound on the
value of benefits of reduced landfill use caused by current biomass capacity.  However, the cost includes
the cost of EPA regulations to capture and dispose of landfill CH4.


3.1.4  Value of Forest Treatments


The literature on the value of forest treatment activities is sparse, but a recent paper (Jolley and Carlson
1999) provides a useful measure, which can be defined as the saving in ultimate cost, on a net-present
value basis, of using mechanical thinning for forest treatment versus a regime of prescribed burns that
must be carried out over a number of years to achieve the same degree of forest improvement.


The mechanical thinning regime, followed 5 years later by a prescribed burn, has a cost (npv) of
$432/acre.  The alternative of three prescribed fire treatments during a 20-year period has a cost (npv) of
$560/acre, for a net saving of $128/acre using the mechanical thinning and fuel-production alternative.
This sets a lower limit on the marginal value of the mechanical thinning alternative.  It does not credit the
thinning alternative for its reduction in ultimate air emissions during the various burns, for its reduction
in residual stand damage, and for the fact that the benefits of fuels reduction are achieved  immediately
with the mechanical thinning/fuel production option, while the benefits are achieved over a 20-year
period with the prescribed burning alternative.
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Another recent study (Morris 1998), which takes into account factors such as long-term timber stand
values and reductions in fire-fighting costs, calculates a net benefit of mechanical thinning operations in
the range of $200–$650 per acre treated.  A mid-point value of $400/acre is used in the model as the
base-case value.


3.2  Value of the Social Benefits of Biomass Power Production


The social benefits of biomass power production, such as the generation of rural employment and
economic development, and energy diversity and security, are even more difficult than the environmental
benefits to quantify and value.  Thus, no values are included in the model for social benefits, although
they are significant and valuable.  The following discussion illustrates the magnitude of the tax benefits
that are provided by biomass power plants.


Based on an average annual income of $35,500 (not including benefits or employer-paid taxes), and
4.9 workers per MW of installed capacity, biomass power plant employees and support workers generate
$26,200 in federal income tax, and $8,700 in state income tax, for each megawatt of operating biomass
electric generating capacity.  Local and personal sales taxes are not included.


Property tax, based on a rate of 1% of assessed valuation, equates to $8,900/MW power plants plus
$1,400/MW for fuel supply infrastructure and related equipment.  In addition, based on average taxable
purchases of supplies, parts, and equipment of $28,000/MW, sales tax at 7% yields an additional
$2,000/MW annually.  The total tax revenue generated from biomass energy production is approximately
$47,200/MW power produced per year.  This translates into a total tax contribution of $88 million in the
United States annually that is attributable to the independent biomass energy industry.


3.3  Calculated Value of the Ancillary Services of Biomass Power Production


A model has been constructed to compute the value of the identified ancillary services provided by
biomass power production.  The model begins with an accounting of the types and quantities of fuels
used by the independent biomass power industry in the United States today.  This inventory is based on
an updated database of operating U.S. biomass power facilities maintained by the principal author of this
report.  The industry provides for the disposal of 22 million tons of biomass residues annually.  More
than half the total fuel supply is composed of sawmill residues; the remainder is distributed among the
categories of in-forest residues, agricultural residues, and urban waste wood.  The first page of the
model’s printout, shown on Table 5, shows the amounts of biomass residues used as power-plant fuels.
(Fuel use values in the model are presented in bdt, not green tons.)


Assumptions about the alternatives fates of the various residues, if they were not used as fuels (Table 1),
are applied to the fuel use data to determine the avoided disposal pathways for which the biomass energy
industry provides.  Almost half the residues would be landfilled in the absence of energy production,
about one-third would be open burned, and the remainder would be composted or spread, or represent an
accumulation of overstocked material in the nation’s forests.


Emissions factors and other environmental measures (Table 2) are applied to the alternative disposal
activities to compute the magnitude of the emissions and other measures for biomass energy production,
and for all the activities it avoids.  This computation is shown on the second page of the model’s printout
(Table 6).  The magnitudes of the values are then summed across the categories, and the two alternatives,
biomass energy production versus biomass residue disposal and fossil-fuel energy production, are
compared.
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For analytical purposes, a conservative base-case data set was selected.  Some base-case data, such as
fuel use data, assumptions about alternative fates for the biomass, impacts, and impact values, were
discussed earlier.  Several  additional assumptions, shown in the lower half of Table 5, are worthy of
discussion.  In the base case 40% of the power displaced, at the margin, by the current level of biomass
power generation is assumed to be coal, and the remainder is natural gas.  This is a conservative
assumption, as more than 50% of power in the United States is generated from coal, and biomass often
competes with base-load generating sources, of which coal is an example.


The base case also uses a 20-year timeframe for the analysis, and counts only the delayed emissions of
landfill disposal and other alternatives during the first 20 years after use.  For landfills, for example, in
which waste wood is conservatively assumed to have a half-life of 30 years, only 37% of the ultimate
emissions are counted.  The base-case half-lives for landfilled waste wood and residues accumulating in
forests are both conservatively chosen to be long.


As shown in Tables 5 and 6, using conservative base-case values for all the identified impact categories,
the value for the ancillary environmental benefits of biomass energy production is calculated as
$1.2 billion/yr, or 11.4¢/kWh of electricity produced from biomass.  This represents an average for all
the biomass fuel used by the independent biomass power industry in the United States. This calculated
value covers only the categories of impacts included in the analysis, and excludes the economic and
social benefits of biomass energy production discussed previously.


Using the base-case data set, the computed value of using each of the four types of biomass residues
varies within the range of 7.8 (in-forest residues) to 14.0 ¢/kWh (urban waste wood).  Residues that
would otherwise be open burned provide a benefit of 8.9 ¢/kWh if used for energy production.  Residues
diverted from landfill disposal provide a benefit of 14.9 ¢/kWh when used for energy production.
Residues left as overstocking in the forest provide a benefit of 6.7 ¢/kWh if used for energy production.


The dollar value for each impact category is reported in the literature as a range of values (Table 4).
Values for many of the categories have rather broad ranges of uncertainty.  Running the model with
minimum values for all categories produces a benefit value of 4.7 ¢/kWh for biomass energy production.
Using maximum values for all the categories, the benefit value is 24.7 ¢/kWh.


A significant contributor to the computed value of these biomass energy benefits is the value of avoided
greenhouse gas emissions.  Greenhouse gases are not regulated in current practice; hence, there is no
established market value for them.  The international Kyoto protocols, (in the process of ratification by
countries around the world) require reductions in greenhouse gas emissions, which would establish a
market and value for these materials.  Assuming a zero value for greenhouse gases leaves a residual value
for the other computed benefits of biomass energy production with the base-case data set of 4.0 ¢/kWh.
Estimating the value of avoided greenhouse gas emissions is complicated by the timeframe used to judge
the delayed emissions of CH4 and CO2 from landfills, the disposal alternative for 48% of the biomass
fuels used in the United States today.  The base case includes all emissions released over a 20-year period
following the use or burial of the biomass fuels.  A long-term time perspective, for example using a 75-
year timeframe, increases the calculated benefits with otherwise base-case assumptions to 14.1 ¢/kWh.
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Table 5. Value of the Environmental Benefits of the U.S. Biomass Energy Industry


Mill Forest Ag Urban
Fuel Use (th.bdt/yr) 6,400               1,800               2,300               1,400               


Alternative Fate (%)
open burning 5% 50% 100%
landfill 70% 90%
composting 10% 10%
spreading 15%
forest accumulation 50%


Alternative Fate (th.bdt/yr) Total  
open burning 320                  900                  2,300               -                   3,520               30%
landfill 4,480               -                   -                   1,260               5,740               48%
composting 640                  -                   -                   140                  780                  7%
spreading 960                  -                   -                   -                   960                  8%
forest accumulation -                   900                  -                   -                   900                  8%


Total Fuel Use 11,900             th.bdt/yr
Electric Generation Effic. 1.10              bdt/MWh
Electricity Produced 10,818             mmkWh/yr


% of displaced electricity that would have been supplied by
Coal 40%
Natural Gas / Steam Turbine 30%
Natural Gas / Combined Cycle 30%


Delayed Emissions Factors
Years of Delayed Emissions 20                    years


½ Life in Storage % Ultimate Multiplier
landfill 30 37%
composting 2.5 100%
spreading 2.5 100%
forest accumulation 35 32% 2.00                 


(data in boxes are inputs to the model) 11/14/99
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Table 6.  Value of the Environmental Benefits of the US Biomass Energy Industry


Ultimate Impacts (unit/th.bdt) SOx NOx particulate CO CH4 nmHCs CO2 landfill thinned 
unit lb lb lb lb lb lb ton m3 acres


biomass energy 150             2,500               450                  7,500               250                  25                    1,780               24.2
VS.


open burning 150             7,000               15,000             150,000           8,000               24,000             1,690               
landfill 430,000           1,200               2,400               
composting--immediate 33,000             850                  
composting--delayed 65,000             800                  
spreading 130,000           1,600               
forest accum. 150             7,000               21,000             280,000           7,000               23,000             1,690               40
coal (unit/mmkWh) 3,500          3,100               140                  960                  15                    290                  1,100               43.9
gas/st (unit/mmkWh) 6                 270                  80                    910                  25                    60                    600                  
gas/cc (unit/mmkWh) 5                 85                    330                  860                  130                  60                    450                  


Impacts th.lb/yr th.lb/yr th.lb/yr th.lb/yr th.lb/yr th.lb/yr th.ton/yr th.m3/yr th.acres/yr
open burning 528             24,640             52,800             528,000           28,160             84,480             5,949               -                   -                   
landfill -              -                   -                   -                   903,451           -                   2,521               13,776             -                   
composting -              -                   -                   -                   76,349             -                   1,286               -                   -                   
spreading -              -                   -                   -                   124,575           -                   1,533               -                   -                   
forest accum. 87               4,069               12,207             162,766           4,069               13,370             982                  -                   36                    
coal 15,145        13,415             606                  4,154               65                    1,255               4,760               190                  -                   
gas/st 19               876                  260                  2,953               81                    195                  1,947               -                   -                   
gas/cc 16               276                  1,071               2,791               422                  195                  1,460               -                   -                   
Total, no energy 15,796        43,276             66,944             700,664           1,137,172        99,494             20,439             13,966             36                    


VS.
biomass energy 1,785          29,750             5,355               89,250             2,975               298                  21,182             288                  -                   


SOx NOx particulate CO CH4 nmHCs CO2 landfill thinned 
$/th.lb $/th.lb $/th.lb $/th.lb $/th.lb $/th.lb $/th.ton $/th.m3 $/th.acres


Value of Impacts (105)            (1,050)              (1,250)              (26)                   (717)                 (1,200)              (33,000)            (15,000)            (400,000)          
(approx. mid points)


Value (th.$/yr)
biomass energy (187)            (31,238)            (6,694)              (2,314)              (2,134)              (357)                 (699,006)          (4,320)              -                   
no biomass energy (1,659)         (45,440)            (83,680)            (18,167)            (815,528)          (119,393)          (674,497)          (209,490)          (14,400)            


Net Biomass Benefit (th.$/yr) 1,471          14,202             76,986             15,853             813,394           119,036           (24,509)            205,170           14,400             
Benefit in ¢ / kWh 0.01            0.13                 0.71                 0.15                 7.52                 1.10                 (0.23)                1.90                 0.13                 


Total Value (th.$/yr)
biomass energy: (746,249)          Net Benefit: 11.4                 ¢/kWh
no biomass energy: (1,982,253)       


(data in boxes are inputs to the model) 11/14/99
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3.4  Loss of Benefits: Consequences of a Shrinking Biomass
Power Industry


The independent biomass power industry in the United States reached its peak level of production around
1990, and has since declined by more than 25%.  This decline has a variety of causes, many of which are
regional, but the underlying reality is that biomass energy is expensive to produce, compared to the
lowest-cost alternatives available on the grid.  The high cost of biomass power production, an inevitable
result of the small size of the facilities and the high cost of collecting and transporting low-density
residue materials, is a considerable liability in a market that is deregulating and increasingly emphasizing
cost.  The future viability of the enterprise is in doubt.


Any further decline in biomass energy production in the United States, whether caused by facility
closures or to cutbacks in operations by the operating facilities, leads directly to a loss in the amount of
environmental and social benefits provided by the industry.  As demonstrated earlier, based on a
conservative base-case set of assumptions, the value for the quantifiable benefits is 11.4 ¢/kWh of
electricity produced from biomass.  The identified social benefits not included in the computation are
also significant, and add to the total societal value.  These are very impressive numbers, much higher
than the current market value of the energy, which is in the range of 2–3¢/kWh in most regions.  Even
using minimal values for all quantified impacts, and ignoring the nonquantifiable ones, the benefits of
biomass power production (4.7 ¢/kWh) are much higher than the level of support necessary to preserve
the enterprise.  The expected societal return on support for biomass power production is a multiplicative
factor of 7.6.  And this value includes only selected environmental impacts for which data are available.


Disappearance of the biomass energy industry in the United States would present serious social and
environmental consequences for the regions that would be most affected.  More than 5 million tons/yr of
residues currently used as fuel would be added to the burden of material entering sanitary landfills,
further burdening the capacity problem, making compliance with landfill diversion statutes in many
regions virtually impossible, and loading the country with future greenhouse gas emissions that will not
be avoidable when greenhouse gas emissions reduction mandates must be achieved.


Disappearance of the industry would mean that 4.6 million tons of residues currently being used as fuels
will return to open burning piles, where they will add measurably to air pollution problems in affected
agricultural and forested regions, many of which are already out of compliance with air quality standards.
An additional 1.6 million tons/yr of residues will be allowed to accumulate in overstocked or otherwise
unhealthy forests and watersheds.  These residues will exacerbate the risks of destructive wildfires and
ecosystem degradation.


The loss of the biomass energy industry would represent a loss of almost 12,000 rural employment
positions, with serious impacts in affected regions.  Many rural communities would also lose their largest
source of property taxes, and would suffer other multiplier effects.  Energy diversity and security values
would be lost.


The loss of the U.S. biomass energy industry would exacerbate a number of important environmental
problems, and leave affected rural regions with virtually irreplaceable losses of quality employment
opportunities and tax base.  In fact, increasing the capacity use of the current infrastructure, and
encouraging the development of new biomass installations using ever-advancing technology, should be
important goals of national and regional energy policy.  The ancillary benefits of biomass power
production are worth far more than its above-market costs.  A modest level of compensation for these
benefits will achieve a several-fold return in social and environmental benefits.  The California
experience with the payment of biomass production credits in the amount of 1.5 ¢/kWh demonstrates that
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this level of support can achieve stabilization and increased facilities to use.  A higher level of support
probably would be needed to encourage the development of new biomass energy production capacity.


Biomass energy production provides two valuable services to society: it is the second most important
source of renewable energy currently being produced in the United States, and it is an important
component of the nation’s solid-waste disposal infrastructure.  In the old world of high energy prices,
sales of electricity alone were sufficient to pay for the entire enterprise.  In the current world of low
energy prices and increasing competition, electricity revenues cannot support the continuing operation of
biomass energy facilities.  Unless a mechanism is developed to compensate biomass generators for the
ancillary services they provide, these services will be lost.  This report demonstrates that the easily
quantifiable environmental benefits of biomass energy production, using conservative assumptions, are
worth 7.6 times more than the amount of support needed to sustain it.  When social benefits and more
difficult to quantify environmental benefits are added to the equation, the societal return on support for
biomass energy production is even greater.
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Abstract 


The Biomass to Energy project models the costs and benefits of generating electricity from forest 
thinnings1 over a 40‐year period beginning in 2006.  The study demonstrates that economic 
valuation is possible for many, but not all, valued assets2 on the landscape, and that the impacts 
and costs of forest disturbance (including thinning operations) can be accurately modeled.  The 
study includes a life cycle assessment3 of forest operations4 and energy conversion, measuring 
three biomass conversion technologies.  A test of the model structure was developed on a 
Northern California forest landscape comprising approximately 2.7 million acres spanning the 
crest of the Sierra Nevada range and encompassing the Feather River basin.  A Reference Case 
and Test Scenario were developed to test the structure and accuracy of the model using real‐life 
data from Mt. Lassen Power (an existing biomass conversion plant), public and private forestry 
operations, and historic wildfire ignition patterns.  Wildlife habitat impacts and cumulative 
watershed effects were also modeled.  Results of the Test Scenario show that thinning reduces 
wildfire size and severity — therefore reducing fire‐generated greenhouse gas emissions — 
while producing renewable energy.  With appropriate caveats about data resolution and model 
sensitivity, impacts to wildlife habitat and watershed appeared minimal. The Biomass to Energy 
project benefits California by contributing to the state’s capacity to analyze forest biomass 
utilization opportunities at the landscape scale.   


 


Keywords:  Biomass, renewable energy, forest biomass, forest thinnings, biomass energy 
conversion, wildfire, greenhouse gas, life cycle assessment, Northern California, Mt. Lassen 
Power 


 


                                                 
1 Forest thinnings are the material that is generated during forest thinning operations. Forest thinning is 
the selective removal of trees from a forest or portion of a forest. 


2 Examples of valued assets include structures, infrastructure, recreation resources, agricultural 
production, water quality, air quality, and biological diversity. 


3 A life cycle assessment is an evaluation performed to compare the full range of environmental and 
social impacts assignable to a product or service. 


4 Forest operations are the physical actions which change the forest, altering structure, composition, 
condition, or value in order to meet society’s needs for clean air and water, forest products, wildlife, 
recreation, and other benefits.  
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Executive Summary 
Introduction 


The Biomass to Energy (B2E) project breaks new ground by offering a framework for deciding 
whether biomass energy generation is a suitable investment for a given forest.  This study offers 
a credible way to establish the relative values of converting forest thinnings into energy, as well 
as the costs (especially wildfires and air pollution) of not doing so.  Such a framework updates 
the debate about structuring financial incentives that correspond to avoided costs. 


Biomass has been used as a source of renewable energy for approximately 50 years and 
currently generates about 1 percent of California’s total power.  From an engineering 
perspective, the technology is not the most efficient way to make electricity.  Yet biomass 
conversion offers a unique paired benefit:  a way to recycle forest waste into renewable energy 
while simultaneously decreasing potential fuel for wildfires. 


Modern management practices designed to protect forests (for example, restricting thinning or 
excessive harvesting) have produced increasingly dense vegetation.  In recent years, wildfires 
occurring in overstocked forests consumed brush and smaller trees (ladder fuels), growing into 
larger, more intense fires involving hundreds to thousands of acres.  Such catastrophic wildfires 
produce more air‐polluting emissions and cause more devastation to forests, including wildlife 
habitat and watersheds, than less intense fires. 


The B2E project integrates existing U.S. Forest Service models of fire planning and forest 
ecology with life cycle assessment models of energy use, emissions, and cost.  The life cycle 
assessment portion of the project assesses environmental impacts associated with treating, 
disposing of, and using forest biomass and producing electricity or biofuels. 


In the short time between beginning this project and completing this Final Report, energy costs 
have jumped beyond anyone’s expectations.  The research team has not attempted to update 
cost/revenue numbers to their present dollar worth, as energy price volatility makes such 
computation a moving target.  All cost and revenue numbers reported in these pages are in 2006 
dollars. 


Purpose and Project Objectives 


The B2E project demonstrates the capabilities of a robust and complex modeling structure using 
real‐world data to identify and analyze costs and benefits associated with removing biomass 
(thinnings and other waste) from the forest and using it to generate electrical power. 
Environmental benefits associated with removing biomass from forest ecosystems are 
quantified by the model, including decreased size and severity of wildfires and reductions in 
life cycle greenhouse gases and other air pollutants.  In addition, this project demonstrates that 
it is possible to build a set of interconnected and interdisciplinary models to represent 
quantifiable relationships between economic investment, forest vegetation, and wildfire, on the 
one hand, and impacts on air quality, energy production, wildlife habitat, and other ecosystem 
effects on the other. 
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At the core of this study is a life cycle assessment, which examined approximately 2.7 million 
contiguous acres of Northern California forest (referred to in this study as the beta landscape.)  
This beta landscape contains public and private lands located at the northern end of the Sierra 
Nevada range straddling both the Central Valley (to the west) and the Great Basin (to the east.)  
Forestry operations and biomass power facilities have been part of the economic fabric of this 
rural region — including parts of five counties and the Feather River basin — for nearly 30 
years.  The beta landscape was selected to represent high infrastructure and other asset values, 
high fire risk, and a broad range of economic, social, and ecological diversity.  


A decade is the shortest meaningful period for modeling forest vegetation growth. This study 
projects data over four decades, beginning in 2006, and accommodates the typical life of a 
power plant, which is 35‐40 years.  In each decade, the model measures existing forest inventory 
and allows for vegetation growth over time.  For modeling and analysis, the beta landscape was 
divided into units called grid cells, each measuring 100 square meters. 


For this project, the life cycle assessment models two possible conditions in the beta landscape.  
First, the Reference Case models only the interaction of vegetation growth and wildfires to 
establish an ecosystem baseline.  To establish the fire model, the research team used historical 
data.  Historically, approximately 65,000 acres within the beta landscape burn over a typical 
decade.  Modeled fires were also burned on the landscape consistent with historic ignition 
patterns. 


This no‐treatment Reference Case is compared to a Test Scenario in which a complete menu of 
forest management treatments such as thinning, clear‐cutting, and selective harvesting are 
modeled.  Sawlog and biomass removal occurs during all of these treatments.  In the Test 
Scenario, an average of 492,863 acres per decade receive treatments across the beta landscape. 
The energy use, emissions, costs, and revenues related to these treatments are quantified. 


This B2E study used actual data from the Mount Lassen Power plant in Westwood, California, 
built around 1980.  Mount Lassen Power, which has a long history of continuous operations, 
receives most of its feedstocks from forest thinning operations within a 30‐50 mile radius.  
Mount Lassen Power provided empirical data representative of operating and maintaining a 
typical biomass power plant.  In addition, a technical working group collected empirical data 
about equipment used in forest harvest operations from forestry experts.  This was used to 
model fuel and lubricating oil consumption, machine‐specific emissions, and productive 
machine hours.  


Most landscape models lack a time dynamic.  Such models make a statement about a single 
event or condition.  The reality of forest management at a landscape level is that neither 
treatments nor fires take place all at once; impacts are distributed over space and time.  Also, 
forests are dynamic systems that change and recover from impacts over time.  For this reason, 
the team explored the need for building a time dimension into the study and concluded that 
sequential treatments and disturbances should be accommodated. 


Developing such a conceptual framework to model landscape level changes over 40 years 
required a kind of daisy‐chaining of various scientific models.  For example, vegetation models 
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feed into fuel models, which feed into fire models.  Looking at the forest in this way presented 
major computational and database management challenges.  Forest inventory datasets (called 
tree lists) often reached tens of gigabytes while calculating time‐dynamic changes. 


The total biomass available for energy conversion is calculated by measuring the amount of 
vegetation (small trees, branches, brush and litter) removed during a treatment.  The next 
modeling steps include processing, transportation (assuming an average haul distance of 30 
miles), and energy production.  It should be noted that many biomass plants operating in 
forests use additional fuels (such as agricultural and urban waste) to achieve economic 
efficiencies.  For this study, the model assumes that only forest waste was used to generate 
energy.   


After treatments are modeled, a reduced level of wildfires occur over the four decades in the 
Test Scenario, where they are fed by post‐treatment fuels conditions.  Post‐fire treatments (such 
as salvage operations) are also modeled, as are the growth of treated and untreated forest 
stands as well as burned stands.  The model finally reports on vegetation conditions at the end 
of each decade resulting from treatments or fires as well as the interactions of treatments and 
fires in places where the two events overlapped. 


Project Outcomes 


An initial scenario was built to test the model.  This Test Scenario — modeling thinning, 
transporting, and converting biomass into electrical power — yielded the following results 
when compared to the no‐treatment Reference Case: 


• $1.58 billion in power revenues, assuming an 8.3‐cent per kilowatt‐hour price on the 
wholesale power market.  A negligible amount of fossil fuels (approximately 1.3 percent 
of total energy consumed) is required to produce this power. 


• Clear life cycle climate change benefits, including a 65 percent net reduction in 
greenhouse gas emissions (from 17 million tons of carbon dioxide (CO2) equivalents to 
5.9 million tons of CO2 equivalents.)  


• A 22 percent reduction in the number of acres burned by wildfires.  Even greater 
reductions can be anticipated by strategically locating thinning projects in areas of high 
fire hazard. 


• A significant economic gap between the cost of biomass fuel delivered to power plants, 
estimated at $68 per bone dry ton, and the 2006 financial analysis of greenfield power 
plant development under which maximum fuel costs would have to be less than $8.20 
per bone‐dry ton in order to build the project.   


• A dramatic drop in fire severity.  Again, strategic location of thinning treatments would 
likely enhance this result. 


• Savings of $246 million in avoided wildfire damage to assets, including timber, 
buildings, and infrastructure, as well as $18 million savings in avoided fire suppression 
costs. 
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• A substantial offset of fossil fuel consumed to generate the same amount of electricity 
over the same period (estimated at a life cycle savings of approximately 120 terawatt‐
hours.)   


• Impacts on habitat suitability over the 40‐year period from treatments and fires could 
not be accurately determined. 


• Minimal cumulative watershed effects over the 40‐year period.  


This final report contains detailed explanations of these findings.  Further information, 
including highly detailed and specific analyses, model specifications and model run results can 
be found in the appendices. 


Conclusions and Recommendations 


This study offers insights into potential economic, energy, and environmental trade‐offs 
associated with managing forest biomass.  By modeling the effects of biomass removal at the 
landscape level, this forest‐based life cycle assessment provides a credible method of measuring 
the relative values of converting forest biomass to energy as well as the costs of not doing so.  
Such a framework can inform the debate about structuring financial incentives that correspond 
to avoided costs.  In addition, this study invites future examination of biomass to energy 
applications stretching beyond the forest landscape. 


Instead, the study supports development of scenarios to demonstrate the interactions of 
multiple benefits and impacts associated with treatments from which biomass is used for 
energy production.  When quantifying the economics of converting forest waste into renewable 
energy, the net benefits to the environment extend far beyond energy production, as this study 
demonstrates. 


The vegetation data used in the model were well‐suited for estimating wildfire behavior and 
emissions, the economic value of harvested wood products, and power plant operation and 
emissions. However, these data were not as well‐suited to the characterization of disturbance 
impacts on habitat.  The study’s conclusion that treatments have minimal impacts on habitat 
quality for the nearly 120 habitat types modeled must be viewed with caution and may change 
with additional research and improvements in habitat modeling. 


Cumulative effects on watershed appear to be minimal.  Watershed effects are highly localized 
depending on severity of wildfire.  High severity wildfire impacts watersheds more than the 
impacts associated with treatments.  The Test Scenario shows reduced wildfire severity, and 
therefore reduced soil erosion, as a result of forest thinning. 


Some items cannot be modeled, such as social choices that impute value to forest ecosystems. 
The costs of quantifying and modeling social preferences were found to be beyond the scope 
and capacity of the B2E project.  For example, quantification of “healthy forest conditions” 
proved elusive and subjective.  Further research on this topic would be needed to meet the 
stringent quantification requirements of the life cycle assessment and economics models used in 
this study. 
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Benefits to California 


The Biomass‐to‐Energy project has contributed to California’s capacity to analyze forest 
biomass usage opportunities at the landscape scale.  Even in draft form, the Secretary of the 
United States Department of Agriculture has identified the project as a “highly influential 
scientific assessment,” with implications for how the USDA Forest Service would use life cycle 
assessment to evaluate the benefits of biomass power. 


California has approximately 40 million acres of forest lands, nearly half of which are managed 
by private landowners.  The economics of private forest land management historically have 
constrained opportunities for effective and sustainable management.  The B2E project’s 
approach is likely to assist policy makers and landowners in evaluating comprehensive and 
long‐term benefits to the environment, as well as enhancing economic opportunities in forest‐
dependent communities. 


Realization of the benefits of thinning forests and using the waste products for energy 
production are largely a matter of public choice and policy making.  Many of the benefits of 
managing California’s forests — such as reducing wildfire effects, saving fire suppression costs, 
providing clean air and water and other climate benefits — may be better reflected in future 
markets and public policy as a result of this project.  Biomass power is a rare form of renewable 
energy in that it provides a broad range of benefits at relatively low cost to the consumer and 
substantial ancillary benefits to the environment.  Further quantification and analysis, building 
on the work presented by the project, will help California’s policy makers and legislators 
evaluate how forest biomass will contribute to larger societal and environmental goals. 
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1.0 Introduction and Background  
California’s forests represent a significant potential resource for generating biofuels and 
bioenergy.  More recently, policy makers and land managers have begun considering the 
potential for forested landscapes to substantially alter carbon cycling as a mitigation strategy for 
greenhouse gas reduction.  In addition, most of the state’s developed water resources depend 
heavily on California’s forests being maintained in healthy and resilient conditions, especially in 
the light of probable climate changes over the coming century.  In short, forests represent a 
complex and critical resource, providing a broad array of public and private goods and services 
(Nechodom et al. 2008).   


Nearly 40 million acres, or 40 percent of the state’s land area, are covered by some kind of forest 
(USDA Forest Service 2007).  The rich variety of forest ecosystems is almost unequalled in the 
world, with vegetation types ranging from dense coastal redwood to foothill oak woodland to 
mid‐elevation mixed conifer to high alpine fir.  California’s Sierra Nevada Range hosts some of 
the world’s most productive temperate forests, growing an impressive range of species from 
giant sequoia to ponderosa pine and Douglas fir to high‐elevation white bark pine.  


These forests are prone to wildfire.  In fact, fire has been such an integral part of their evolution 
that foresters refer to them as fire adapted forests.   In the absence of fire, most Western temperate 
forest ecosystems become vulnerable to drought, disease and catastrophic5 wildfires.  A 
management policy of excluding wildfires from forest ecosystems over the past century has 
contributed to an increasing risk of large‐scale wildfires that leave forests in worse shape than 
after fires that burn under less intense conditions.  In sum, some of the forest must burn to be 
healthy, but high‐severity fires over large land areas can leave landscapes and ecosystems in 
unhealthy conditions for a very long time.  


Managing California’s forests toward a more stable relationship with fire has become a major 
focus of forest policy and management over the last several years.  How to do this has been 
controversial.  Some would prefer to “let nature take its course,” leaving fires to burn largely 
unabated, protecting only relatively small buffer areas around valuable assets and communities, 
eventually “resetting” the equilibrium of forested landscapes.  Others contend that only 
intensive forest management over very large areas will create forest structures that will be 
resilient to fires, allow fire suppression resources to deploy safely around communities, and 
ensure the long‐term sustainability of forests that have been allowed to grow in unsustainable 
ways.  Yet another perspective holds that strategically thinning patches in a pattern across the 
landscape reduces the rapid spread of intense wildfires, encourages fires to burn undergrowth 
and to thin trees naturally, and reduces the amount of resources required to manage wildfires in 
the future. 


                                                 
5. Catastrophic fire refers to stand replacement or high intensity fires that cause damage to ecological 
and/or economic assets and values.  The B2E project also refers to these types of fires as 
uncharacteristically severe wildfires. 
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Each of these options has both ecological and economic consequences.  Some of these outcomes 
are quantifiable, while other impacts are more elusive and difficult to measure.  For example, 
the costs of thinning are easily measured by accounting for the expenses associated with 
moving machinery into the forests, removing trees and brush, and moving products with any 
value to their respective processing facilities and markets.  However, the “costs” associated with 
impacts to streams, air quality, wildlife habitat or other non‐market values are far more difficult 
to quantify.  The “benefits” associated with safer forests, beauty and amenity values, or the 
social value of sustainably managed forests can be even more elusive. 


Nonetheless, society decides how to manage public and private forests based on more than 
economics and cost, or on the measurable and tradable goods that flow from forest 
management actions.   The values that inhere in forests and their management are a complex 
bundle of market and non‐market, measurable and immeasurable, quantitative and qualitative 
goods and services.  In an ideal universe, we would be able to hold all of these competing 
values against the same measuring stick, and we would be able to compare them and make 
choices based on a single metric.  This is, of course, simply not possible.  There are goods and 
services in our forests that are highly valued by some – and are often at the center of extreme 
contention – which cannot be compared to tangible goods and services, or impacts or damages 
to those goods and services.   


In this context, a team of researchers, engineers, and forestry professionals undertook a study, 
funded by the California Energy Commission, to quantify where possible the multiple costs, 
benefits, and impacts associated with thinning forests in order to reduce wildfire risks.  In 
addition, since management nearly always produces a flow of products, co‐products and waste, 
the project focused on the potential to produce energy from the non‐commercial portion of the 
wood produced.  This product stream, which the project calls wildland biomass, or simply 
biomass, is the focus of a life cycle analysis, in which various environmental impacts associated 
with removal, transportation, processing and conversion of biomass to electricity are compared 
to the impacts associated with other ways of generating electricity.   


The research team also took on another dimension of the problem that has never been modeled 
before in quite the same way.  Could a life cycle assessment be developed to analyze the flow of 
biomass, energy and costs associated with the production of a healthy forest?  To answer this 
question, two parallel life cycle assessments were attempted, one focused on the impacts, costs, 
benefits, and co‐products associated with the production of electricity, and the other focused on 
the impacts, costs, benefits, and co‐products associated with the production of healthy and 
sustainable forests.  There was a risk inherent in this strategy.  Defining the end‐product of 
“electricity delivered to the grid” is fairly straightforward.  However, clearly defining the end‐
product of a “healthy and sustainable forest” is fraught with difficulty.  The former can be 
measured against a simple metric, i.e., megawatt‐hours generated.  The team attempted to 
measure the latter in acres that have reached a quantifiable state of “health” (which may be 
defined differently, based on the management objectives of different landowners) without 
substantially diminished capacity to maintain qualitatively measured multiple ecological 
benefits.  While not entirely successful, this attempt rendered some very useful quantification 
and analytical techniques as well as modeling insights. 
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The team took on this challenge because of the persistent difficulties that face decision makers 
and stakeholders in managing public and private forests.  The team tried to respond to a fairly 
consistent call for an honest accounting of trade‐offs, costs and benefits in managing forests for 
multiple benefits and outcomes.  At the most simple level, the driving question is:  Can forests 
be managed sustainably to produce energy and other products while meeting objectives for 
maintaining healthy forest conditions (which include reducing wildfire risk and severity) as 
well as deriving other important forest benefits and values?   


To address this question, the team set two primary objectives for the project, with three secondary 
objectives.   


1.1. Project Objectives 
The first primary objective of the research was to produce the structural framework for a life 
cycle assessment (LCA) approach to identify a range of environmental trade‐offs and impacts 
involved in removal of wildland biomass to produce electricity.  A second primary objective 
was to create and analyze a test scenario, using the LCA developed by the team.  A Test 
Scenario was designed to test the structure of the model, to ensure that logical relationships 
among processes and sub‐models had been established, and to allow sensitivity analyses of key 
modeling parameters.   


Three secondary objectives were required in order to build the modeling platform.  Each 
involved reviews and syntheses of key literature and science.  First, the team synthesized 
scientific knowledge in key environmental areas potentially affected by wildland biomass 
removal, and evaluated data sources and quality for model development.  This step involved a 
thorough review of the ecological production functions and critical ecological processes that 
were key to the model, and synthesis of the science about those functions and processes.   


The next secondary objective was to investigate, synthesize and report the status of knowledge 
in environmental and resource economics pertaining to the market and non‐market valuation of 
key indicators to be developed for the model.   


Finally, since the model represents an attempt to bring disparate disciplines in the natural 
sciences and economics into quantified relationships with each other, a number of gaps in 
research were expected to become far more evident as the model was developed.  Therefore a 
final objective was to identify critical research gaps that would allow further development of 
the prototype model after the first phase of the project.   
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2.0 Project Approach  
The B2E Project was proposed to the Energy Commission in the context of a growing need to 
consider environmental effects across large landscapes, an approach that has been manifest in 
federal land management planning over the past several years.  Several notable federal and 
state regional planning efforts have received tremendous investment and public attention in 
recent years, including the Northwest Forest Plan, the Sierra Nevada Framework, the Southern 
California Conservation Plan, the Natural Communities Conservation Plan, the San Diego 
County Multi‐species Habitat Conservation Plan, and the Western Riverside County Habitat 
Conservation Plan.  While many of these plans started out as a means to address one or more 
threatened or endangered species, in each case both scientific analysis and public pressure have 
resulted in an increasing focus on multiple ecological and economic processes at different 
scales.  Challenges and appeals to federal planning processes have often focused on the “failure 
to analyze” landscape level processes that interact with one another to produce unintended 
consequences.   


Federal and state public agencies have begun to put greater emphasis on complex scalar and 
landscape interactions.  Recent discussions to improve National Environmental Policy Act 
(NEPA) and National Forest Management Act (NFMA) disclosure requirements have focused 
on how to integrate multiple processes at different scales so that the public can evaluate the 
impacts and trade‐offs of management actions.  None of this is simple, and all of it requires 
dramatic increases in public agency personnel, public and private analytical processes, 
stakeholder involvement, and complex modeling of ecological and economic impacts. 


Because of this increasing emphasis on complexity and scale, the team recognized a need to 
“push the envelope” and attempt to meet what appears to be more frequent demand for 
accounting for complex interactions at landscape scales. The team recognized early in its project 
scoping efforts that the architecture of the final product needed to reflect the actual complexity 
of public and private land management decision making, taking into account the kinds of 
fragmented decision processes that often happen on the same landscape, with synthetic 
consequences for resources and values beyond the technical scope of a particular management 
decision.  Hence, for example, the team modeled patterns of private commercial forestry 
harvesting alongside the landscape level thinning operations of the Forest Service on national 
forest lands.  And these management patterns were subsequently analyzed in the context of 
protected and reserved areas that have an effect on the total quality of habitat and watershed 
resources at the landscape scale. 


The research team and the technical advisory committee generally agreed that, while the effort 
could prove burdensome and fraught with errors and disconnections, it was nonetheless 
important to attempt to capture complex and highly interrelated ecological and economic 
processes at a scale that continues to confound land managers and decision makers.  Trade‐offs 
at a small watershed scale may be relatively easy to identify, especially when only one or two 
landowners are involved.  But the public cares more about how the entire landscape responds, 
including impacts on key terrestrial and aquatic species, water quality, air quality and other 
public goods and services.  In this spirit, the team developed a comprehensive forest biomass to 
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energy (B2E) model to achieve the project’s primary objective of identifying a range of 
environmental trade‐offs and impacts as well as key cost and benefit relationships associated 
with managing forests and using the biomass generated from managing those forests to 
produce electrical energy.  


The comprehensive B2E Model is actually comprised of a series of interconnected sub‐models, 
which together identify and analyze economic and environmental costs and benefits of using 
forest biomass to generate electrical power while meeting an array of landowner forest 
management objectives at a landscape scale. The sub‐models were built to analyze the 
environmental effects of different forest management strategies conducted over a specified time 
period through two arenas: the wildland landscape and the biomass power production plant. 
The landscape and power plant arenas are linked by the transport of biomass material from the 
wildlands to power plant. The landscape provides the surface for exploring how forest 
management treatments (which generate biomass material for electricity production) affect 
vegetation and fire behavior. Landscape‐scale changes in vegetation and fire behavior 
ultimately determine many of the benefits associated with forest‐based biomass power 
(including reductions in wildfire impacts on communities, forests, wildlife habitats, and 
watersheds; improvements in air quality and water quality; protection of human health and 
welfare; and renewable energy production) and the costs associated with achieving these 
benefits. 


Three existing biomass power plant technologies and two emerging biomass conversion 
technologies were analyzed by the engineering and life cycle assessment teams for this project.  
The results of these analyses have been published by Nechodom et al. (2008), and include very 
early results from a next‐generation thermochemical conversion technology that produces both 
electricity and ethanol.  For the purposes of the LCA portion of this study, three of the 
technologies specific to electricity generation were analyzed and compared in the LCA model, 
per the scope of the original Energy Commission contract.  The comparison of three biomass‐to‐
electricity technologies allowed the LCA team to reveal differences in efficiencies of electricity 
production, energy use, and emissions impacts associated with different conversion 
technologies. 


Data for three types of biomass power plants (a current generation combustion plant, a current 
generation integrated gasification/ combustion plant, and a next generation thermochemical 
conversion plant) were provided by the LCA and engineering teams.  Nameplate and net 
capacity, efficiencies, and stack emissions are presented below.  The emissions are 
supplemented to include CH4 and N2O emissions as described by the U.S. EPA (2003).  The use 
of supporting equipment used at the power plant (i.e., a bulldozer, two loaders, a bobcat, a tub 
grinder, and a natural gas emergency generator) and ancillary grid electricity use were also 
included.  Although the fuel use and emissions of the supporting equipment were deteriorated 
over time, based on the U.S. EPA’s NONROAD2004 Model, the stack emissions and efficiency 
were held constant throughout the plant life cycle.   


Ultimately, the spatial and temporal analytical methods used in the study required separation 
of the project’s modeling processes into different domains in order to conduct discrete modeling 
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and analyses.  These domains are listed in Table 1 below and described in detail in subsequent 
sections of this report.  Each of the major domain teams has completed a comprehensive report 
that describes in detail the modeling approaches and findings within that domain.  The domain 
reports are included here as appendices. 


Table 1 - B2E project modeling and analysis domains 


Domain Purpose and Modeling Processes 
Vegetation Determine the amount, area, and structure of vegetation across a landscape over time 


under different scenarios.  Interact with the fire modeling domain to reflect changes in 
vegetation condition before and after modeled fire events. Use Forest Inventory 
Analysis (FIA) and other vegetation datasets to establish the initial vegetation condition 
on the landscape. Then use the Forest Vegetation Simulator (FVS) with the Fire and 
Fuels Extension (FFE) to model changes in the initial vegetation inventory in each time 
period (decade) due to forest management treatments and/or fires. 


Fire Use inputs from the vegetation domain for each model decade as the initial inventory 
and condition.  Apply a series of representative ignition points and model 
representative forest fires and report fire effects (fire size and severity) under treated 
and untreated scenarios. 


Equipment 
Configuration 


Establish forest operation equipment options under each scenario.  Design a 
representative configuration of equipment used for each forest management treatment 
prescription, and scale the equipment configuration to the size, location and distance of 
the forest treatment operation, including transportation to the conversion facility 
(sawmill or biomass power plant). 


Life Cycle 
Assessment 


Analyze all energy and material inputs and outputs by unit process, beginning with 
forest management treatments on the landscape and following all operations to 
terminate with interconnection with the California power grid.  Assess environmental 
impacts, comparing them with those required to produce an equivalent amount of 
electricity from natural gas. 


Economics Determine economic values associated with changes in natural resource conditions 
across the landscape.  Analyze costs and revenues of forest management and 
biomass conversion, and integrate these costs and revenues into market transaction 
and other measurable costs and benefits at the landscape level over time. 


Ecosystem 
Services 


Develop a framework for analyzing the non-market values of ecosystem services 
associated with forest conditions in the landscape.  Specify discrete ecological 
endpoints that could be measured in economic terms to determine total system costs 
and benefits. (This domain remains incomplete due to cost limitations.)   


Wildlife Habitat Evaluate vegetation conditions and other environmental variables to determine effects 
of forest management treatments and wildfire on wildlife habitat.  Assess impacts of 
treatments and fire on native biological diversity indicators.  Integrate key ecosystem 
services into the habitat suitability indicators matrix for a comprehensive model of 
sustainable habitat conditions.  Use California Wildlife Habitat Relationships (CWHR) 
as initial model to determine change; develop improved, empirically driven models for 
specific species to refine initial modeling assumptions. 


Cumulative 
Watershed 


Evaluate effects on soil erosion in aquatic systems due to forest management 
treatments and fire disturbances.  Use the Forest Service’s Water Erosion Prediction 
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Domain Purpose and Modeling Processes 
Effects Project (WEPP) model, a standardized tool for measuring watershed effects, and 


integrate the Fuel Management Erosion (FuME) extension to determine specific effects 
of forest treatments on key watershed indicators.  Normalize all impacts to a 
standardized Equivalent Roaded Acre (ERA), used in the Forest Service’s Pacific 
Southwest Region cumulative watershed effects methodology, to compare projected 
watershed impacts. 


 


2.1. B2E Modeling Domains and Processes 
The following sections describe the analytical processes used in the project domains, with the 
general sequence of process steps outlined in Table 2  below.  While the first four process steps 
were conducted in a sequential manner, subsequent steps were either iterative, interacting with 
other process steps, such as vegetation and fire modeling, or initiated separately from other 
processes once treatment plans were in place (for example, equipment configuration).  All of the 
process steps were connected with other process steps, albeit to varying degrees.  For example, 
the wildlife habitat analysis was inherently connected to the vegetation and fire analyses; 
however, it was independent of the LCA.  Both the LCA and economic analyses relied heavily 
on pre‐processing steps in the other domains to provide input to their respective models. Figure 
1 graphically depicts the relationships and data flows between the project’s various modeling 
and analysis domains. 


Table 2.  Sequence of B2E model analytical processes 


Process Domain Outputs 
Establish landscape analysis area. General:  consultation with 


team and stakeholders 
Geographic area of analysis 


Select temporal scope. General:  consultation with 
team and stakeholders 


Time frame of analysis 


Determine scenarios to be tested. General:  consultation with 
team and stakeholders 


Hypotheses to test; independent 
variables; landscape goals and 
objectives identified 


Develop vegetation treatment 
plans. 


Vegetation, in consultation 
with team and stakeholders 


Locations, sizes and types of 
treatments 


Track changes in vegetation 
resulting from the interactions of 
treatments, fire, and growth over 
time. 


Vegetation Dynamics Acres treated by prescription and 
scenario; amount of vegetation 
removed by treatment; amount of 
vegetation removed by fire; amount 
of vegetation retained on site 
following treatment, fire, and growth


Analyze wildfire behavior.  Fire Behavior Representative ignition points 
(following probability and risk 
analysis); acres burned by severity 
class in each decade 


Calculate emissions from each Fire Emissions  Emission factors for each type of 
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Process Domain Outputs 
type of burn, i.e. wildfire, 
underburning, or pile burning. 


burning; emission quantities for 
each decade, scenario and type of 
burn (severity and type of burn) 


Determine equipment used for 
forest treatment operations. 


Equipment Configuration List of all machinery used, including 
horsepower ratings, operation 
hours, distances traveled, 
personnel required; calculation of 
sides6 required scaled to treatment 
areas 


Characterize power plants or other 
biomass conversion technologies. 


Life Cycle Assessment Selected technologies to compare; 
fossil fuel use and other operational 
materials; energy use, production 
and waste heat; emissions  


Conduct life cycle assessment of 
in-forest operations and biomass 
energy conversion facilities. 


Life Cycle Assessment; 
Equipment Configuration 


Energy use; emissions; 
environmental impacts including 
contribution to global warming 
potential (GWP), acidification, and 
smog production 


Assess changes in wildlife habitat 
over time. 


Wildlife Habitat Impacts to key species (requires 
selection of species matrix) 


Conduct ecosystem services 
assessment. 


Ecosystem Services Impacts to key ecosystem services 
and ecological endpoints 


Analyze cumulative watershed 
effects. 


Cumulative Watershed 
Effects 


Impacts to soil; soil movement 


Analyze economic costs and 
benefits. 


Economics Damage to assets at risk from 
wildfire; treatment costs and 
revenues; power plant costs and 
revenues; fire suppression and 
rehabilitation costs (on a per acre 
basis) 


 


                                                 
6 Side is a common term used by harvest contractors to denote a separate and distinct blend of harvest 
equipment  conducting  harvest  activities  as  a  separate  operation.  This  is  discussed  at  length  in  the 
Equipment Configuration domain section. 


15 







 


 
Figure 1. B2E project model 
The sections below present the approaches used by each modeling domain. Section 3.0 of this 
report presents the modeling results in the same logical sequence. 


2.2. Selection of Landscape Archetype 
In this step, the team worked from an initial Alpha test landscape (1.1 million acres located in 
the northern Sierra Nevada), expanding to a final landscape archetype, or the Beta landscape, to 
include more logical regional boundaries.  Criteria used to select the Beta landscape archetype 
included: 


• Hazardous Fuels Conditions: A significant portion of the landscape has forest 
conditions that contribute to high risk and hazard for catastrophic wildfire.   


• Ownership Mix:  Given the range of values being measured as a function of changes in 
resource conditions, the landscape contains multiple ownerships and a range of values.   


• Human Settlement and Capital Assets:  The landscape contains a diversity of 
infrastructure, structures, and other assets at risk of loss to wildfire.   


• Habitat:  The landscape has a diversity of threatened and endangered species habitats 
that are at risk of loss from wildfire. (This allows testing the variation in higher‐value 
habitats in the face of disturbance.) 
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• Data Quality:  Sufficient data about the attributes to be assessed in each domain exist.  


• Landowner/Agency Interest:  Landowners who have significant data holdings or who 
are in a position to offer critical review of the data and conclusions regarding the study 
area are willing to cooperate. 


• Current and Past Management:  The landscape has been actively managed and active 
management strategies are in place.  (This allows testing of the differences between 
treated and untreated areas.  If no management regimes were in place, the project would 
have to make several broad assumptions about management potential on the 
landscape.)  


• Geographic Scope and Representative Ecoregion:  The landscape is sufficiently large to 
capture a diversity of landscape‐level ecological processes and to measure changes in 
ecological endpoints (see ecosystem services model). 


 


2.2.1. The B2E Beta Landscape 
The Beta landscape encompasses approximately 2.7 million acres in the northern Sierra Nevada 
mountain range.  The region included parts or all of five counties, a river basin (Feather River) 
significant for its hydropower resources, as well as other developed water assets, and nearly 180 
different vegetation types, ranging from brush and shrub to dense mixed conifer forests. 
Population in the region was typical of a predominantly rural forested region, and forestry 
operations and biomass power facilities had been common parts of the economy and landscape 
for several decades.  A growing recreation and amenity industry in the region made it ideal for 
testing likely changes in value of property, recreation, and other aesthetic changes due to 
wildfire losses as well as the impacts of fuels treatments.   


The study used the following five simplified land ownership categories, stratified in large part 
by the degree to which lands may be managed to modify wildfire behavior and differences in 
administrative or policy conditions: 


• Public Multiple Use (PMU):  lands administered and managed by public agencies, 
specifically the Forest Service (FS) and USDI Bureau of Land Management (BLM). PMU 
lands do not include areas that are reserved or withdrawn from management (such as 
wilderness areas, wild and scenic rivers, special management areas, and so forth): such 
lands are included within the Public Conservation and Recreation category described 
below. 


• Public Conservation and Recreation (PCR):  lands administered by public agencies that 
are typically not managed at any significant scale, and therefore assumed to have little 
or no impacts on wildfire behavior through management. 


• Industrial Private Forests (IPF):  private lands managed primarily for commercial 
timber production. 


• Non‐Industrial Private Forests (NIPF):  private lands managed occasionally for timber 
values.  The project used the California Board of Forestry’s definition for NIPF owners: 
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those who typically own less than 5,000 acres of forest land and do not own a sawmill or 
other forest products processing facility. 


• Urban and Other (U):  land that is divided into smaller parcels, usually developed with 
assets, structures or other infrastructure (such as dams, penstocks, landfills, and so 
forth).  These lands are assumed to have little or no management potential in changing 
wildfire behavior.   


Table 3 indicates the distribution of ownerships in the Beta landscape and shows that public 
lands comprise a significant portion of the landscape.   


Table 3.  Land ownership categories in the B2E Beta landscape 


Land Category Acres % of Total 
Public Multiple Use 1,374,783 50% 
Public Conservation & Recreation 407,776 15% 
Industrial Private Forests 457,427 17% 
Non Industrial Private Forests 383,008 14% 
Urban & Other 112,816 4% 
Total 2,735,809 100% 
 


The 2.7‐million acre Beta landscape’s location at the northern terminus of the Sierra Nevada 
Range and its straddling of the Central Valley (to the west) and the Great Basin (to the east) 
results in representation of a wide range of vegetation types, from hardwood to Jeffrey pine 
forest types, mixed conifer to pinyon juniper forest types. Table 4 displays the major vegetation 
types and their respective acreages within the Beta landscape.    
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Table 4. Major vegetation types in the B2E Beta landscape 


Vegetation Type  Acres  % of Total 


Alpine 5 nominal 
Douglas-fir 4,777 0.2% 
Eastside pine 398,401 14.6% 
Eastside mixed conifer 579,683 21.2% 
Hardwoods (productive) 34,758 1.3% 
Hardwoods (non-productive) 67,640 2.5% 
Jeffrey pine 10,872 0.4% 
Knobcone pine 395 nominal 
Lodgepole pine 27,550 1.0% 
Westside mixed conifer 519,507 19.0% 
Pinion-Juniper 12,209 0.4% 
Ponderosa pine 219,552 8.0% 
Red fir 101,499 3.7% 
Non-forest types 301,392 11.0% 
White fir 167,792 6.1% 
Shrub types (non-productive) 289,163 10.6% 
Total 2,735,1957 100% 
 


2.3. Temporal Scope of B2E Modeling Domains 
Most landscape models are static.  That is, there is no time dynamic in the modeling, which 
limits the landscape model to statements about a single event or condition.  The team explored 
the need for building a time dimension into the study, and concluded that sequential treatments 
and disturbances should be accommodated.  The reality of forest management at a landscape 
scale is that neither treatments nor fires take place all at once.  Compressing treatments or fire 
events spatially and temporally onto a landscape renders a distorted view of impacts that are in 
fact distributed over space and time.  This distribution is meaningful in dynamic systems that 
recover and change over time.   


The team analyzed the computational challenges of modeling vegetation changes over time, 
including the addition of fire and treatment events.  In each decade (which is the shortest 
meaningful time period for modeling forest vegetation growth), the model would need to 
measure existing forest conditions (forest inventory); apply treatments across the landscape,  
providing post‐treatment fuels conditions for fire modeling; then apply wildfires across the 


                                                 
7 The slight difference in acreage (614 ac.) between the ownership and vegetation classification, 
in Tables 3 and 4, is due to the methods used to measure vegetation types.  Ownership is drawn 
from actual polygons while vegetation types are measured in 100 square meter grid cells, and a 
grid cell is counted under a classification only when a majority of the cell is occupied by the 
vegetation type. 
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landscape; apply post‐fire treatments, under specified conditions; allow for the growth of 
treated and untreated forest stands as well as burned stands; and finally report on the 
vegetation conditions at the end of the decade that resulted from treatments and fires alone as 
well as the interactions of treatments and fires in places where the two events overlapped.  For 
the Beta landscape, a typical scenario resulted in treating approximately 300,000 acres per 
decade and burning approximately 65,000 acres per decade, across hundreds of discrete 
polygons, presenting major computational and data management challenges.  Forest inventory 
datasets (called tree lists) often reached tens of gigabytes while calculating time‐dynamic 
changes.   


Given these computational challenges, the team determined that a 40‐year time frame – or four 
decadal modeling periods – was an appropriate time scale for the B2E Model to show 
statistically meaningful variation. In addition, this timeframe fits well with the economics that 
drive timber harvest (scheduled treatments are typically conducted at 20‐year intervals) as well 
as the life cycle of the technology being evaluated (biomass conversion plants typically have a 
30 to 40 year life cycle before replacement).  


2.4. B2E Scenario Development 
Landscape scenarios were developed to test key parameters, assumptions, and ecosystem 
effects.  The key independent variables that could be manipulated to change outcomes and 
effects were primarily related to the forest management treatments: their size, spatial 
distribution, and intensity or type of treatment.  Secondary independent variables included 
power plant technology and location.  Dependent variables included the kinds of equipment 
and their configuration chosen to accomplish the treatments; economic values associated with 
changes in treatment and fire; and other environmental indicators of habitat, watershed, and 
carbon storage conditions.   


The team developed a Reference Case (which modeled no vegetation treatments) and a Test 
Scenario (which modeled vegetation management regimes on public multiple use (PMU), 
industrial private (IPF) and non‐industrial private (NIPF) forest lands).  Table 5 below shows 
the basic structure and logic of the scenarios used to test the B2E Model.  


Table 5. B2E Beta model scenarios 


Scenario Assumptions related to 
Wildland Fires and Forest 
Management Treatments 


Average acres per decade 
treated 


Reference Case Baseline wildland fires burn; No 
treatments.  


IPF/NIPF: 0  
PMU: 0  
Total: 0 


Test Scenario (IPF, NIPF and 
PMU) 


Baseline wildland fires burn; 
Treatments on IPF, NIPF, and 
PMU lands. 


IPF and NIPF lands:  313,416 
PMU lands:  179,447 
Total:  492,863 
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The total number of acres treated does not reflect the variation in types, sizes or locations of 
treatments.  These are described in greater detail in the section below on vegetation treatments.  
It is also important to emphasize that the Reference Case is technically not a scenario, but a 
hypothetical baseline case that allows comparisons with actual management scenarios.   


Scenario development is importantly a collaborative process.  The team used wide experience 
and previous analyses to develop the Test Scenario.  The main purpose of the Test Scenario was 
to test the functioning of the B2E Model, particularly the linkages between the series of the 
Model’s interconnected domains.  However, it was clear to the team that scenarios are deeply 
embedded in social and policy preferences.  Additional scenarios would need to engage 
stakeholders or specific clients in extensive discussions about landscape level goals and 
objectives before designs for size, type, and location of treatments could be developed. 


2.5. Vegetation Treatments 
As depicted in Figure 1, all of the B2E Project’s models require inputs related to assumptions 
about vegetation treatments. For the Test Scenario, the team used experience and previous 
analyses to spatially arrange different types of treatments across the Beta landscape over the 40‐
year time period. Under future model applications, each scenario must have  a clearly‐defined 
set of assumptions relative to treatment area designs for each land ownership category and site 
condition (for example, slope steepness and proximity to streams). The final treatment plan for 
each scenario should consist of a map displaying the location of each treatment area and a 
crosswalk assigning a treatment prescription (a series of discrete treatment activities applied 
over a specified timeframe to a specific piece of ground) to each treatment area. Hence, the key 
steps in formulating forest treatment plans include: (a) spatially locating treatment areas across 
the landscape and (b) applying a series of treatment activities over time (i.e. a treatment 
prescription) to each treatment area. 


2.5.1. Locating Treatment Areas and Assigning Forest Management Regimes  
Each treatment area’s size, location, and forest management regime in the Beta landscape was 
determined based on land ownership category. On IPF lands, treatments were designed to meet 
California Forest Practices Act requirements, and the modeled treatments were developed 
through a collaborative effort involving scientists, forestry professionals, and the team (see the 
B2E Project Forest Operations and Equipment Configuration Report, Appendix 3).  IPF 
management regimes were based on a roughly evenly distributed representation of the kinds of 
commercial operations typically found in California.  Of the approximately four million acres of 
commercial forest lands in California, and among the half‐dozen or so major commercial 
operators in fire‐prone forested areas, treatment prescriptions range from clear‐cutting to 
selective harvest.  In each commercial forestry operation, throughout the cycle of growing trees 
to maturity and harvest, thinning operations are typically used to enhance growth and reduce 
impacts from fire, insects, and disease.  These are referred to as pre‐commercial thinning and 
commercial thinning, the former removing smaller stems to reduce competition and enhance 
the growth, and the latter removing merchantable sawlogs to further enhance the growth of the 
remaining trees.   
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Similarly, non‐industrial private NIPF lands are modeled under different management 
objectives than many of the IPF lands.  Therefore a set of prescriptions must be developed that 
reflect the average common practices of smaller, non‐industrial land management regimes.  For 
the Test Scenario, the team assumed that these lands would be treated using selective harvests 
intended to continually maintain trees on site, thereby conserving future options, either for 
timber production or other purposes. 


To locate treatments on national forest lands (which comprised most of the PMU lands in the 
Beta landscape), the team needed an approach that could be used to validate the modeling 
assumptions and verify the modeling results. Toward this end, the team relied on existing 
management direction from the Sierra Nevada Forest Plan Amendment Record of Decision (USDA 
Forest Service 2004), which the national forests in the Beta landscape (Plumas, Lassen, and 
Tahoe National Forests) are currently following to design fuels treatments.  Hence, treatment 
area locations on national forest lands in the Beta landscape were based on a combination of 
defensible fuels profile zones (DFPZs), or shaded fuelbreaks, and strategically placed area 
treatments (SPLATs). While these two specific treatment designs were used for the Beta test, the 
B2E Model is designed to accommodate and test an endless array of prescriptions for 
management regimes and different treatment designs.  


DFPZs were generally located along ridge tops and roads: these are areas where firefighters 
would make a stand to contain a wildland fire. A DFPZ’s width is determined by potential fire 
behavior based on available fuels, weather, and topography.  DFPZs are not designed to stop an 
oncoming fire, but rather to provide a safe location to facilitate fire suppression efforts. The 
DFPZs on the Beta landscape were located as mapped for the Final Environmental Impact 
Statement for the Herger‐Feinstein Quincy Library Group Forest Recovery Act Pilot Project (USDA 
Forest Service 1999). 


The SPLATs were located using a conceptual herringbone pattern of area treatments distributed 
across the Beta landscape, based on the premise that disconnected fuel treatment areas 
overlapping across the general direction of fire spread are theoretically effective in changing fire 
spread (Finney 2001).  For purposes of modeling, each SPLAT was a 150‐acre rectangle, oriented 
according to the prevailing wind direction in order to intercept a spreading fire. The Beta 
landscape’s highly‐stylized herringbone pattern of treatment areas was designed to statistically 
mimic what is often referred to as “the Finney Effect.”  The pattern has been used as a starting 
point for landscape‐level fuels reduction planning on national forest lands in California. This 
pattern of treatments starts with the assumption that forest thinning treatments on 
approximately 30% of the total land area in a given landscape can have a “speed bump” effect 
by interrupting and slowing the spread of an oncoming wildland fire, ultimately resulting in 
smaller wildland fires with less severe effects.  As the planning process proceeds, more detailed 
analyses of actual fuel characteristics and likely wildfire behavior allows planners and 
stakeholders to work collaboratively to adjust the size, location, shape and treatment 
prescriptions among SPLATS.  The full planning process, which the Forest Service refers to as 
its Stewardship and Fireshed Assessment (SFA) process, involves several hundred person‐hours of 
preparatory work, including a series of planning meetings for agency and public stakeholders, 
before the final pattern and timing of treatments is ready to be applied.  The final step for the 
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Forest Service involves following National Environmental Policy Act (NEPA) environmental 
analysis before the SPLAT strategy can be implemented.  It is a labor‐ and data‐intensive 
process, resulting ultimately in a highly‐refined, landscape‐level plan for modifying the 
behavior, and hence the effects, of large wildland fires, balanced with other values and 
concerns.   


The B2E project did not engage the complete SFA process as used by the Forest Service, largely 
due to time and resource constraints, but also because the purpose of this study was a more 
comprehensive landscape analysis, well beyond the boundaries of a national forest.  The 
research team, working with the SFA cadre, did however use most of the modeling approaches 
used in the SFA process (described in other parts of this “Approach” section), in which 
vegetation and fire modeling are used to assess likely fire behaviors and outcomes on a 
landscape.   


Approximately 30% of the PMU lands in the Beta landscape were overlaid by SPLATs; the 
remaining 70% of PMU lands were not assigned treatments over the 40‐year time period. This 
should be kept in mind as further scenario development is considered in later phases of the 
study or uses of the model.  For example, a slight increase in extent or intensivity of 
management on PMU lands could result in substantial increases in biomass produced, 
emissions avoided, electricity produced, etc.   


2.5.2   Sequencing Treatment Activities over Time 
As described above, types of treatment activities on lands in the Beta landscape ranged from 
thinning, selective harvest, and clearcut harvest on private lands to thinning on national forest 
lands. Regardless of ownership or type of treatment activity, all treatments were assumed to be 
followed by prescribed burning (broadcast burning, understory burning, or slash pile burning) 
to remove the slash (woody residues that are generated in the forest from harvesting activities).  


It is important to emphasize the distinction between treatment prescriptions and activities in the 
modeling.  Treatment activities are discrete management actions or events, such as thinning or 
understory burning.  A treatment prescription is a series of management activities applied over 
the 40‐year timeframe to a specific piece of ground. Hence, each treatment area was assigned a 
prescription sequence consisting of a series of treatment activities for each 10‐year time period. 
In certain time periods, no treatments were assigned and the growth of the vegetation was 
simply tracked.  For example, a regeneration prescription on IPF land would assign an even‐
aged harvest (clearcut) on a 20‐acre treatment area in the first decade (2006), followed by pre‐
commercial thinning in the second period (2016), and then a commercial thinning 20 years later 
(2036).  The entire 40‐year series of management activities is captured in specific coding in the 
B2E model databases (see the B2E Project Vegetation Dynamics Domain Report, Appendix 1).  


2.6. Vegetation Dynamics Modeling 
The vegetation domain tracked changes in vegetation and fuels resulting from modeled growth, 
vegetation management treatments, and fire across the Beta landscape over the 40‐year period. 
The vegetation domain was closely integrated with the Project’s fire domain: the condition of 
the vegetation and surface fuels (combined with topological and weather variables) was used to 
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model fire behavior (as described in the following section), with the resulting fire effects 
subsequently fed back and used to modify the vegetation.  


The analysis assumed a dynamic landscape where vegetation was constantly undergoing 
change through the processes of growth, treatment, and wildland fire. The vegetation domain 
spatially tracked these vegetation changes at multiple scales (from a per‐acre scale to an entire 
landscape scale) over time. The outputs from this domain supplied the raw data used by the 
B2E Project’s other domains, which explored how these landscape‐scale vegetation changes 
ultimately affected wildland fire behavior, electricity production, habitat conditions, emissions, 
carbon cycling, hydrologic conditions, economics, and ecosystem services. 


Geographic Information System (GIS) spatial layers for vegetation, ownership, elevation, and 
slope in the beta landscape provided the foundation for the vegetation domain. This GIS 
coverage overlaid the entire landscape with 100‐meter grid cells, with each cell assigned to a 
specific vegetation, ownership, elevation, and slope class. 


2.6.1.  Initial Vegetation Inventory 
The starting point for vegetation modeling was the vegetation inventory, which described the 
existing condition of the vegetation across the Beta landscape in 2006.  Over time, this inventory 
was modified by modeled growth, treatments, and wildland fire. The initial (2006) vegetation 
inventory consisted of two components: (1) a vegetation map and (2) Forest Inventory Analysis 
(FIA) plot data (which describe numbers of trees by species and size class) linked to the 
vegetation polygons delineated on the vegetation map.  


The Forest Service periodically collects vegetation inventory data (known as Forest Inventory 
Analysis (FIA) data) for national forest lands as well as non‐national forest lands. FIA data are 
gathered over a series of plots located across lands within the Beta landscape. The FIA plot data 
consist of (a) site reference information (plot location, inventory date, slope, aspect, elevation) 
and (b) the characteristics of each tree sampled (species, size, canopy position, and so forth, 
collectively referred to as the tree list for each sample plot).  The Forest Service Pacific 
Southwest Region’s Remote Sensing Laboratory provided the FIA data for the Beta landscape. 


The vegetation domain team linked the FIA plot data to the vegetation map to provide for 
statistically valid estimates of vegetation change. Vegetation strata labels served as the bridge 
between the mapped vegetation polygons and the FIA plot data. A strata label can be thought 
of as each mapped vegetation polygon’s address: the strata label is based on the polygon’s 
vegetation type, tree size, and canopy cover in 2006. Each FIA plot was assigned to a specific 
vegetation stratum, thereby making it possible to aggregate the tree lists from all the plots 
assigned to that vegetation stratum. Hence, the vegetation inventory for a particular stratum 
was represented by an aggregated tree list, which was comprised of the individual tree lists 
from each of its plots added together. Embedded within each mapped vegetation polygon was a 
set of 100 square meter grid cells. Every grid cell with that stratum label address started 
through the vegetation modeling with the same aggregated tree list. Over time, treatment, 
wildland fire, and growth changed each cell’s tree list, depending on the prescription sequence 
assigned to it. 
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2.6.2. Modeling the Effects of Forest Treatments on Vegetation 
As previously described, management prescriptions were comprised of a series of discrete 
treatment activities applied over the 40‐year beta‐test timeframe to a specific grid cell. Hence, 
each grid cell had a prescription sequence consisting of a series of treatment activities assigned 
by time period. The strata label served as each grid cell’s address while the prescription 
sequence described the treatment activities that occurred at that address over time (for example, 
thinning followed‐up by underburning in the first decade, no treatment in the second decade, a 
second thinning in the third decade, and no treatment in the fourth decade).  


Sawlog and Biomass Material Removed. For each treatment activity, the vegetation dynamics 
domain team developed specifications for removing trees from the tree lists. (As previously 
described, the tree lists were linked to the strata labels (addresses) assigned to each grid cell.)  
These specifications determined the quantities of sawlogs and biomass material removed from 
the treated stands. 


Residual Stand Conditions following Treatments. The specifications for removing trees from 
the tree lists had a direct impact on residual stand conditions.  For example, specifications for 
pre‐commercial thinning were to remove trees from the tree list such that approximately 225 
trees per acre were retained following treatment. The specifications also included favoring 
retention of commercial conifer species, in other words, targeting non‐commercial conifers and 
other tree species for removal from the tree list. The specifications developed for the Beta test 
are but a small sample of the possible specifications that could be developed in further scenario 
testing: the B2E Model was designed to accommodate any possible specifications for removing 
trees from the tree lists (as well as adding seedlings).  


2.6.3. Modeling the Effects of Wildland Fires on Vegetation 
The fire domain team modeled wildfire behavior and resulting severity as described in the next 
section. The vegetation domain team then used the fire severity data for each decade to 
determine the numbers of trees killed and the amount of biomass consumed by fire. The 
vegetation team used the First Order Fire Effects Model (FOFEM) (Reinhardt and Keane 2003) 
to estimate tree mortality (in other words, which trees to remove from the tree lists) based on 
flame lengths associated with different fire severity classes (described in the fire behavior 
section below). FOFEM predicts fire‐caused tree mortality using bark thickness (based on tree 
species and diameter) and crown volume scorched (based on scorch height, tree height, and 
canopy base height).  


In addition to estimating trees killed and trees consumed by wildfire, the vegetation team also 
used the wildfire severity data (combined with ownership classification and management 
regime) to adjust the prescription sequence for treatment areas that burned in wildfire during 
any of the four time periods.  For example, a cell with an initial prescription sequence of 
thinnings applied in the first and third decades that intersected with a lethal fire in the third 
decade would have the following prescription sequence assigned: (1) thinning followed‐up by 
underburning in the first decade, (2) no treatment in the second decade, (3) a lethal fire followed 
by salvage and tree planting in the third decade, and (4) pre‐commercial thinning in the fourth 
decade).  
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2.6.4. Modeling Vegetation Growth 
Vegetation growth was modeled on all grid cells in each decade. To account for growth, the 
vegetation domain team used the Forest Vegetation Simulator (FVS) Model (Stage 1973), a 
computer program used to project the development of forest stands. FVS is an individual‐tree, 
distance‐independent growth and yield model. It has its structural roots in the Stand Prognosis 
Model developed by Albert Stage from the Intermountain Research Station. Staff at the Forest 
Service’s Forest Management Service Center in Fort Collins have calibrated many variants of 
the model to specific geographic areas throughout the United States. For the Beta landscape, 
growth equations were derived directly from the Inland California Southern Cascades 
(ICASCA) variant of FVS.  


In any given decade, it was possible for a single grid cell to be assigned a treatment, wildfire 
disturbance (with effects on the vegetation), and subsequent salvage harvest.  In these instances, 
the following sequence of activities (and effects on the vegetation inventory) was tracked in 
order: treatment, wildfire, and salvage, all of which were assumed to occur in the first year of 
the decade. Vegetation growth for the grid cell was then modeled for the remainder of the 
decade. 


2.7. Wildfire Behavior and Severity 
This section briefly describes how the team modeled the interaction between wildfire and 
vegetation under treated and untreated conditions.  While Table 2 above separates these steps 
to clarify the overall project’s sequencing of processes, in fact the vegetation dynamics and 
wildfire behavior domains interacted iteratively to produce the final results for vegetation 
change for the 40‐year span of the study.   


Wildfire modeling is a complex process, and models are difficult to calibrate.  When scientists 
model wildfire, they are usually modeling what is called fire line intensity.  That is, rather than 
modeling the behavior of an entire fire, with all its complex dynamics and internal weather 
patterns, most fire models attempt to mimic the behavior of flames at the perimeter of the fire as 
it moves through vegetation.  Two major forms of data are used to model fire line intensity:  
vegetation and weather.  The vegetation data tells the model about the structure and condition 
of fuels that are being burned.  The weather data fundamentally tells the model about the 
amount of oxygen available by applying models of wind behavior and moisture in the air.  
Between these two factors, scientists are able to predict how high the flames will get (flame 
length); whether the flames will reach into the crowns of the trees (active or passive crowning), 
thereby increasing the speed at which the fire will spread; and the number of trees of a 
particular size that will be killed by the fire (fire severity).   


Locating the places where modeled wildland fires would start (ignition points) presented the 
team with a fundamental challenge.  Since the team determined that the B2E modeling effort 
would be spatially explicit where possible, the locations of wildfire ignition points had to be 
specified.  The fire domain team ran a randomized ignition experiment across the entire 
landscape, using risk ratings for ignitions and fuel hazard ratings for vegetation fuel conditions 
(Figure 2).   
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Figure 2. Randomized ignition locations to locate most logical representative ignition points on 
the B2E Beta landscape. 
The randomized ignition map was compared with maps of historical ignition locations from 60 
years of fire history.  This mapping exercise allowed the team to select discrete ignition points at 
locations across the Beta landscape, recognizing that demographics, human activities, and 
climatic conditions would vary with time (Figure 3).  
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Figure 3. B2E Beta landscape fire history and ignition placement by modeled decade 
After the representative ignition points were selected, the wildfire modeling team used the 
vegetation GIS layers provided by the vegetation dynamics domain team for each decade 
within the Reference Case and Test Scenario, as inputs to the wildfire model.  The wildfire 
modeling team then tested for change in wildfire severity and the number of acres burned 
through each decade for the Reference Case and Test Scenario.  Modeling outputs included the 
number of acres burned in three classes of fire severity (lethal, mixed‐lethal, and non‐lethal fire 
effects).  


Fire behavior was summarized into three classes of severity to distinguish and report changes 
in wildfire effects across the Beta landscape (Figure 4).  Burned areas were classified based on 
spatially explicit FlamMap Model (Finney, Britten et al. 2006) results of fireline intensity and the 
crowning behavior of the fires. The severity of wildfire burned on each 100 meter2 grid cell was 
assigned to one of three classes (non‐lethal, mixed lethal, or lethal effects) depending on its 
flame length and fire type (ground fire, passive crowning fire, or active crowning fire).  


28 







 


Fire severity was used to determine the numbers of trees killed and the amount of biomass 
consumed by fire, and these effects were tracked in the vegetation assessment domain. 
Simulations were performed on a 10‐year temporal sequence for 40 years with a series of fires 
taking place immediately at the beginning of each decade in each management scenario. Note 
that if a particular grid cell was treated and burned in the same decade, the treatment effects on 
vegetation were assumed prior to wildfire being modeled on that grid cell. Both treatment and 
fire (and, in specific instances, salvage) were assumed to occur in the first year of the decade 
with growth of the modified vegetation modeled for the remaining years of the decade.  


 
Figure 4. Classes of fire severity used in B2E fire modeling: (N) = non-lethal, (X) = mixed lethal, (L) 
= lethal 
The interaction of vegetation and fire is a critical component of any landscape level analysis.  In 
the B2E Project, these two domains constituted the core from which all further modeling 
domains operated.  Once the spatial and temporal scope had been selected and the interaction 
of vegetation, treatments and wildfire had been modeled, the team was ready to investigate 
secondary or “downstream” activities.  The following sections contribute to analysis of the 
impacts and effects that follow from the interactions of vegetation and wildfire on a landscape 
level.  


2.8. Fire Emissions Model 
After modeling interactions of vegetation and fire on the landscape, the fire emissions domain 
team was able to characterize emissions from three types of fire:  wildfire, underburning, and 
pile burning.  Wildfire burning has been described in detail above.  The other two classes of fire 
are built into the treatment prescriptions analyzed by the vegetation domain team.  Under most 
prescriptions, biomass that is too costly to collect and process is generally piled and burned at 
the treatment site.  Useable biomass was assumed to be removed to the power plant.  The 
vegetation domain report describes each prescription in detail while the equipment 
configuration domain report describes equipment used to pile slash and burn the piles.   


Underburning, the final of the three classes of fire modeled, is used as a treatment follow‐up 
procedure, and was included in the “package” for each treatment prescription, where 
appropriate.  Typically follow‐up underburning is conducted within the first one to three years 
after a treatment is implemented.  Since the B2E model has compressed all treatments and fire 
events to the beginning of each decade for computational efficiency, underburning was 
assumed to be part of the treatment.   
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The starting point for calculating fire emissions was determining the amount of woody material 
the fire (either wildfire or prescribed fire) consumed.  Once the amount of material consumed 
by fire was determined, the corresponding emissions were calculated using vetted relationships 
between types of forest fuels combustion and corresponding emissions, typically referred to as 
emission factors. 


2.8.1. Fuel Consumption 
Wildfire. The vegetation domain team supplied data on amounts of vegetation consumed by 
wildfire in each decade, based on the CONSUME Model (Ottmar et al. 2001). The CONSUME 
Model calculates the amount of woody material (in the form of duff, litter, twigs, and foliage) 
that would be consumed during a low intensity fire (approximating the level of consumption 
expected in a prescribed underburn).  Hence, several adjustments were needed to account for 
(1) the range of possible wildfire severities, from non‐lethal to lethal fires and (2) the full range 
of vegetation types (including tree stems as well as brush and grass) that could be consumed by 
modeled wildfires in the Beta landscape. 


CONSUME Model vegetation consumption data supplied by the vegetation dynamics domain 
team was used for all areas affected by modeled non‐lethal wildfire.  To account for 
consumption during mixed lethal and lethal fire events, consumption multiplier factors (Table 
6) were applied to the vegetation domain consumption data, based on consumption efficiencies 
measured from actual crown fires in similar forest types (Environment Canada 2007, Taylor and 
Sherman 1996). 


Table 6. CONSUME Multiplier Factors (MFs) for non-lethal, mixed lethal, and lethal fires. 


 
Fire Severity 


 
Non‐Lethal  Mixed Lethal  Lethal 


Multiplier Factor (MF)   1  1.8285  2.657 


 


The vegetation domain data do not include inventory or consumption values for the grass 
vegetation type (strata code UGR) or the brush/shrub vegetation type (strata code ZBR) because 
there are no growth models for these vegetation types in the Forest Vegetation Simulator (FVS).  
In addition, the vegetation domain’s consumption data do not include consumption values for 
the boles of the trees. The fire emissions domain team applied the following assumptions to first 
calculate the inventory of grass and shrub types (in bone dry tons, BDTs) (Table 7) and then to 
calculate wildfire consumption of tree stems and fire events in the grass and brush vegetation 
types (Table 8). 
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Table 7. Inventory assumptions for the brush and grass vegetation types 


Strata Label  Vegetation Type  Amount of Vegetation (BDT/Acre) 


UGR  Grass  4 


ZBR  Brush/Shrub  12 


 


Table 8. Combustion efficiencies (combustion factors, CF) for various vegetative components by 
fire severity class 


 
Fire Severity 


 
Non‐lethal  Mixed Lethal  Lethal 


Tree Stems  0.02  0.02  0.02 


Brush  0.3  0.6  1 


Grass  1  1  1 


 


Piling and Burning, Underburning.  As previously described, smaller woody material that is 
left on site following tree removal operations is treated either through piling and burning the 
material (typically on flat terrain or gentle slopes where mechanized equipment can be used to 
pile the material) or underburning.  The vegetation domain supplied information on the 
quantities of this material that would be consumed in prescribed fire treatments as follows: 
small woody material between 0 and 3 inches diameter (reported in cubic feet, converted into 
BDTs); tops and limbs of all trees removed (BDTs); and brush (BDTs) remaining in treated 
stands.   


2.8.2. Calculating Fire Emissions 
Once the quantities of material consumed by fire were determined, the emissions associated 
with the amount of material burned under specified burning conditions were calculated using 
emission factors. Emission factors (EF) are defined as “the mass of pollutant produced per mass 
of fuel consumed” (Ottmar 2001).  EFs for each of the three fire severities (non‐lethal, mixed 
lethal, and lethal) were provided by the Western Regional Air Partnership (WRAP) Program’s 
Fire Emissions Joint Forum (FEJF) and the Inter‐RPO National Wildfire Emission Inventory 
Project (Air Sciences Inc. 2005; WRAP‐FEJF 2006; Randall 2006; Adelman 2004; EPA 2002). The 
EFs are the result of collaborative research between WRAP and the FEJF, and rely on a point 
source approach to represent wildland fires, their combustion and emissions within typical 
western forest types.   


Determining the appropriate EF for a particular type of burn first required identification of each 
burned grid cell’s applicable NFDRS (National Fire Danger Rating System) Fuel Model.  NFDRS 
Fuel Models are typically linked to vegetation strata labels. Since the strata labels in the B2E 
vegetation modeling process served as each grid cell’s “permanent address,” they did not 
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change from one time period to another. Hence, the emissions domain team used an alternative 
approach to accommodate changes in the vegetation over time (i.e. succession and growth 
between time periods).  The team constructed a crosswalk based upon expert opinion of both 
systems (Table 9). This crosswalk links emission factors developed for the NFDRS fuel models 
(applicable to California vegetation types) to California Wildlife Habitat Relationships (CWHR) 
types across the Beta landscape. Hence, each CWHR type was linked to a specific NFDRS Fuel 
Model8, as shown in Table 9 below.  


The first step in developing the crosswalk was to disregard NFDRS fuel models not applicable 
to California vegetation communities. For example, Fuel Model N was eliminated from 
consideration because it was constructed specifically for the sawgrass prairies of south Florida. 
Then the expert reviewed the text accounts and available habitat stages for each CWHR habitat 
type (California Department of Fish and Game 2002). For each possible CWHR habitat and 
habitat stage, the NFDRS fuel model that most closely portrayed the typical fuels conditions 
present in the given habitat and stage was identified.  This determination was made through 
information presented in the CWHR habitat text accounts, and expert knowledge of the various 
habitats.  In some cases, assigning a fuel model code to a given CWHR habitat and stage was 
difficult due to the relatively few number of models, and the inability of any model to 
accurately describe the vegetative conditions present in the given habitat and stage.  In these 
cases, expert knowledge was used to select the fuel model that most closely approximated the 
fuel conditions (rather than vegetative conditions) that would be present within the habitat type 
and stage.  


                                                 
8 http://www.fs.fed.us/fire/planning/nist/nfdr.htm 
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Table 9. Example Crosswalk between NFRDS Codes and CWHR Types (partial table) 


NFDRS Fuel 
Model4  Vegetation Type 


CWHR 
Vegetation 
Type 


CWHR 
Tree Size 
and 
Canopy 
Cover 


 


CWHR Tree Size and Canopy 
Cover 


L  Ponderosa Pine  P  1S  Seedling, sparse cover 


F  Ponderosa pine  P  2D  Sapling, dense cover 


L  Ponderosa pine  P  2M  Sapling, moderate cover 


L  Ponderosa pine  P  2P  Sapling, open cover 


L  Ponderosa pine  P  2S  Sapling, sparse cover 


U  Ponderosa pine  P  3D  Pole‐sized tree, dense cover 


C  Ponderosa pine  P  3M  Pole‐sized tree, moderate cover 


F  Ponderosa pine  P  3P  Pole‐sized tree, open cover 


U  Ponderosa pine  P  4D  Small tree, dense cover 


C  Ponderosa pine  P  4M  Small tree, moderate cover 


C  Ponderosa pine  P  4P  Small tree, open cover 


C  Ponderosa pine  P  4S  Small tree, sparse cover 


U  Ponderosa pine  P  5D  Med./large tree, dense cover 


C  Ponderosa pine  P  5M  Med./large tree, moderate cover 


C  Ponderosa pine  P  5P  Med./large tree, open cover 


C  Ponderosa pine  P  5S  Med./large tree, sparse cover 


U  Ponderosa pine  P  6  Multilayered canopy, dense cover 


 


Using the NFDRS Code (crosswalked from CWHR type) and the moisture condition for lethal, 
mixed lethal, or non‐lethal fire, the WRAP Emissions Factor Table (Table 10) provided the 
applicable emissions factors. For all wildfires, a moisture condition of dry was assumed. For 
underburning a moisture condition of moist was assumed and for pile burning, wet conditions 
were assumed.  
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Table 10. Example WRAP Emission Factors (abbreviated and partial table) 


NFDRS 
Code 


Moisture 
Condition (MC) 


NFDRS 
Code, 
MC 


Fire 
Severity 


PM 2.5 EF (lbs. 
emitted per ton of 
material consumed) 


PM 10 EF (lbs. 
emitted per ton of 
material consumed) 


U  2 ‐ Dry  U2  lethal  24.5594  28.98 


U  4 ‐ Moist  U4 
non‐
lethal  28.6554  33.8133 


U  5 ‐ Wet  U5 
non‐
lethal  27.9954  33.0345 


 


For each fire, the tons of emissions for each pollutant (TP) were calculated using the following 
formula: 


( ) 2000* ÷= effireP PBDTT  


Where: 


PT = Tons of Pollutant 


BDT fire = Bone‐Dry Tons of biomass consumed by fire 


Pef= emission factor (ef) expressed as pounds of pollutant produced per ton consumed by fire 


 


2.9. Forest Operations and Equipment Configuration 
From a modeling perspective, forest management treatments are deterministic events.  The 
activities associated with management of vegetation constitute a realm of actions that, 
collectively, have energy use, emissions, and costs and revenues that can be quantified.  In order 
to quantify these elements, assumptions must be made about the nature of management 
activities, including the prescriptions applied and the machinery used, that result in movement 
of products and co‐products from the forest to the processing facility (power plant or sawmill). 


The equipment configuration team identified the combinations of equipment that would be 
representative of an “average” forest treatment operation.  Equipment configuration modeling 
was a collaborative effort, involving members of the team, representatives from the logging 
industry, forestry academics, and biomass power plant fuel procurement officers.  Several 
iterations of the equipment configuration model were developed, beginning with the Alpha 
model phase and based on actual field data and experience from the Westwood, California, area 
and the Mt. Lassen Power biomass plant.  The types of equipment used, and how it would be 
deployed on a given site to implement treatment prescriptions, provided the basis for the next 
step in the B2E modeling sequence, the life cycle assessment.   
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The equipment configuration domain team’s approach used the expert opinion of harvesting 
contractors and supervisors currently conducting forest management activities in Northern 
California.  Experts were interviewed regarding specific types and quantities of equipment for 
each harvest treatment prescription and range of slope conditions.  Different equipment 
configurations were developed that were representative of the kinds of side9 that would be 
deployed for each modeling condition.  Table 11 provides a summary of slope class, treatment 
prescription, and equipment configuration code. 


                                                 
9.  Side is a common term used by harvest contractors to denote a separate and distinct blend of harvest 
equipment conducting harvest activities as a separate operation. For example, a large thinning operation 
(several hundred acres in different locations) on national forest land might use two or three sides 
deployed separately in order to complete the work within the 120 day operating season.  Each side is a 
complete set of all equipment needed to complete harvest, collection, processing and transportation 
operations. 
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Table 11 ‐ Equipment configuration code by slope class and treatment prescription 


TREATMENT PRESCRIPTION 
PER OWNERSHIP TYPE SLOPE CLASS 


EQUIPMENT CONFIGURATION 
CODE 


Clearcut (CC) - Even-aged management. Only occurs on industrial forest lands. 


IPF Less than 35% CC <35 


IPF 35 to 50% CC 35-50 


Pre-Commercial Thinning (PCT) - No sawlogs removed.  Only biomass fuel removed. Typically in 
plantations. 


IPF Less than 35% PCT <35 


IPF 35 to 50% PCT 35-50 


Commercial Thinning (CT) - Sawlogs and biomass fuel removed.  Typically in plantations. 


IPF Less than 35% CT <35 


IPF 35 to 50% CT 35-50 


Salvage (SAL) - Assumes that no biomass fuel (3.0 to 9.9 inches diameter at breast height (dbh) or 
limbs/tops) is recovered. 


IPF Less than 35% SAL <35 


PMU 35 to 50% SAL <35 Public 


IPF Less than 35% SAL 35-50 


PMU 35 to 50% SAL 35-50 Public 


Select Harvest (SH) - Uneven-aged management harvest removing high-risk trees in mature 
stands. 


IPF/PMU Less than 35% SH <35 


IPF/PMU 35 to 50% SH 35-50 


IPF/PMU Greater than 50% SH 50+ 


Restrictive Thinning (RT) - A light thin, but retain 40% canopy.  Public lands only. 


PMU Less than 35% RT <35 Public 


PMU 35 to 50% RT 35-50 Public 


 


The blend of equipment is labeled with the equipment configuration code as shown in Table 11, 
based on slope class (topography) and treatment prescription.  The equipment configuration 
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team’s analysis also synthesized estimates provided by interviewed experts of average 
production rates for each side.  This approach contrasts with those that use empirical or 
mechanistic models to calculate production rates as a function of site and stand conditions (such 
as average tree size and skidding distance).  The Project’s equipment configuration model can 
easily generate estimates for an almost unlimited number of scenarios.  The B2E approach is 
considered more realistic and provides more precise values for overall costs and production 
rates because of the level of detail included.  However, this approach suggests that further 
model development must take into account the need to review equipment configurations that 
comport with regional and local forestry practices.  


For each type of equipment, the equipment configuration team selected one or more 
representative models used in California or currently available equivalents.  The team then 
collected data on purchase prices, fuel consumption rates, and other parameters.  The team’s 
equipment choices do not indicate recommendations or preferences for any particular models.  
It was not practical, nor did the team consider it necessary, to include the full range of 
equipment model options in the analysis. 


Equipment used for prescribed burning was not included in this analysis.  Prescribed burning 
equipment configurations would be more appropriately modeled in another iteration of the B2E 
Model, as they tend to be more similar to the fire suppression equipment configuration.  Fire 
suppression was not modeled as part of the LCA because of the highly diverse configurations of 
equipment deployed during fire suppression operations on any given fire.   


With the equipment configuration analysis completed, the team was able to proceed to build 
the LCA model.  The LCA required detailed analysis of at least two major categories of 
activities:  in‐forest (described here) and power plant operations (described in the next section).  
In‐forest operations included all operational steps from harvest to delivery of biomass to the 
power plant.  The modeling did not include any of the resources or impacts associated with 
scoping, planning or monitoring of in‐forest operations.  As with fire suppression, these 
equipment configurations tend to be highly variable for any given operation, and it was 
deemed impractical by the team to include even a highly‐abstracted version of planning and 
administrative infrastructure.   


To summarize clearly the areas of forest management that are not included in the LCA, but 
which may have measurable impacts on emissions and forest operations: 


1.  Equipment configurations appropriate to prescribed fire operations (producing the emissions 
that are generated by underburning, as is seen in the LCA model); 


2.  Equipment configurations and impacts associated with fire suppression activities;   


3.  Administrative operations, such as planning, monitoring or research and analysis. 


Given the high degree of variability associated with each of these activities, it would not have 
been realistic to attempt to build representative operational models for them. 
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2.10. Biomass Energy Conversion Technology Characterization 
As mentioned above, two areas of operation affect total system emissions and energy 
consumption.  The first is in‐forest operations, captured by the equipment configuration 
domain, and the second the types of technologies used to convert biomass to energy.  At the 
outset of this research study, the scope of modeling was restricted to electricity production.  
However, as the research project progressed, it became clear that other forms of energy 
production would become important to planners and decision makers.  The research team 
therefore developed the conversion facility modules as independent modeling components.  
This allows future iterations of B2E Model development to include other bioenergy conversion 
systems, such as thermochemical conversion to ethanol or hydrogen.   


In fact, the full analysis undertaken by the LCA team included engineering studies of five 
existing or emerging biomass conversion technologies.  The results of this analysis have been 
published in a separate publication (Nechodom et al. 2008), and include very early results from 
next‐generation thermochemical conversion technology that produces both electricity and 
ethanol.  For the purposes of this study, the LCA team included three of the technologies 
specific to electricity generation, per the scope of the original Energy Commission contract.  The 
comparison of three biomass‐to‐electricity technologies allowed the LCA team to compare 
differences in electricity production, energy use, and emissions impacts associated with 
different conversion technologies. 


Data for three types of biomass power plants (a current generation combustion plant, a current 
generation integrated gasification/ combustion plant, and a next generation thermochemical 
conversion plant) were provided by the LCA team.  Nameplate and net capacity, efficiencies, 
and stack emissions are presented in Table 12 below, as described in Nechodom et al. (2008).  
The emissions are supplemented to include CH4 and N2O emissions as described by the U.S. 
EPA (2003).  The use of supporting equipment (a dozer, two loaders, a bobcat, a tub grinder, 
and a natural gas emergency generator) and ancillary grid electricity use were also included.  
Although the fuel use and emissions of the supporting equipment were deteriorated over time, 
based on the U.S. EPA’s NONROAD2004 Model, the stack emissions and efficiency were held 
constant throughout the plant life cycle.  Data were not found to support a time‐scaled 
deterioration rate for the three technologies reviewed. 


The LCA Report (Appendix 4) includes the inventory data used for the biomass power plants. 
These data take into account the proportions of each major species provided by the forest 
feedstocks and their relative heating values.  Since power plant efficiency is a function of Btus 
per MWh, it is important to note the significant range of heating values per ton among tree 
species.  For example, ponderosa pine contains a total of 17.2 mmBtus per bone dry ton.  In 
contrast, hardwoods have 16.7 mmBtus per bone dry ton.  These differences matter, particularly 
at larger scales of fuel use where biomass plant managers make daily and hourly decisions 
about fuel blends in order to optimize among Btus per ton and moisture content of fuels in the 
fuel yard.  Nearly all biomass power plants seek out a diversified portfolio of wood fuels, and 
then blend what goes into the power plant on an hourly basis in order to achieve optimal 
balances between heating values, moisture content, specific fuels behaviors, and so forth.   
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For this study, analyzing the heating value by species allows estimation of the net electricity 
generated and delivered to the grid adjustments for each power plant’s efficiency.   


Table 12. B2E Project power plant characterization 


 


Current 
Generation 
Biomass 


Combustion 
Power Plant 


Current 
Generation 
Integrated 


Gasification/ 
Combustion 
Power Plant 


Next Generation 
Thermochemical 


Conversion Power 
Plant 


Plant Size (dry tons per day) 500 500 500


Electricity (kWh/dry ton) 1,000 1,200 1,400
Net Energy Efficiency 20% 22% 28% 


Plant Emissions (lbs./mmBtu output) 
NOX          0.329          0.067           0.008 
SOX          0.125          0.010           0.002 
PM          0.269          0.030           0.032 
CO          0.897          0.070           0.042 


VOC          0.085          0.018           0.003 
CO2      972.000      886.000       694.000 
CH4          0.329          0.067           0.008 
N2O          0.125          0.010           0.002 


 


2.11. Life Cycle Assessment 
The environmental life cycle assessment (LCA) was a core element of the B2E study.  The LCA 
tracked energy use, air emissions, and environmental impacts (in terms of climate change, 
acidification, and smog formation) associated with removing forest biomass to generate 
electricity.  However, this approach accounted only for the energy use, emissions, and impacts 
associated with producing a megawatt‐hour of electricity.  The team was also interested to see if 
an LCA could provide a way to quantify energy use, emissions, and impacts associated with 
producing a healthy, resilient forest landscape.  


The team spent considerable time and effort attempting to develop a landscape system LCA, at 
the same time realizing the inherent risk in this strategy.  Defining the end‐product of 
“electricity to grid” is fairly straightforward, and LCAs are clearly designed to deal with these 
types of engineered systems, where flows of materials can be tracked and controlled. Clearly 
defining and quantifying the end‐product of a “healthy and sustainable forest” however is 
fraught with difficulty.  Ideally, the end‐product of a “healthy and sustainable forest” could be 
measured in acres that have reached a quantifiable state of “health” (which may be defined 
differently, based on the management objectives of different landowners) without substantially 
diminished capacity to maintain qualitatively measured multiple “ecological benefits.”  
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Differing forest management objectives on different ownerships added complexity, particularly 
since some objectives operate at the stand scale (for example, sawlog production on private 
lands, which allows a per acre accounting) while others operate at much larger scales (for 
example, landscape‐scale fire behavior modification on national forest lands, which a simple 
per‐acre accounting will not capture).  The multitude of management objectives and desired 
outcomes at a variety of spatial scales made it difficult to develop a specific, single metric that 
could be used to indicate that the Beta landscape had “arrived” at a “healthy” condition. 
Extensive work on this problem yielded the following approach: the LCA could track the 
energy, emissions, and environmental impacts associated with a 2.7 million‐acre landscape of 
differing management outcomes, as measured by extent and severity of wildfire.. 


The LCA tracked energy use, emissions, and environmental impacts associated with harvesting, 
chipping, and transporting woody biomass and converting it into electricity.  The LCA’s 
environmental impacts were assessed using the outputs of the following B2E Project sub‐
models: (1) landscape characterization and scenario design, (2) characterization of forest 
operations and equipment configurations, (3) vegetation dynamics assessment, (4) fire behavior 
assessment, and (5) power plant analysis. As depicted previously in Figure 2, the outputs from 
these five sub‐models fed data into the LCA.  Development of the LCA portion of the B2E study 
focused the research team on the structural framework of the LCA itself, as well as on the 
interconnections between the LCA and the sub‐models that provided its inputs.  


The LCA estimated the life cycle impacts of harvest, biomass chip transport, and electricity 
generation.  The life cycle begins at resource acquisition (in other words, at the well for mobile 
fuels and grid electricity generation and in the forest for biomass electricity generation) and 
extends through fuel combustion or point‐of‐use.  Figure 5 presents the main process flows for 
the LCA. 
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Figure 5.  LCA process flows 
 


The LCA included four phases based on the protocol standardized by the International 
Standards Organization (ISO) 10 and based on the computational structure described in 
Heijungs and Suh (2002).  The four phases, briefly summarized here, are described in detail in 
the LCA Report for the B2E Project (Appendix 4). The first phase, goal and scope definition, 
described the reasons for carrying out the study, the intended audience, geographic and 
temporal considerations, system functions and boundaries, impact assessment and 
interpretation methods11.  Next, the inventory assessment quantified life cycle energy use (total, 
fossil, and petroleum) and eight air emissions (carbon dioxide (CO2), carbon monoxide (CO), 
methane (CH4) nitrous oxide (N2O), nitrogen oxides (NOx), non‐methane volatile organic 
compounds (NMVOCs), particulate matter less than 10 microns in diameter (PM10), and sulfur 
oxides (SOx)) for acquisition and processing of residual biomass (harvest and chipping 


                                                 
10 ISO 14040:2006 and ISO 14044:2006 replace the previous standards (ISO 14040:1997, ISO 14041:1999, 
ISO 14042:2000 and ISO 14043:2000). The new editions have been updated since the development of the 
goal and scope (Heijungs and Suh 2002) to improve the readability, while leaving the requirements and 
technical content unaffected, except for errors and inconsistencies (from 
http://elsmar.com/Forums/showthread.php?t=17459)  


11 An extensive  literature  review of  forest product LCAs  formed  the basis  for  the development of  the 
project’s goal and scope definition document (Cooper et al. 2006).   
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operations within the forest); transport of chips to a biomass power plant; and conversion of 
chips into electricity. Third, the impact assessment estimated air emissions contributing to global 
climate change (from CO2, N2O, and CH4) and acidification (from SOx and NOx), and 
photochemical smog (from CH4, NOx, CO, and NMVOCs). The final phase, the interpretation 
step, formulated the results in different ways, including an evaluation of alternative biomass 
electricity generation technologies.   


Model interconnection was tested through the development of an LCA that compared the 
Reference Case (no treatment in the Beta landscape) with a Test Scenario that included a variety 
of vegetation and fuels treatments in the Beta landscape, designed to meet objectives 
emphasizing production of wood products on private lands and strategic fuels treatments to 
enhance suppression capabilities and modify landscape fire behavior on national forest lands.  
The LCA results in Section 3.0 are presented in net form, depending on the selected 
production function, allowing comparisons between systems that have different levels of 
sawlog production and electricity generation.  The Test Scenario allows us to present different 
views of energy use, outputs and impacts by placing the focus on which part of the system the 
user may care about.  For example, if one is mostly interested in the use, outputs and impacts 
associated with the biomass fuel chip production only, the net analysis allows a full assessment 
based on that primary interest.  Examples of how this works are presented below.   


2.11.1. Goal and Scope of LCA 
In keeping with international standards for life cycle assessment, a complete discussion of the 
goal and scope of the B2E Project LCA is provided in the LCA Report (Appendix 4). The goal of 
the LCA was to analyze utilization of forest biomass to generate electricity.  The scope of the 
LCA was based on selected decision categories as defined by the B2E Project’s Technical 
Advisory Committee in June 2005. Table 13 below displays the decision categories and 
associated impact categories investigated in the LCA for the B2E Project.   
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Table 13. B2E Project LCA decision and impact categories 


Decision 
Category 


Impact Category Impact Category Description 


Infrastructure 
and Human 
Use Impacts 


Total energy  
consumption* 


Sum of the total energy consumption for the life cycle (as 
mmBtu***) 


Fossil energy 
consumption* 


Sum of the fossil energy consumption for the life cycle (as 
mmBtu) 


Petroleum energy 
consumption* 


Sum of the petroleum energy consumption for the life cycle (as 
mmBtu) 


Air 
Resources 


Impacts 


Contribution to 
climate change** 


Total carbon dioxide equivalents from life cycle air emissions of 
CO2, N2O, & CH4  (as tons CO2 equiv) 


Contribution to 
acidification** 


Total hydrogen ion equivalents from life cycle air emissions of 
SOx & NOx  (as tons H+ equiv) 


Contribution to 
photochemical 


smog** 


Total nitrogen oxides equivalents from life cycle air emissions of 
CH4, NOx, CO, & NMVOCs  (as tons NOX equiv) 


PM10 emissions* Sum of particulate matter emissions (as tons PM10) 
* The contribution of the inventory flows was measured by the amount of the inventory flows  


** The contribution of the inventory flows was measured using impact equivalency factors 


*** mmBtu is  1 million Btu 


The LCA evaluated the Reference Case as well as a Test Scenario. Table 14 summarizes the 
assumptions regarding treatments for the Reference Case and the Test Scenario.  The total 
biomass loading on the landscape ranged from approximately 4 bone dry tons per acre 
(BDTs/acre) for grasslands to 60 to 80 BDTs/acre for fully stocked forested areas.  Treatments 
were assumed to occur over a 120‐day period each year (during the summer months) on both 
private and public lands.  Biomass removed from the landscape not destined for use as sawlogs 
was assumed to be chipped in the forest and used to generate electricity.  


Table 14. Landscape treatment scenarios 


Reference Case – No 
Treatment 


No treatment is performed on public or private lands.   


Test Scenario - Treatment of 
Private and Public Multiple Use 


(PMU) forest lands  


Treatments on private forest lands are designed to meet objectives for 
producing wood products. On industrial private forest (IPF) lands, 
treatments include regeneration harvest (clearcutting), precommercial 
thinning, commercial thinning, and underburning. Treatments on non-
industrial private forest (NIPF) lands include selective harvesting.  
Treatments on public multiple use (PMU) lands are aimed at 
strategically managing fuels and include thinning to create defensible 
fuels profile zones (DFPZs) as well as strategically placed area 
treatments (SPLATs). An average of 20 BDT/acre of forest biomass 
was assumed to be removed after saw timber was harvested. 
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2.11.2. Gross vs. Net Inventory and Assessment 
The Approach and Results sections for the LCA rely heavily on an understanding of the 
difference between the “gross inventory assessment” and the “net LCA assessment.”  In the 
gross assessment, life cycle energy use and emissions for wildfires and all treatment processes 
are included, with only the Test Scenario producing sawlogs and electricity.  The net assessment 
gives the Test Scenario “credit” (i.e., a subtraction of mass or energy) for producing sawlogs 
and electricity, so that the Reference Case, the Test Scenario, and conventional electricity 
generation can be compared. 


A gross inventory assessment was undertaken to estimate the life cycle energy use and 
emissions for the Reference Case and the Test Scenario, representing the management regime as 
it would occur, including using a current‐generation biomass combustion power plant, 
following the main process flows for the LCA depicted in Figure 5 above. The function of the 
gross LCA assessment was simply to track management of the Beta landscape over a 40‐year 
period while producing sawlogs and electricity (from the biomass chips).  Note that in the LCA, 
the term “chips” and “chipped forest biomass” are used. This includes tops, limbs, and waste 
material from the harvested trees, which are processed through a chipper to create wood chips, 
which can be converted to electricity at a power plant or used for other purposes, such as 
mulch. 


2.11.3. Forest Treatment and Chip Transport Models and Data 
The B2E Project’s vegetation dynamics modeling (described in Section 2.1.5 of this Report) 
provided data on the amount of acres treated and quantities of sawlogs and chips generated 
from the treatments.  The forest operations and equipment characterization model (described in 
Section 2.1.8) provided the data related to the type and quantities of equipment used in 
harvesting operations and to transport the harvested material to the processing facility (sawmill 
or biomass power plant). Forest treatment and chip transport included off‐road equipment use 
for biomass harvest, such as the use of feller bunchers, skidders, and chippers, on‐road 
equipment use for harvest equipment mobilization, the use of a water truck for forest road dust 
control, crew transport, and chip transport at an average distance of 30 miles from the treatment 
site.  The Test Scenario was assumed to be executed based on combinations of six harvest 
methods (clearcut, pre‐commercial thinning, commercial thinning, salvage, selective harvest, 
and restrictive thinning) for three slope ranges as displayed in Table 15.  For each prescription, 
per‐acre production rates for sawlogs and chips were determined via the forest operations and 
equipment characterization model.  
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Table 15. Treatments, equipment configuration, and production Rates 


Treatment Description Slope % 
Equipment 


Configuration


Chips (dry 
tons/ acre) 


Sawlogs 
(dry tons/ 


acre) 


Clearcut 
Even-aged management. Only 


occurs on Industrial Forest 
Lands. 


<35% CC <35 30 47 


35 to 50% CC 35-50 33 48 


Pre-
Commercial 


Thinning 


No sawlogs removed. Only 
biomass fuel removed. 
Typically in plantations. 


<35% PCT <35 5.0 0 


35 to 50% PCT 35-50 8.3 0 


Commercial 
Thinning 


Sawlogs and biomass fuel 
removed. Typically in 


plantations. 


<35% CT <35 14 7.5 


35 to 50% CT 35-50 21 6.7 


Salvage 


Assumes that no biomass fuel 
(3"-9.9" diameter at breast 
height or limbs/tops) was 
recovered (burned up in 


wildfire). 


<35% SAL <35 0 11 


35 to 50% SAL 35-50 0 13 


Select 
Harvest 


Uneven-aged management 
harvest removing individual or 


small groups of trees. 


<35% SH <35 12 16 
35 to 50% SH 35-50 13 16 


>50% 
SH 50+ (only 
on Industrial 


Forest Lands) 
14 17 


Restrictive 
Thinning 


Thinning aimed at ladder fuel 
reduction, constrained canopy 


thinning, and retaining 40% 
canopy cover. 


<35% RT <35 6.6 12 


35 to 50% RT 35-50 6.8 17 


 


Data on equipment power, life, and fuel and oil use were combined with the productive 
machine hours per dry tons of woody material leaving the forest as chips or sawlogs to estimate 
fuel and oil use. Given the fuel and oil use on a dry‐ton basis, total fuel and oil use for the Test 
Scenario was estimated based on the chips and sawlogs generated per decade (as derived from 
the vegetation dynamics assessment). 


Based on the equipment fuel use, the equipment emissions were estimated based on the U.S. 
Environmental Protection Agency’s NONROAD2004 and MOBILE6 emission inventory models 
as listed in Table 16.  For the application of these models, estimation began with zero‐hour or 
zero‐mile emissions and break‐specific fuel consumption (BSFC) and was followed by 
adjustments (where applicable) to account for transient operation, changes in emission factors 
over time, and technology distributions (for tiered regulatory compliance).  For example, 
emission factors account for changes in regulations on diesel sulfur content.  Beginning June 1, 
2007, non‐road diesel was required to have maximum of 500 ppm sulfur, and beginning June 1, 
2012, the sulfur content must be reduced to 15 ppm (US EPA 2004). 
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Table 16. Harvest and chip transport emissions models 


Off-road 
equipment 


except 
chainsaws 


NONROAD2004 emission inventory model (technology distributions, zero hour 
emissions, deterioration factors, transient adjustment factors) [12]; California 


Statewide Off-Road Fuel Correction Factors [13] 


Chainsaws NONROAD2004 emission inventory model (zero hour emissions, deterioration factors, 
transient adjustment factors) [14]; Deterioration rates [15] 


On-road 
equipment  


MOBILE6 emission inventory model (zero hour emissions, correction factors) [16, 17]; 
Native road PM emissions [18] 


 


Equipment was assumed to be dedicated to the project, to be new in the first year of the project, 
and subsequently replaced at the end of its operating life, thus returning the accounting to zero‐
hour or zero‐mile performance (for example, Figure 6 shows that a Morbark Model 30/36 
chipper is used for 8,000 hours and then replaced).  Machine hours were estimated per decade 
for the Test Scenario based on the “productive” machine hours and the amounts of sawlogs and 
chips generated per decade. In addition, average cumulative operating hours per decade were 
estimated for each piece of equipment. Although emissions were adjusted for transient 
operation and degraded until the equipment was replaced, fuel and oils use was assumed to be 
constant over the life of the equipment (to match assumptions made in the project’s economic 
analysis).  Finally, PM emissions for on‐road equipment traveling on native roads have been 
calculated and regulated adjustments in fuel sulfur levels have been considered in appropriate 
years as described in U.S.EPA (1995). The resulting “effective” emission factors are presented in 
sub‐appendix A of the LCA Report (Appendix 4).  
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Figure 6. Example of new equipment purchase dates for emissions degradation estimation 
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2.11.4. Fuel, Oils, and Electricity Production Models and Data 
The U.S. Department of Energy (DOE) Argonne National Lab’s Greenhouse Gases, Regulated 
Emissions, and Energy Use in Transportation (GREET) Model (Version 1.7) was used to 
estimate the life cycle of diesel and oils production, grid electricity, and natural gas power 
plants in California.  Since GREET Version 1.7 estimates emissions only to the year 2020, energy 
use and emissions beyond 2020 have been assumed to be at 2020 levels.  The data used are 
presented in sub‐appendix B of the LCA Domain Report, essentially representing well‐to‐point 
of use values for all fuels, oils, and electricity production processes. 


Biomass Power Plant Operation Models and Data 
The “Biomass Energy Technology Conversion Characterization” section above describes in 
detail the biomass power plant operation models and data used in the LCA. 


2.11.5. LCA Environmental Impact Assessment  
In all assessments, environmental impact was measured in two ways.  The first metrics of 
environmental impacts were based on the amount of inventory flows, such as the amount of 
energy or the mass of particulate matter emissions, which applied to four of the impact 
categories specified by the project’s Technical Advisory Committee.  The second metric used 
impact equivalency factors (i.e., scoring factors based on fate, transport, and effects models) 
from the 1996 Intergovernmental Panel on Climate Change values (IPCC 2007) or as compiled 
in the U.S. Environmental Protection Agency’s Tool for the Reduction and Assessment of 
Chemical and Other Environmental Impacts or TRACI model (US EPA 2008).  When 
equivalency factors were used, impacts were measured relative to one of the emissions 
contributing to the impact.  For example, contribution to climate change was measured in “CO2 
equivalents” such that each species of emissions was assumed to have some multiple of the 
impact of CO2 (for example, an emission of 1 kg of CH4 contributes 21 times that of an emission 
of 1 kg of CO2). Table 17 lists the equivalency factors used, consistent with the IPCC and the 
EPA standards. 


Table 17. Equivalency factors used (equivalent mass/mass emitted) 


Impacts Considered12 CH4 CO CO2 N2O 
NMV
OC 


NOx PM SOx 


Contribution to Climate Change (CO2 
equivalents)  


21 0 1 310 0 0 0 0 


Contribution to Acidification (H+ 
equivalents)  


0 0 0 0 0 40 0 50.8 


Contribution to photochemical smog 
(NOx equivalents)  


0.0030 
0.01


3 
0 0 0.78 1 0 0 


 


                                                 
12 Climate  change  equivalency  factors were  for  100‐year  time horizons and  chosen  to match  the data 
used  in the U.S. EPA’s values  in the Draft 2007 Inventory of Greenhouse Gas Emissions and Sinks (US EPA 
2007a).   Data were  from  the most  recent  version  of  TRACI  (developed  in  2006)  for  the US  average 
condition and available at http://www.epa.gov/nrmrl/std/sab/traci/  
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Finally, energy consumption, PM10 emissions, and the impact characterization results were 
normalized by the commensurate California estimates for the 40‐year period, presented in Table 
18.  Energy use projections represented the 40‐year sum of annual values forecasted based on 
linear regressions of 1996‐2006 data from the U.S. DOE Annual Energy Review (U.S. 
Department of Energy 2006) and multiplied by the ratio of the population of California to that 
of the U.S. from the U.S. Census Bureau (US Census Bureau 2004).  Next, and again multiplied 
by the same population ratio, California PM10 emissions and emissions contributing to 
acidification and smog formation were estimated from the 40‐year sum of 2005 emission 
estimates from the U.S. Environmental Protection Agency (US EPA 2007b)13.  Contribution to 
climate change was estimated as a 40‐year sum of the 2004 level for California (CARB 2008). 
When combined, the normalization factors are intended to allow the life cycle environmental 
impacts to be placed within the context of their contribution to the overall California condition. 
Further model development and application would require the same normalization procedure 
for any given state in which the model was applied.  If actual state‐level inventory and analysis 
exist, it is recommended that those data be used for normalization of test landscape 
contributions.  


Table 18. Normalization factors (estimated 40-year California values) 


Factor Result Units 
Total energy consumption 260,000 tera Btu 
Fossil fuel consumption 190,000 tera Btu 
Petroleum consumption 190,000 tera Btu 


Climate change 21,000 
million tons CO2 
equivalents 


Smog formation 150 
million tons NOx 
equivalents 


Acidification 6,800 
million tons H+ 
equivalents 


PM10 emissions 8.9 million tons 


 
Note that the assessments in this study did not include the construction, maintenance, and 
decommissioning of facilities and capital equipment (in other words, harvest equipment, 
distribution/ transport equipment, power plant buildings and equipment) and the life cycle of 
other feedstocks needed to ensure continuous power plant operation. 


2.11.6. B2E LCA Interpretation 
The B2E Project’s approach modeled one Test Scenario; however, the Test Scenario could be 
compared to other future scenarios, each of which would produce a variation in: 


                                                 
13 Although  the 40‐year data could be  forecasted  from  the U.S. Environmental Protection Agency data 
this method  results  in negative U.S. emission values as early as 2023.   Thus, using  the 2005 per capita 
value was  chosen  for  emissions normalization.   Note  also  that  the non‐greenhouse gas U.S.  emissions 
data do not include fire and dust. 
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• the amount of sawlogs produced, and  


• the amount of chips used in the production of electricity (and thus the generation of a 
different amount of electricity).  


The B2E Project included developing an LCA framework that would facilitate the comparison 
of different management scenarios.  While the LCA Domain Report (Appendix 4) presents the 
gross LCA results (which represent the main LCA flows depicted in Figure 5 for a current 
generation biomass combustion power plant), the gross assessment results do not allow for the 
comparison between scenarios because they do not account for the variation in sawlogs and 
chips produced under different scenarios.  Hence, the focus of this section is on interpreting the 
gross LCA results to provide the means for future scenario comparisons.  Interpretation of the 
gross results is done in two steps.  First processes, inputs and emissions are allocated to sawlog 
production and electricity generation.  Next variations in the conversion technology (i.e., type of 
power plant) used to generate electricity are calculated. These steps are described in the Results 
Section (3.0) to provide context for, and explanation of, the LCA modeling results. 


2.12. Landscape Greenhouse Gas Model 
The Biomass to Energy project attempted to build an atmospheric carbon flux model based on 
an interpretation of the data generated by the tree lists and the fire modeling.  The Landscape 
GHG model (LGHG) was developed in order to test assumptions about total fates of carbon 
dioxide (CO) and methane (CH4) in the atmosphere, and to relate those greenhouse gases to 
forest growth and biomass removals over the 40 year modeling period.   


While the LGHG had promising results, the team determined that the model would need 
further development in order to fully account for the greenhouse gases associated with post‐fire 
decay and decomposition and the net sequestration from forest growth.  The initial version of 
the model used generalized growth curves for forest mensuration after disturbance, and used 
assumptions about the sequestration capabilities of broad forest types.  Additional assumptions 
were made about the fate of wood products and biofuels used for energy generation that were 
consistent with the assumptions used in the life cycle assessment.  The LGHG model does not 
attempt to track all landscape‐related carbon flows.  Rather, the model is constrained to 
analyzing the flow of carbon in above‐ground live tree biomass into biofuels and sawlogs, and 
into the atmosphere as a result of wildfire and decomposition.  


The LGHG model was tested against a one‐year GHG fate model (Morris 1999), developed in 
order to estimate total CO2 and CH4 burdens and fates in the atmosphere.  This original model 
accommodates a wider variety of biomass fuels (such as sawmill waste, forest treatment 
residues, agricultural residues, recovered municipal waste and landfill gas).  The modules 
pertaining to in‐forest waste and tree growth were compared to the LGHG model in order to 
test the accuracy of LGHG accounting.  The equations used in the B2E application of the 
original model to account for fire probability and losses, post‐fire mortality and decomposition 
and post‐fire growth and sequestration were derived from the tree lists generated through the 
vegetation and fire analyses presented in Appendices 1 and 2. 
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2.13. Wildlife Habitat Assessment  
Once the analysis of vegetation growth, fire disturbances, and treatments were completed, the 
habitat domain team subsequently modeled their effects on wildlife habitat and associated 
values.  As most analyses of wildlife habitat depend on data reflecting the structure and 
condition of vegetation, the habitat domain team used tree list data produced by the vegetation 
domain team, adapted to allow for habitat quality analysis.  


A key reference used for the wildlife habitat analysis was the California Wildlife Habitat 
Relations (CWHR) model (CDFG 2002).  The habitat domain team evaluated vegetation 
conditions, along with environmental variables (for example, elevation, slope, and 
precipitation) to evaluate how habitat conditions for wildlife species would be expected to 
change under different forest management scenarios.  The team evaluated the potential effects 
of the Reference Case and the Test Scenario on biological diversity by evaluating changes in 
habitat suitability from five perspectives: habitat element specialists, aquatic species, service‐
providing units, indicator species, and individual species of special interest.  Each of the five 
perspectives addresses concerns regarding the direct and indirect effects of management on 
biological diversity and the services it provides.   


Habitat element specialist guilds represent the effects of forest management on vegetation 
structure, and in turn, habitat conditions for wildlife species.   


Service providing units represent the effects of forest management on ecosystem services by 
affecting the diversity of service providers and biological diversity as a whole.   


Species of special interest are those that are of particular interest or concern based on their 
current population status or their vulnerability to forest management practices.   


Aquatic species use upland habitats to meet a variety of life history needs, including foraging, 
cover, estivation, and dispersal.  Upland conditions and activities can also affect aquatic 
habitats.   


Current vegetation conditions across the Beta landscape were generated from existing Forest 
Inventory and Analysis (FIA) data.  Future vegetation conditions were modeled based on 
current FIA‐based vegetation, Forest Vegetation Simulator (FVS) growth models, and a 
predetermined array of disturbance events (see vegetation dynamics modeling domain).  The 
Reference Case and Test Scenario each had eight time steps (pre‐ and post‐treatment for each of 
four decades), with one shared starting condition, providing a total of 17 landscape condition 
snapshots.  Vegetation conditions for each landscape were provided by the vegetation dynamics 
team.   


2.13.1. Habitat Element Specialist Guilds 
Species associations with primary habitat features that are likely to change as a result of 
biomass harvesting were identified to create five habitat specialist element guilds: old forests, 
early seral conditions, snags, logs, and oaks.  Membership in each of the five guilds developed 
for this analysis was determined based on multiple sources.  The old growth associates were 
derived from Graber’s (1996) old growth conifer dependent species for the Sierra Nevada, and 
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included old growth dependent and associated species.  Early seral species were those for 
which early seral stages (open, seedling, or sapling stages) were considered high quality habitat 
for reproduction, feeding, and cover in the CWHR database.  Oak guild membership reflected a 
combination of species dependent upon oak foothill habitats (Graber 1996), and five additional 
species for which the CWHR database identified acorns as secondarily essential or essential.  
Snag and log associates were identified using the CWHR database: species for which snags or 
logs (large and medium diameter) were considered an essential or secondarily essential were 
included in these guilds.   


Each of the habitat element specialist guilds consisted of representatives from multiple 
vertebrate classes.  The team identified a total of 63 old growth associates, including 2 
amphibians, 3 reptiles, 36 birds, and 22 mammals (two of which are currently extirpated).  
Seventy‐nine species were identified as early seral associates, including 9 reptiles, 37 birds, and 
33 mammals.  Forty‐four species were associated with oaks or acorns, including 1 amphibian, 3 
reptiles, 30 birds, and 10 mammals.  Thirty‐four species were associated with snags, including 
24 birds and 10 mammals (one extirpated); and 16 species were associated with logs, including 1 
amphibian, 3 reptiles, 2 birds, and 10 mammals (one extirpated).  Modeling snag and log guilds, 
particularly the patterns of post‐fire mortality and snag and log recruitment, has a degree of 
uncertainty that should be viewed with caution. The team found that the Test Scenario effects 
on snag and log dependent species were difficult to quantify, and point to a larger finding that 
habitat modeling requires more refined vegetation data.  


2.13.2. Service Providing Units  
Following (Luck et al. 2003), seven service providing units can be identified in similar ecological 
systems. The habitat domain team identified four categories of service providing units (insect 
regulators, seed dispersers, decomposition aides, and herbivore regulators) to evaluate the 
effects of forest management on ecosystem services provided by vertebrate species.  
Insectivorous animals serve to keep populations of herbivorous insects in check, limiting a 
variety of undesirable damages associated with outbreaks of these insects, such as stress to 
native plant species including trees (for example, bark beetles).  With an emphasis on aerial 
insects, the team identified 93 members of the insectivorous service‐providing unit, including 
birds and bats.  Seed dispersal is a key service in any ecosystem that is provided by vertebrates, 
as well as invertebrates (for example, ants).  Many species eat and transport seeds; the habitat 
domain team targeted two groups of species (22 species total): conifer seed dispersers (small 
mammals), and fruit‐bearing plant seed dispersers (frugivorous birds and mammalian 
omnivores).  Snags and logs contribute significantly to soil nutrient availability and nutrient 
cycling in forested ecosystems.  Although other biota, such as bacteria, fungi, and ants, serve the 
primary role in decomposition, the 13 species of woodpeckers and secondary cavity nesters in 
the Beta landscape contribute to decomposition in an ecologically significant manner by 
exposing trees to disease through sapsucker feeding holes, and speeding the breakdown of 
snags and logs through the creation of cavities for feeding and nesting.   Herbivore regulators 
are carnivores, which serve a regulatory function in ecosystems, keeping populations of lower 
trophic level species (primarily herbivorous mammals) in check.  Finally, the team identified 
two tiers of herbivore regulators: primary (top carnivores; n = 21) and secondary (n = 9).   
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2.13.3. Species of Special Interest 
The habitat domain team considered species with special status, exotic species, and aquatic 
species in identifying species of special interest.  There were five exotic vertebrate species in the 
Beta landscape: three birds, one amphibian, and one mammal.  The team analyzed the richness 
of exotic species as a group.   The team identified Forest Service Sensitive Species and existing 
Management Indicator Species for the Plumas and Lassen National Forests as species of special 
interest, and these included 23 species: 8 aquatic species (4 amphibians, 3 birds, 1 reptile), and 
16 terrestrial associates (6 birds, 9 mammals).   


To test the sensitivity of the data used, the team evaluated the individual responses of one 
species, the American marten, as a demonstration of the type of analysis that can be conducted 
in any landscape where systematic surveys have been conducted.  For the American marten, the 
team developed a predictive model for probability of occurrence based on GIS‐based 
environmental data associated with survey data (detection, non‐detection) collected in the study 
area and adjacent landscapes.  In 1999 to 2002, the Forest Service’s Pacific Southwest Research 
Station conducted a survey for mammalian carnivores in the Greater Southern Cascades Region 
of northeastern California using baited trackplate and camera stations (Barrett 1983; Kirk 2007).  
The surveyed landscape overlaps the Beta landscape, extending far to the north but not as far 
east as the Beta landscape.  Nonetheless, the surveyed landscape is comprised of vegetation and 
other environmental conditions typical of the Beta landscape; hence, the predictive models 
developed for the surveyed landscape could be reliably applied to the Beta landscape.   


2.13.4. Aquatic Species  
The team then identified 79 non‐fish aquatic species that were primarily dependent on aquatic 
habitats, including 15 amphibians, 58 birds, 4 mammals, and 2 reptiles (Appendix 5).  In 
addition, 38 species of fish were identified as confirmed or likely to occur in the Beta landscape 
(Appendix 5).  Aquatic species were only included in the aquatic guild, and were excluded from 
the habitat element specialist guilds because of their unique considerations relative to changes 
in upland conditions.  Specific aquatic species were not included in this analysis.     


2.14. Ecosystem Services and Ecological Endpoints Analysis 
This section describes a framework for analyzing ecosystem services pertinent to the Beta 
landscape.  The habitat team analyzed impacts on key ecosystem functions that were classified 
as service‐providing units.  However, the B2E research team determined that a broader analysis 
would be appropriate in a further development of the study beyond Phase 1.   


This broader analysis would include quantification of the ecological endpoints identified in this 
section of the study. Ecological endpoints are characterized as ecological functions that have a 
directly measurable human welfare function, and that can be quantified in an accounting 
system that makes them fungible. Forest ecosystems can purify water, reduce flood and fire 
risks, support recreation, provide beauty, improve nearby agricultural output, sequester carbon, 
and enhance air quality (Daily 1997).  However, the services that connect directly to human 
welfare functions substantially narrow the field of indicators that needs to be measured to 
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understand changes due to disturbances such as wildfire or management such as fuels 
treatments. 


The methods used in the ecosystem services assessment are innovative in the area of resource 
economics.  While the initial scope of this study had hoped to establish a series of values for non 
market resources, the team found through its parsing of economic values on the Beta landscape 
that further analysis would be required before those values could be quantified. 


Given that the overall goal of this study was to explore trade‐offs among all values associated 
with disturbance and treatment at the landscape level, the fundamental requirement in meeting 
that goal would be to quantify or at least normalize values in order to make them comparable.  
The B2E economic model took into account all values that could be measured with market 
signals, or at least with reasonable proxies for market signals. However, several other values 
that in fact drive human choice and behavior on the Beta landscape are clearly importantly 
affected by treatments and fire.  Assigning them fungible values proved frustratingly elusive to 
the research team. 


This section illuminates the problem, and even provides a framework for a potential solution. 
The longer report (see Appendix 7) on ecological endpoints is an analysis of the historically 
difficult issues of benefits transfer.  And, it offers a recommended strategy for distilling 
ecological endpoints that can be quantified and measured against other values 


The methods employed in the analysis if ecosystems services are still under development.  The 
recommended strategy for development is an additional effort to quantify the values identified 
in the framework in Appendix 7, and summarized in Table 19. 
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Table 19. Examples of relationships between benefits and endpoints 


Benefits Endpoints 
Scenic, aesthetic enjoyment Undeveloped landcover, untreated landcover (if visible), 


burned landcover 
Residential water provision Water quality and availability at intake (wells, POTW 


sources) 
Commercial water provision Water quality and availability at intake (wells, POTW 


sources) 
Irrigation water provision Water quality and availability at source 
Commercially important soils  Soil availability & quality 
Recreational open space, aquatic Boatable waters area, depth, flow 
Recreational open space, terrestrial Parks and public lands 
Active hunting and angling Target species populations (deer, adult steelhead, ducks) 
Passive species observation  Target species (songbirds, elk, deer) 
Stewardship Endangered and threatened species not included in active 


and passive categories, wilderness 
Pollutant reductions – Air Air quality, particulates 
Property damage avoidance – Water Flood events and flood map 
Property damage avoidance – Fire Fire events and fire map 
Property damage avoidance – Pests 
invasives, pollinator losses 


Pest, invasive, and pollinator species populations. 


 


2.14.1. Ecological Production Functions 
A production function describes the relationships between inputs and outputs in a system.  One 
of the key limitations of this kind of analysis is the ability to state ecological production 
functions in ways that can be analytically observed and measured.  As Boyd points out in 
Appendix 7, the production functions on the B2E landscape are well on their way to clear 
definition, but further analysis and modeling would need to be completed before the ecological 
economic analysis could be completed.   


The current analysis for this study concluded with the following evaluation of the existing and 
needed tools to support identification and quantification of ecological endpoints: 


• Better species models that incorporate the spatial configuration of habitat.  Models of 
reproduction, forage, predation, and migration to better predict the location and timing 
of populations.  Of interest are not just valued populations, but pest and invasive 
populations as well. 


• Better hydrological models to link land cover to aquifer and downstream surface water 
availability.  Forests can prevent ‘flashy’ runoff and thus protect against flood surges.  
Dense growth is also thought to reduce groundwater delivery.  


• Better water quality modeling to link land cover and land management practices to 
downstream water quality.  Forest‐related impacts on nutrient cycling and nutrient 
loads is an example.  
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• Better understanding of soil quality effects arising from treatment and hydrological 
processes.  


• Better air quality models to allow for the analysis of human health, ecological, and 
aesthetic impacts. 


 


2.14.2. Scarcity and Substitution 
A common principle of resource economics holds that non‐market valuation is fundamentally 
dependent upon some kind of stated preference method14 being applied at the appropriate scale, 
surveying an appropriate sample population.  However, welfare‐significant conclusions can be 
drawn without knowledge of underlying preferences.  This is because economic production 
obeys certain fundamental properties, or principles. For example, all else equal, the following 
statements are typical of economic logic, and apply to human evaluation of ecological scarcity 
and value: 


• The scarcer an ecological feature, the greater its value. 


• The scarcer are substitutes for an ecological feature, the greater its value.  


• The more abundant are complements to an ecological feature, the greater its value.15  


Note that scarcity can be measured, as well as the abundance of substitutes and complements, 
without detailed knowledge of underlying preferences.  For any of the endpoints found to vary 
as a result of management, policy, or protection useful things can be said about the social value 
of the change by exploring the scarcity of what is gained or lost.   While stated‐preference 
methods are highly recommended to refine the scarcity analysis approach, for a gross 
assessment employed at the scale of this study, it is sufficient to detect analytically significant 
differences among policy scenarios. 


For example, a waterbody whose quality is enhanced will – all else equal – be more valuable if it 
is scarce.  Is it the only swimmable lake in the county, or one of many?   The same holds true of 
parks, open space, and wilderness.  Are these land uses scarce or plentiful?  Knowing the 
answer to these questions may help decision‐makers make more informed choices about 
impacts and priorities.   


                                                 
14 Stated preference methods  fall  into  three primary categories:   a) contingent valuation,  in which  the 
respondent is required to make a comparison of value between the resource value in question and known 
trade‐off values; b) travel‐cost analysis, in which travel effort and investment constitutes a proxy for the 
value of the resource; and c) hedonic pricing, which uses property values as a proxy for the value of the 
resource as compared with comparable purchase prices.  Each has strengths and weaknesses, depending 
on application.  For this study, the team recognized that each method represented fruitful areas of future 
research to enhance and refine the substitution and “rarity” methods used to determine ranges of values 
and change due to disturbance and management.   


15 Though note that not all ecological inputs require complements to yield a benefit. 
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Substitutes are also important to analyze.  If water flows in a stream are reduced, but there are 
alternative groundwater sources for irrigation or drinking, the social costs of reduced flows will 
– all else equal – be lower than if there are no substitutes. The benefits of fire and flood damage 
are likewise influenced by the availability of averting actions which are a substitute for fire or 
flood risk reductions.  Flood pulse attenuation is less valuable in watersheds where there are 
built flood controls such as levees, dams, and reservoirs.  It is more valuable when those built 
substitutes are absent.   


The scarcity of, substitutes for, and complements to many ecosystem goods and services are 
relatively easy to assess.  In many cases, metrics can be derived from social and biophysical GIS 
data. (Boyd and Wainger 2002; Boyd and Wainger 2003).      


Table 20. Examples of endpoints and relationships to metrics of scarcity and substitution 


Endpoint (w/benefit) Scarcity Metric Substitute Metric 
Undeveloped land in viewshed 
(Aesthetic enjoyment) 


% landcover undeveloped in 
service zone 


% landcover lightly developed 
land 


Water quality (Drinking, 
Irrigation) 


Degree to which consumption 
constrained by availability 


Other water sources Wells, 
POTWs, 


Water availability (Irrigation, 
Commercial) 


Degree to which consumption 
constrained by availability 


Other water sources Wells, 
POTWs 


Boatable waters, depth, flow 
(Recreation) 


Number, size of waters in 
service zone 


n/a 


Parks & public lands 
(Recreation) 


Number, size of lands n/a 


Species (Hunting, 
Subsistence) 


Population density  species (bass for trout) 


Species (Observation) Population density in service 
zone 


Substitutable target species 


Species (Stewardship) Global or regional population 
viability 


n/a 


Wilderness (Stewardship) Global or regional wilderness 
availability 


n/a 


Fire events (Damage 
avoidance) 


n/a Protective actions (fire breaks, 
water) 


Flood events (Damage 
avoidance) 


n/a Protective actions (levees, 
dams) 


 


Each of the three subsections above are areas for further development.  Given the limitations of 
resources and expertise for this aspect of the project, the B2E team determined that recognition 
of the issues and a recommendation for further development should be sufficient during this 
proof‐of‐concept phase of the project.   
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2.15. Cumulative Watershed Effects Analysis 
Cumulative watershed effects analysis evaluates the impacts of multiple disturbance activities 
across a landscape over time.  The underlying premise for this approach is that watersheds 
recover over time, and the length and progression of the recovery depends on the type of 
disturbance involved. 


In the northern Sierra Nevada, impacts from vegetation management activities are primarily 
increased erosion and stream sedimentation resulting from decreased soil infiltration, decreased 
soil cover, bank and fill failures along roads, and altered runoff patterns.  While mass wasting 
can be a potential problem in localized areas, this process was not analyzed for the Beta 
landscape. 


Watershed impacts are most effectively mitigated using Best Management Practices in 
designing and locating roads and skid trails, maintaining protective vegetation cover, and 
limiting the extent and intensity of disturbance (Rice and Berg 1987).   MacDonald (1994) states 
that the effects of present day management activities on water quality are usually transient and 
rarely severe enough to cause significant damage to fish populations.  Exceptions to this 
conclusion include:  


• unstable areas or areas with highly erodible soils,  


• the combination of management activities with extreme storm events, and  


• downstream deposition areas where there is potential for cumulative effects. 


The B2E cumulative effects analysis assumed implementation of Best Management Practices in 
concert with the modeled treatment prescriptions.    


Cumulative watershed effects in the Beta landscape were assessed using the Forest Service 
Pacific Southwest Region’s cumulative watershed effects (CWE) model and verified using 
WEPP FuME. The CWE model is a disturbance‐based model that normalizes all disturbances 
(treatments, wildfires, and so forth) to an acre of road. WEPP FuME is a web based interface 
(http://forest.moscowfsl.wsu.edu/cgi‐bin/fswepp/fume/fume.pl) that predicts soil erosion 
associated with vegetation and fuels management practices (prescribed fire, thinning, and a 
road network) and compares the result with erosion from wildfire.   


2.15.1. Cumulative Watershed Effects Model 
The CWE model is a non‐specific model for modeling disturbance and recovery.  It can be 
designed to model disturbance and recovery related to sediment and soil erosion, or can be 
modified for other disturbance related processes, such as mass wasting. The model uses 
equivalent roaded acres (ERAs) to equate all disturbances to one acre of road, and estimates the 
recovery of the disturbed areas over a specified period of time, based on a recovery curve for 
the disturbance being modeled.  The CWE model can be modified for different disturbance 
processes by changing the model’s ERA coefficients and recovery curves.   


For the B2E Project, GIS coverages displaying watershed disturbances were analyzed using a 
CWE model written in visual basic.  The program read each disturbance and disturbance year 
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and, based on the ERA coefficient, recovery curve, and years to recover, computed the ERAs by 
year for each watershed, as described below.   


2.15.2.  Watershed Disturbances 
The Beta landscape was divided into 122 watersheds, ranging from 2,500 to 46,000 acres 
(averaging 23,000 acres). Disturbances were quantified using Forest Service corporate GIS layers 
displaying: (1) past vegetation management activities on national forest lands (from the Forest 
Service’s Activity Tracking System), (2) forest roads, (3) fire history, including burn severity, 
and (4) the Beta landscape treatments and wildfires modeled for the three time periods of 2006, 
2016, and 2026. Past and ongoing timber harvest activities on private lands were modeled using 
the state’s Timber Harvest Plan GIS coverages, which covered only two of the four counties 
(Lassen and Sierra Counties) in the Beta landscape at the time of the analysis.   


2.15.3. ERA Coefficients and Recovery Curves 
ERA coefficients were based on the likely effects of management activities on erosion and 
sedimentation, these two processes being the most likely mechanisms that would result in a 
cumulative watershed effects in the Beta landscape.  ERA values recover over time. To run the 
cumulative watershed effects model, the watershed team defined a recovery period (years) and 
assigned a recovery curve (Figure 7) for each type of disturbance. At this broad scale of analysis, 
sensitive areas, such as highly erodible soils or areas adjacent to streams, were not separated out 
for customized ERA coefficients and recovery curves.   


ERA coefficients and recovery curves were based on erosion and sedimentation studies from 
the American River Study on the Eldorado National Forest. (MacDonald et al. 2004) The study 
measured erosion rates from wildfire, logging roads, timber harvest, and prescribed fire, using 
sediment fences on the American, Cosumnes and Yuba River Basins. Sediment delivery was 
also examined. The study results are presented in Table 21. 
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Table 21. Mean sediment by treatment (1999-2000) and proportioned ERA coefficient 


Disturbance Type 


Mean Sediment 
Rates\2 


Sample 
Size 
(n) 


     


Tons/ha  Kg/M2  ERA Coef\3 
Est % Skid 
trails/landings


Roads Dirt  8.80  0.798  17‐55*  1.000  N/A 


Roads Gravel or Paved  0.90  0.082  10  0.102  N/A 


OHV Trails   3.90  0.354  7  0.443  N/A 


Minimally disturbed sites  0.01  0.001  3  0.001  N/A 


High Severity Wild Fire  11.00  0.998  3  1.250  N/A 


Holland soil skid trail  8.20  0.744  2  0.932  N/A 


Other skid trails  0.40  0.036  34  0.045  N/A 


Skid Trails (Mean)  0.83  0.076  36  0.095  N/A 


Prescribed Fire  0.01  0.001  15  0.001  N/A 


Thin Unit (estimated\1)  0.13  0.012 
 


0.014  15% 


Regeneration Harvest 
(estimated\1)  0.23  0.021     0.026  27% 


\1 Harvest Units estimated from skid trail erosion rates and minimally disturbed rates.  15 
percent of the area in thinnings was assumed to be in skid trails and landings, while 26 percent 
of regeneration harvest areas were assumed to be in skid trails and landings. 


\2 Mean sediment rates taken from the American River Sediment Fence study. 


\3 ERA Coefficients:  Dirt roads are set to 1 ERA per acre and all other ERAs are calculated 
based on the amount of sediment per acre relative to roads.  For example, the mean skid trail 
produces 0.83 Tons/ha or about 1/10 that of dirt roads. 


In the American River study, sediment rates were highly concentrated, with a relative few sites 
producing the majority of the sediment from each land use (Table 22).  For roads, a few 
segments, with inadequate road drainage, and road segments that were recently graded, 
produced a majority of the road sediment.  On skid trails most of the erosion came from 2 of 36 
segments on the Holland soil type. These outliers were not excluded from the B2E analysis but 
averaged into the ERA coefficients.   


For this analysis, dirt roads were set to 1 ERA per acre.  All other ERA values were calculated 
based on the average sediment yield relative to dirt roads.  For example, the average sediment 
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yield on high severity wildfire areas is 11 tons/ha and dirt roads are 8.8 tons/ha.  High severity 
wildfire therefore received an ERA coefficient of 11/8.8 or 1.25.     


All disturbances were assigned an ERA coefficient, a recovery curve, and recovery years based 
on the American River study, other studies, and local expertise. Sample ERA coefficients used 
in the analysis are listed in Table 21. The complete ERA coefficient tables are listed in the 
cumulative watershed effects domain report. 


Table 22. Beta landscape Equivalent Roaded Acre (ERA) coefficients, recovery years, and 
recovery curves for different types of disturbances. 


Activity Group  Activity Method  ERA’s / 
Acre 


Recovery 
Years 


Recovery Curve 


Harvest 
Activity Fuels 


Broadcast Burn  0.001  3  Concave 


Harvest 
Activity Fuels 


Machine Pile  0.021  8  Concave 


Fuel Treat  Thin From Below, Tractor  0.014  8  Concave 


Harvest  Clear Cut Tractor  0.026  10  Concave 


Harvest  Thin Tractor  0.014  8  Concave 


Road  Gravel   0.22  60  Flat 


Road  Dirt  1  60  Flat 


Wildfire  High Severity with Salvage  1.4  8  Concave 


Wildfire  Moderate Severity  0.3  4  Concave 


 


Recovery curves are used in this kind of damage analysis as a variable that can help set 
management priorities.  For example, a convex recovery curve can give a particular area a 
higher priority for restoration or rehabilitation because of the risks of long‐term damage 
without immediate intervention.  Recovery curves are assigned based on the type and severity 
of disturbance being modeled.  For example, since an active road does not recover over time, a 
flat recovery curve would be assigned.  Most sediment recovery can be plotted as a concave 
curve. Each recovery curve plots a unique pace at which watershed recovery from a specified 
disturbance is modeled.  For example, a concave curve plots a more rapid recovery during the 
earlier part of the recovery period compared to a linear recovery curve, which plots a constant 
rate of recovery over the recovery period, as illustrated in Figure 7 below. Recovery curves used 
for the Beta landscape analysis are shown in Figure 7.  Note that Figure 7 shows a 100‐year 
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recovery period; however, this period varies depending on the type of disturbance being 
modeled, as shown in Table 22 above. 
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Figure 7. Recovery curves used for B2E Beta landscape cumulative impacts analysis 
 


2.15.4. Watershed Thresholds 
The basic area for cumulative watershed effects analysis is a watershed. ERAs are calculated for 
a watershed over various time periods, and these values are compared to a threshold of concern 
(TOC) established for the specific watershed. The TOC is expressed as the ERA level that 
indicates the upper limits of the watershed’s tolerance to disturbance. The established TOC is 
based on the watershed’s sensitivity to disturbance and beneficial uses of the water. The TOC 
does not represent the point at which cumulative watershed effects will occur. Rather, it serves 
as a “yellow flag” indicator of a particular watershed’s increasing susceptibility to potential 
significant adverse cumulative effects.  


The ERA or disturbance threshold for any given watershed is unknown. Thresholds can vary 
within a watershed based on the intensity and duration of storm events. A very large 100‐ to 
200‐year storm event can exceed the threshold of an undisturbed watershed. A relatively small 
1 or 2 year storm event may cause debris slides after a wildfire.  The amount and severity of 
disturbances increase the likelihood of a storm event exceeding the watershed threshold.   


Thresholds of concern can be estimated based on local knowledge of past events. It is typically a 
conservative estimate, based on 30‐ to 100‐year storm events.  The threshold values used for the 
B2E analysis were from the Tahoe and Plumas National Forests.  Specific thresholds of concern 
are listed in appendices to the Cumulative Watershed Effects Domain Report (Appendix 6).    
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2.16. Economic Analysis 
The economic analysis focused on determining economic values of changes in resource 
conditions in the Beta landscape and at the power plant. As such, the analysis necessarily 
depended on modeling results from most of the Project’s other domains, as well as financial 
data for constructing and operating power plants and the valuation of assets (structures, 
infrastructure, recreation resources, and agricultural production) at risk to wildfire in the Beta 
landscape.  The analysis, however, was not a comprehensive economic assessment, which 
would require estimating monetary values for the ecological public goods and services, such as 
water quality, air quality and biological diversity, supported by the Beta landscape.  As 
discussed in the section on ecosystem services above, prices and quantities were not readily 
observable for most public goods and services affected by changes in the Beta landscape.  
(Recreation resources are an exception.) The analysis instead focused on valuating private 
goods and services (marketable assets, such as timber, structures and power from biomass 
plants) affected by changes in resource conditions within the Beta landscape and at the power 
plant.  For the most part, data on prices and quantities consumed were available from market 
transactions to place economic value on these goods.   


Different analytical frameworks (Table 23) can be used to present the outputs from economic 
analyses.  Deciding on the appropriate framework often largely depends on the policy 
questions that need to be answered and the availability of data to conduct the analysis.  For 
example, cost‐effectiveness analysis is typically used when a specific project outcome is 
predetermined and the analytical objective is to determine the least cost way to achieve the 
objective.  Economic costs are derived in terms of the opportunity costs of foregone uses of 
resources, including any direct costs incurred by implementing agencies.  Benefit‐cost analysis 
is a more comprehensive approach to economic analysis, involving equal consideration of 
economic costs and benefits.  Benefits reflect the increased value of market and non‐market 
goods and services (such as recreational, aesthetic, and cultural values).  


Table 23. Analytical frameworks for economic analyses 


ANALYTICAL FRAMEWORK PRIMARY OBJECTIVE 
Private Investment/Financial Analysis Identify rate of return on investment 
Cost-effectiveness Analysis Identify least cost program or project  
Fiscal Analysis Identify effect on local government budgets 


Local/Regional Economic Impact Analysis Identify effects on the local economy (jobs, 
income) 


Social/Community Analysis Identify effects on community well-being 
Benefit-Cost Analysis Identify the net economic value to society 
 


Successfully applying either cost‐effectiveness or benefit‐cost analysis depends on scientific 
understanding of the underlying physical and biological processes.  The physical changes in 
environmental and resource conditions are often described by response functions that relate 
changes in the physical and biological environment to policy actions. The economic analysis 
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attempts to characterize these physical and biological changes in monetary terms.  However, if 
key relationships among the physical and biological processes are not well understood, the 
economic analysis will mirror (and often compound) the level of uncertainty.     


The overarching research question for the B2E Project’s economic analysis was as follows: “Do 
the benefits of removing biomass (both timber and other biomass) from the forest and using it 
as a fuel source to generate electricity exceed the costs associated with the forest management 
activities?” The economic analysis focused on estimating the net present value (NPV) of 
changes in resource conditions associated with the vegetation management treatment scenarios 
(s1…s3) over a 40‐year analysis period (t1…t40). Notationally, the analysis can be expressed as 
follows: 


∑ Δ+−+−= 40...140...140...140...140...11...1 ttttttttttns MAVECEBCRNPV  


where: 


• R = Revenues:  discounted annual revenues for power generation, biomass co‐products 
(sawlogs), and salvage logs 


• C = Costs:  discounted annual operations, maintenance, and capital costs for forest fuels 
management, power plant operations, fire suppression, and forest rehabilitation  


• EB = Environmental Benefits:  discounted annual positive changes in the provision of 
ecosystem services  


• EC = Environmental Costs:  discounted annual negative changes in the provision of 
ecosystem services  


• ∆MAC = Change in Market Asset Values:  discounted change in market asset values 
attributable to wildfires, including structures, infrastructure, agricultural lands 
production, and recreation resources.  


• s = scenario:  comprehensive array of treatments, vegetation changes and wildfire 
interactions 


• t = time:  annual time period for each change in value 


Although the analytical notation includes consideration of environmental benefits and costs as 
part of a comprehensive economic analysis, research limitations did not allow for monetizing 
the environmental effects of the treatment scenarios evaluated for the B2E Project.  These 
limitations and ways to address them are discussed above in the section on ecosystem services. 


Consistent with requirements for economic efficiency analysis, the economics domain team 
used a benefit‐cost analytical framework to evaluate changes in resource costs and benefits 
associated with the Reference Case and the Test Scenario.  The analysis also included 
calibrations against the Private Land scenario, developed to test model sensitivity and to show 
likely marginal impacts and benefits from private land management.  Resource costs were 
measured in terms of opportunity costs, and benefits were evaluated in terms of willingness‐to‐
pay.  
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The team developed a spreadsheet model to calculate the annual costs and benefits of the no‐
treatment Reference Case and the Test Scenario over the 40‐year analysis period.  As a practical 
matter, costs and benefits that occur beyond 40 years in the future have little or no present 
value.  Costs and benefits are discounted to present value using a 3 percent real discount rate.   


2.16.1. Valuation of Assets at Risk to Fire 
A primary focus of the economic analysis was on evaluating changes in the economic value of 
assets at risk to wildland fire.  Based on previous research (California Department of Forestry 
and Fire Protection 2005 and Baerenklau 2006), key assets with established market values that 
are at risk to fire include agricultural land resources, timberland resources, recreation resources, 
structures, infrastructure, and mineral resources. 


A geographic information system (GIS)‐supported approach that allows for considering 
spatially‐explicit relationships was used to conduct the analysis of assets.  GIS was used to 
develop baseline values of assets at risk and to assess how fire affected these values over time.   
The geographic mapping levels, units of valuation, and basis of valuation for the assets 
evaluated in the analysis are shown in Table 24.  


Table 24. Geographic specification and valuation parameters for the assets at risk analysis 


Applicable 
Assets 


Geographic 
Mapping/Level of Dis-


aggregation Units for Valuation Basis of Valuation 
 
 
 


Agricultural 
resources 


Region-wide, based on 
designated rangelands 
(CDF) and irrigated 
croplands (ag covertype)   Acres 


Average rangeland and 
irrigated cropland values per 
acre; crop composite values 
used for specific areas (e.g., 
Sierra Valley)  


 
 


Timberland 
resources 


100 square meter grids 
used for SFA output, by 
county 


Green and salvage volume 
(thousand board feet) 
classifications defined by 
BOE  


Average stumpage values 
from BOE for harvest, 
treatment (co-products) and 
salvage  


 
 


Recreation 
resources 


Region wide, based on 
CDF designated recreation 
areas and other important 
recreation areas Visitor days 


Average net economic value 
per visitor day  


 
 
 


Structures Parcels, by county 


Improvements to real and 
personal property, by 
parcel 


Assessment value of 
improvements and other 
personal property  


 
 


Infrastructure 


Region wide, based on 
updated CDF data on 
powerline and facility siting 


Improvements to real 
property and easements Replacement value 


 
Mining  


Region wide, based on 
designated mining areas  Not valued  Not valued 
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GIS layers were created for each of the assets considered in this analysis.  Baseline values for 
each asset were calculated by assigning a known or estimated dollar amount to each cell 
containing an asset.  For example, one mile of transmission line was determined to have an 
average replacement value of $300,000. This value was converted to cost per meter giving each 
100‐meter cell containing a transmission line a baseline value for that asset.  Layers for 
recreation, agriculture, structures, and infrastructure (power transmission lines) were then 
compared to modeled fire location and intensity for each 10‐year time period in the Reference 
Case.  Fire intensity (flame length) was translated into a damage function appropriate for each 
asset type.  Burned cells containing assets were assigned a percent loss based on the fire 
intensity in that cell. Asset damages were aggregated within each asset type to determine total 
asset loss. 


2.16.2. Sawlog Valuation 
The economic analysis estimated the net revenues from harvesting of conifer sawtimber by 
species.  The economics domain team reviewed potential sources for objective and consistent 
valuation data and found that the best available source was the California State Board of 
Equalization (BOE).  The BOE sets timber harvest values as the basis for property taxes paid by 
California forest landowners and purchasers of public timber, per the California Timber Yield 
Tax Law of 1976. These values reflect net revenues to operators, thereby accounting for 
production costs. 


The BOE values are derived from market analysis conducted by BOE foresters using actual 
sawtimber transaction data for each of the 11 timber value areas in California. The market 
analysis provides approximate stumpage16 values for the timber before it is harvested, 
processed and transported to the market (i.e. sawmill, paper mill, composite panel facility).  
Valuation is expressed in dollars per thousand board feet ($/mbf)17. The BOE provides timber 
harvest values for miscellaneous, green and salvage timber respectively. In addition, BOE 
timber valuation assumes that value for some conifer species, such as ponderosa pine and 
Douglas fir, is also a function of size.  For these tree species, the BOE assumes that the larger the 
diameter of the sawlog, the more value it has in the marketplace.   


2.16.3. Fuels Treatment Costs 
Forest management costs for the Test Scenario were estimated using a spreadsheet model 
developed by the Project’s equipment configuration domain team.  Costs were estimated by 
using the equipment configuration team’s characterization of the type and blend of forest 
harvest and removal equipment used to perform forest management activities in the Beta 
landscape.   Cost estimation was based on information provided by experts (harvesting 
contractors and supervisors) currently conducting forest management activities in Northern 
California.   
                                                 
16 Stumpage values represent the value of timber as it stands prior to harvesting.  


17 Thousand board feet (mbf) represents the volume of a log based upon board foot measure. One 


board foot represents the amount of wood contained in an unfinished board measuring one inch thick, 


one foot long, and one foot wide. 
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Total costs were allocated to the two different products, chips and sawlogs, using the following 
logic: because a primary intent of the operations is to remove fuel and remediate forest stands, 
the biomass and sawlogs should share equally, on a per‐ton basis, the costs of all activities that 
handle or process both products.  Thus, costs were partitioned by weight over the biomass and 
sawlogs for activities directly associated with each distinct configuration of harvest equipment.  
The costs of ancillary activities were also shared on the same basis.  Costs allocated solely to 
biomass included chipping and transport of chips to the power plant. (The analysis did not 
consider loading and hauling activities associated only with sawlogs.) Finally, capital and 
operations and maintenance costs were calculated separately on a per‐ton unit basis for each 
product (sawlogs and biomass).   


2.16.4. Power Plant Costs and Revenues 
Power plant cost estimates developed for the B2E Project were primarily comprised of the 
following three components: 


• initial capital and development costs for the permitting and building of the project, 


• cost of financing these up‐front costs during construction as well as the operating phases 
of the project, and 


• actual operating and maintenance of the project during its operating life. 


Initial capital costs were estimated on the basis of similar‐sized plants that are being built on the 
West Coast, with costs based on the assumption that a new facility would be constructed on 
land that is rural in nature, and built where permitting for a biomass power plant would be a 
reasonable financial undertaking.  Financing cost was based on the assumption that the project 
will be a stand‐alone entity, and that the equity investors and debt lenders would only have 
recourse to the project itself.  Operating and maintenance costs of the project were based strictly 
on the experience of the Mt. Lassen Power biomass plant in Westwood, California. Mt. Lassen 
Power has had a long history of continuous operations, sourcing a majority of its feedstocks 
from thinning operations within a 30 to 50 mile radius of the power plant, providing empirical 
data representative of the costs associated with the operations of a typical biomass power plant.  


Power plant revenue estimates were developed by multiplying the electricity output of the 
power plants constructed under each scenario by a price per kWh.  The prices incorporated into 
the revenue estimates were based on information provided by the California Renewable 
Portfolio Standard Program.  This program calls for the California Public Utilities Commission 
to establish a methodology to determine the market price of electricity for terms corresponding 
to the length of contracts with renewable generators. The market price must reflect the long‐
term market price of electricity a utility would need to purchase to meet its capacity and energy 
needs from conventional fossil fuel resources instead of the renewable resources proposed 
under the RPS bidding process. 


2.16.5. Fire Suppression and Rehabilitation Costs 
Fire suppression and rehabilitation costs can vary considerably due to differences in location, 
terrain, fuel type, proximity to populated areas, weather, fire intensity, and so forth.  The team’s 
review of literature and data concerning fire costs revealed little fire suppression and 
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rehabilitation information specific to the Beta landscape.  Therefore, the team used national data 
and information available for fires in other areas to develop costs for modeling purposes, 
implicitly acknowledging that costs may differ for fires in the Beta landscape.   


To estimate suppression costs on a per acre basis, the economics domain team relied on cost 
data from the Forest Service (Strategic Issues Panel on Fire Suppression 2004) as well as a study 
of Colorado fires (Lynch 2004).  The Colorado suppression cost data were generally consistent 
with the Forest Service cost data, indicating that the national suppression cost of $403 per acre 
was reasonable for estimating suppression costs in the Beta landscape.  This cost was adjusted 
to 2006 dollars using the Employment Cost Index for state and local government workers, 
resulting in an average fire suppression cost of $465 per acre. 


Expenditures on post‐fire rehabilitation vary considerably because this spending is more 
discretionary than is spending on fire suppression.  Additionally, variations in locations of fires 
can play a larger role in costs.  For example, a fire that results in erosion that threatens urban 
water supplies or that increases the chances for major flooding in urban areas may spur 
significant emergency and long‐term rehabilitation spending, whereas a fire in a remote area 
that does little damage to major watersheds may generate little or no rehabilitation spending.  
Activities funded by rehabilitation spending can vary from emergency erosion control to multi‐
year programs that include watershed seeding and tree plantings. The team used data from a 
Forest Service study that evaluated emergency rehabilitation treatments following 480 fires, 
primarily on National Forest System lands, from 1973 through 1998 to develop assumptions for 
average rehabilitation costs for the Beta landscape.  
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3.0 Project Results 
Project results are presented in the following sections in a sequence following the format in the 
project approach section.  Detailed reports for each domain reported are available in the 
Appendices, along with complete metadata reports for each model and dataset used.  The 
presentation of results in each domain follows the following format (Table 25): 


Table 25 - Format for presentation of B2E model results 


Domain  Types of results 


Vegetation Dynamics  Types, size and location of treatments; general 
characteristics of the Beta landscape; removal 
of sawlogs and biomass under each scenario 


Wildfire Behavior   Size, severity and locations of fires under each 
scenario  


Life Cycle Assessment  Smoke emissions from each class of fire; 
energy use and emissions for each equipment 
configuration; energy use and emissions for 
each type of biomass powerplant; comparison 
of biomass energy with California grid and 
natural gas power plant; total system 
emissions; environmental impact analysis for 
climate change, smog formation, acidification 
and particulate matter 


Landscape Greenhouse Gas   


Habitat  Changes in habitat quality due to fire, 
treatments or both 


Cumulative Watershed Effects  Impacts to soil, soil movement, sedimentation 
in aquatic systems 


Economics  Changes in asset values due to fire and 
treatment; treatment costs and revenues; 
power plant costs and revenues; fire 
suppression costs; rehabilitation costs 


 


Note that the results table above does not address several of the other domains and processes 
identified in the approach section (2.0).  The team considered many of the approach processes 
and domains to be intermediary steps required only to produce model outputs for the domains 
reported in the results section (3.0).   
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It is worth emphasizing that the actual numerical and marginal results presented here are the 
outcomes of the B2E modeling assumptions.  The differences in wildfire severity or size, for 
example, may not be as dramatic in the Test Scenario as one might have hoped.  Or the 
reduction in wildfire greenhouse emissions may not seem significant, given the effort and 
expense seen in the equipment deployments or economic returns.  This is purely an artifact of 
the modeled scenario assumptions.  Future evolutions or applications of the B2E model would 
include development of additional scenarios that would test the landscape’s ability to produce 
significant changes, perhaps in greenhouse gases, biomass power produced, or other 
production functions that might be socially preferable.  The Test Scenario assumptions were 
designed to be as close to current practice and experience as possible so as to allow the 
modeling teams to calibrate model functions and assumptions.  In other words, the team chose 
to test the models as closely to reality as possible, using actual data where possible, in order to 
assure proper model functioning.   


The Test Scenario applied different types of vegetation treatments to account for different 
landowner objectives, for example, modeled treatments on private industrial forest lands clearly 
had a sawlog production management objective. PMU modeled treatments accounted for a 
variety of objectives.  For example, most of the treatments on national forest lands in the first 
decade were focused on the construction of defensible fuels profile zones (DFPZs), which are 
designed with the objective of providing a place to deploy firefighters in the event of a wildland 
fire.  Firefighters would use DFPZs to make a stand to hold or contain a fire.  Treatments on 
national forest lands during the second model decade focused more on strategically placed area 
treatments (SPLATs).  SPLATs are designed to interrupt the spread of a wildland fire, thereby 
slowing its spread.  DFPZs are a fire suppression enhancement strategy while the objective of 
SPLATs is landscape‐scale fire behavior modification.  


The landscape selected for analysis covers approximately 2.7 million acres of both east and west 
side forest in the northern Sierra Nevada mountains.  Figure 8 shows the location of the Beta 
landscape.  The area spans three national forests, five counties and contains parts of Lassen 
National Park, several state parks, a state game reserve and several thousand acres of 
commercial forest lands.  Table 26 (duplicated from the Approach section) shows a breakout of 
the types of land ownerships on the Beta landscape.  


Table 26.  Land ownership categories in the B2E Beta landscape 


Land Category Acres % of Total 
Public Multiple Use 1,374,783 50%
Public Conservation & Recreation 407,776 15%
Industrial Private Forests 457,427 17%
Non Industrial Private Forests 383,008 14%
Urban & Other 112,816 4%
Total 2,735,809 100%
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Figure 8 - Location of B2E Beta landscape 
The B2E model tracks the changes in vegetation type and condition through four modeling 
decades for both a Reference Case and Test Scenario.  The Beta test of the model assumes a 
beginning year of 2006, and ends with final conditions stated for 2046.  Therefore, changes from 
fire and treatment are displayed for the years 2006, 2016, 2026 and 2036.   


3.1. Vegetation dynamics and change 
Vegetation conditions are reported in this section under both the Reference Case and the Test 
Scenario.  Treatments are reported by ownership class and slope condition, so that the reader 
can appreciate the extent of treatments under each scenario.  Scenarios will be compared at the 
end of the section. 


3.1.1. Reference Case and Test Scenario  
A Reference Case was developed to compare changes under other scenarios, and is typically 
characterized as the “no treatment” scenario, in which the model grows and burns trees without 
any treatments being applied.  The primary purpose of this scenario is to establish both the 
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extent of growth on the landscape without intervention and the extent and severity of fires 
without treatment.  It is a totally hypothetical case for reference purposes only. 


Vegetation changes in the Reference Case are due exclusively to growth and wildfire, and are 
reported in the next section on wildfire behavior.   


Table 27 - Acres and products from the Beta landscape under the Test Scenario 


Acres Treated  1,971,451


Biomass Chips Produced (BDT)  20,804,604


Sawlogs Produced (mbf)  15,682,776


 


Table 28 - Acres treated by decade per scenario under the Test Scenario 


 
2006  2016  2026  2036 


Test Scenario  525,825 447,478 538,485  459,663


 


3.2. Wildfire Behavior 
Wildfire is one of the most critical variables being tested through the use of the B2E model.  
Since the key objective of the model was to test the effect of thinning on fire extent and severity, 
the model needed to show sensitivity to the effects of thinning operations.  Table 27 above 
shows the average BDTs removed per acre during the entire 40‐year modeling period.  This 
shows a gross level of change in the fine fuels present, available for burning in wildfire.   


The fire behavior domain team modeled wildfire behavior under the Reference Case (no 
treatment) and the Test Scenario. Under the Reference Case, weighted average biomass levels 
were 79 bone‐dry tons (BDTs) per acre; under the Test Scenario, private land treatments 
removed an average of 31 BDTs/acre, while SPLATs and DFPZs removed an average of 24 
BDTs/acre (Appendix 8, Table 1).  


While the ownerships, forest type, density and slope dictated the type of treatment 
prescriptions, the wildfire modeling found that the spatial arrangement of treatments has a 
greater impact on their ability to change fire intensity and extent than the prescription applied 
(see Appendix 8).   The Test Scenario fires were modeled with spatial adjustments of treatments 
to protect sensitive wildlife habitat, reduce negative watershed effects, shape recreational 
opportunities, and capture timber volume under industrial private forest ownerships. The 
assumptions used in the spatial distribution of treatments are shown in the treatment allocation 
rule sets and logic described in the vegetation domain appendix. 


The wildfire behavior modeling showed a 22% reduction in extent of wildfire compared to the 
Reference Case (Table 29). The second decade shows the greatest impact on reducing overall 
wildfire perimeters (Table 29).  One might expect to see a similar trend for reducing fire 
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perimeters across all four decades.  However, differences due to modeling assumptions and fire 
ignition locations may explain the variance from the downward trend in the third and fourth 
decades under the Test Scenario. The  substantial changes in decade two are most likely 
attributable to the location of the ignitions, higher proportion of private industrial ownership, 
and the topography within the fire perimeters. 


Table 29 - B2E burned areas by scenario and by year 


Year  Reference Case  Test Scenario 


2006            92,684            80,487 


2016            60,153            39,846 


2026            69,953            44,385 


2036            76,543            67,796 


Total Acreage          299,334          232,514 


      


% Change from 
Reference Case  0% ‐22%


 


As would be expected, the Reference Case generated more acres burned compared to the Test 
Scenario, with an average of 74,833 acres burned per decade.  Ignoring the small fires, the B2E 
Beta landscape’s fire history on record (last 80 years) averaged approximately 65,000 burned 
acres per decade. Wildfire behavior modeling for the B2E Beta test attempted to mimic the fire 
history on record, burning 65,000 acres in a variety of fire sizes and intensities. 


Evaluations of fire hazard mitigation programs tend to focus primarily on changes in the 
number of acres burned (since those are easiest to monitor).  However, the B2E fire modeling 
also captured changes in the severity of fires.   Across the Reference Case and the Test Scenario, 
approximately 32 % of the acres burned were characterized as non‐lethal, that is, surface fires 
with flame lengths between one and four feet (Table 30).  This acreage corresponds well with 
the Forest Service’s wildfire severity monitoring for the Sierra Nevada (Miller and Fites 2006),  
in which the authors found that approximately one third of the area of large fires burns in the 
“non‐lethal” severity class. 
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Table 30 - Fire Severity for Modeled Wildfires Under the Reference Case and Test Scenario 


Fire Severity 
Class  Reference Case 


% of acres 
burned  Test Scenario 


% of acres 
burned 


N ‐ nonlethal     81,471  27%    86,586   37%


X ‐ mixed lethal   136,887  46%    98,560   42%


L ‐ lethal     80,976  27%    47,368   20%


Grand Total   299,334  100%  232,514   100%


 


Fire severity classes are important to the B2E modeling because many of the downstream 
models evaluate the effects of fuel treatment scenarios based upon the three severity classes. For 
instance, consumption rates for canopy fuels and resultant wildfire emissions for green house 
gases are all modeled and calibrated based on fire severity classes.   


The percentages of acres with lethal and mixed‐lethal fire severity classes were highest in 
decade two (Table 31). Only decade three showed a decrease in the number of acres in the non‐
lethal severity class (3,880 acres) but that is due to the dramatic drop in total acres burned from 
implementing both public and private treatments in this particular decade with a combined 
reduction of 25,568 acres or a 36.5% reduction from the Reference Case (Table 32).  


Table 31. Fire severity results comparing reference to test 


      Fire Severity Classes 


   Year  Non‐Lethal  Mixed Lethal  Lethal 


Reference Case  2006   36,579   33,176   22,929 


   2016   19,447   20,947   19,759 


   2026   19,296   31,691   18,965 


   2036     6,148   51,072   19,324 


Test Case  2006   37,889   24,740   17,858 


   2016   19,914   15,452     4,480 


   2026   15,417   18,496   10,472 


   2036   13,366   39,873   14,557 


 


Overall, the results of the vegetation and fire modeling show a reduction in acres burned and 
the severity with which those acres burned.  This demonstrates successful implementation of 
the interactive vegetation and fire modeling.  In terms of treatment efficacy, the modeling 
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confirms increasing experience in the management community as well as empirical 
measurements in the literature:  treatments can have a positive effect on reducing the extent and 
severity of wildfire at the landscape scale. 


3.3. Life Cycle Assessment Results 
3.3.1. Gross Inventory Results 
The gross inventory assessment estimated the life cycle energy use and emissions for the 
Reference Case and the Test Scenario assuming use of the current generation biomass 
combustion power plant and as the treatments would be performed (as described in Section 
2.0).  The Test Scenario in the gross assessment was assumed to produce different amounts of 
sawlogs and biomass electricity over the 40 study years (Table 32).  


Table 32. Gross assessment system products 


 
Reference Case: No 
treatment 


Test Scenario: Treatments 
on IPF , NIPF, and PMU 
lands 


Landscape managed (acres)  2,700,000 2,700,000


Area treated (acres)  0 1,971,451


Sawlogs produced (dry 
tons) 


0 31,000,000


Biomass electricity 
generation: current 
generation biomass 
combustion power plant 
(MWh) 


0 19,000,000


Installed biomass 
electricity generation 
capacity (MW) 


0 61


 


Table 33 presents the gross inventory analysis results for the Test Scenario, including the life 
cycle energy use and emissions for harvest equipment operation (including forest treatment and 
chip transport), underburning, and power plant operations. Total life cycle energy includes the 
life cycle for fuels used by harvest equipment and during chip transport and for energy use by 
the power plant (for example, diesel use for forklifts and use of propane for building heat and 
plant start up), as well as the energy contained in the chips, minus the energy generated by the 
power plant.  Because the power plant was assumed to operate at a20 percent conversion 
efficiency the energy in the chips dominates total energy consumption. 


75 







 


Table 33 ‐ Gross life cycle inventory results for Test Scenario 


   Life Cycle 
for Harvest 
Equipment 
Operation 
and Chip 
Transport  


 In‐Forest 
Underburning 


 Life Cycle of 
Power Plant 
Operation  


 Total Test 
Scenario  


 Total energy consumed   mmBtu    2,924,894   ‐    291,970,023   294,894,918 


 Fossil energy consumed   mmBtu    2,861,358   ‐    809,596   3,670,954 


 Petroleum energy consumed   mmBtu    1,354,024   ‐    154,141   1,508,165 


 NMVOC emissions to air   tons    884   27,789   3,601   32,275 


 CO emissions to air   tons    3,112   120,892   33,153   157,157 


 NOx emissions to air   tons    1,750   1,125   14,322   17,197 


 PM10 emissions to air   tons    356   11,599   9,765   21,719 


 SOx emissions to air   tons    248   736   1,660   2,644 


 CH4 emissions to air   tons    1,649   5,690   1,689   9,027 


 N2O emissions to air   tons    29   150   4,377   4,556 


 CO2 emissions to air   tons    1,182,172   1,576,269   40,834,701   43,593,142 


 


Beyond the total life cycle energy, life cycle fossil and petroleum consumption for the gross 
assessment was dominated by fuel use for harvest and chip transport (as expected).  For 
emissions, in‐forest underburning becomes important in the Test Scenario for NMVOC and CO 
emissions.  Finally, power plant operations account for  approximately 94% to total system 
emissions in raw tons.    


3.3.2. Gross Impact Characterization 
Table 34 presents the estimated life cycle contribution to climate change, acidification, and smog 
formation for the gross assessment of the Test Scenario.  These results were based on the 
inventory results presented in Table 33 above and the equivalency factors described in Section 
2.0.  
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Table 34.  Gross assessment of climate impact categories from LCA 


Impact Category  Units   Life Cycle for 
Harvest 
Equipment 
Operation 
and Chip 
Transport  


 In‐Forest 
Underburning 


 Life Cycle of 
Power Plant 
Operation  


Climate Change  tCO2e        1,200,000         1,700,000         42,000,000  


Acidification  tH+e            83,000             82,000             660,000  


Smog formation  tNOxe              2,500         2,040,000               18,000  


 


Finally, Table 35 presents the gross assessment energy consumption, PM10 emissions, and 
impact characterization results normalized by the 40‐year California contribution to each flow 
or impact using the normalization factors presented in Section 2.0.  As shown, the life cycle total 
energy is estimated to approach a 0.1 percent increase in the California total for the Test 
Scenario. Normalized values are less than 0.1 percent of the California totals for fossil and 
petroleum consumption and contribution to acidification.  


Table 35. Gross assessment impact normalization (as percent of California impact) 


 


Total 
energy 


Fossil 
energy 


Petroleum 
energy 


Climate 
change  Acidification


Smog 
formation 


PM10 


emissions 


Test 
Scenario   0.12%  0.0019%  0.00080%  ‐0.18%  0.023%  0.18%  1.4% 


 


3.3.3. LCA Interpretation 
The gross assessment results for the Test Scenario above are not technically comparable to any 
other possible scenarios for three reasons: (1) different scenarios would produce different 
amounts of sawlogs, (2) different scenarios would produce different amounts of electricity, and 
(3) different scenarios result in a 2.7 million‐acre landscape characterized by differing 
management outcomes, as measured by extent and severity of wildfire.  In LCA terminology, 
the systems represented by different scenarios would be multifunctional, and the LCA 
standards followed in this study provide computational remedies for managing multifunctional 
systems.  In LCA terms, co‐products are products produced but not used within the system 
boundaries. (In the Test Scenario, sawlogs are a co‐product.) There are three computational 
options for the management of co‐products in life cycle assessments:  


1.  system expansion (subtracting from the inventory analysis the life cycle energy use and 
emissions for an alternative means to produce the co‐product),  
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2.  allocation (dividing the energy use and emissions among process products and co‐products 
on the basis of the equipment applied, stoichiometry, or co‐product mass, energy, or economic 
value), or  


3.  ignoring the co‐products (which is essentially what has been done in the gross assessment 
described in this Section).    


System expansion is the preferred method when an alternative means to produce the co‐
product exists (such as another way to produce electricity or sawlogs), with most LCA 
practitioners using allocation when system expansion is not feasible. 


The importance of these computational remedies cannot be overstated.  In order to facilitate a 
net or comparative assessment (for example, the comparison of ways to produce electricity), 
credit (or subtraction) must be used for system co‐products as needed to model systems that 
produce only one product.  For example, consider the net assessment defined in Table 36, in 
which the electricity generation system was designed to produce only electricity.   


Table 36.  Net assessment system characteristics (electricity only) 


 Electricity generation systems 


Final product  Electricity  


Magnitude of 
service 


per MWh 


Duration of service  40 years 


Expected level of 
performance 


Continuous electricity generation 


For comparison to  Electricity generation by conventional means 
such as using the California grid or a natural 
gas power plant 


What needs to be 
done 
computationally 


Remove energy use, emissions, and impacts 
for sawlog production 


 


The assessment of the electricity generation system defined in Table 36 follows below for the 
comparison of different electricity generation systems.  In this net assessment, energy use, 
emissions, and impacts for sawlog production were removed from the gross assessment results 
using allocation, because system expansion was deemed infeasible in the absence of a viable 
process to generate sawlogs only.  To remove sawlogs from the assessment, the harvest and 
chip transport equipment were first grouped as that dedicated to chip production, to sawlog 
production, or to both.  Next, fuel and oil use and emissions for chips were estimated to include 
that for equipment dedicated to chips and that for equipment dedicated to both chips and 
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sawlogs, with the latter mass allocated to the amount of sawlogs produced.  Thus, a 
combination of process‐based and mass allocation was used in the net assessment.    


3.3.4. Comparison of biomass electricity generation systems 
A comparison of different electricity generation systems follows, using the assessment of the 
electricity generation system defined in Table 36.  In this net assessment, energy use, emissions, 
and impacts for sawlog production were removed from the gross inventory assessment using 
an allocation method.  A system‐expansion method was deemed infeasible in the absence of a 
viable process model that would show the inputs, processes and emissions for sawlog 
production only.  To remove sawlog‐related processes from the assessment, the harvest and 
chip transport equipment were first grouped as those processes dedicated to chip production, 
those processes dedicated to sawlog production, or those processes dedicated to both.  Next, 
fuel consumption, oil use and emissions for chip production were estimated for equipment 
dedicated to chip production and for equipment dedicated to both chips and sawlogs.  The 
latter were mass‐allocated to the amount of sawlogs produced.  Thus, a combination of process‐
based and mass‐based allocation methods were used in the net assessment.    


The comparison of electricity generation systems, detailed in the LCA Domain Report 
(Appendix 4), offers at least two important insights into the system.  First, the effect of the low 
B2E power plant efficiency on the total life cycle energy consumption is revealed, reflecting the 
differences in the source‐to‐point‐of‐use efficiency of conversion of fuel type to energy output 
for each system:  35 percent efficiency for the natural gas power plant; 45 percent efficiency for 
the California grid; and 18 percent efficiency for the Test Scenario.  Second, the life cycle 
consumption of fossil and petroleum fuel and the contribution to acidification for the Test 
Scenario are estimated to be less than that needed to produce equivalent amounts of electricity 
using conventional means (i.e., NGPP or the California grid).   
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Alternative Power Plant Technologies 
In Figure 9, life cycle energy is dominated by the difference between the energy embodied in 
the chips and the biomass electricity generated, again ultimately reflecting the power plant 
efficiency.  Table 37 provides characterizations of a current generation integrated gasification/ 
combustion power plant and a next generation thermochemical conversion power plant as 
described in Nechodom et al. (2008). In all cases, the supporting equipment energy use and 
emissions were assumed to be consistent with that of the current generation combustion plant 
characterized in Section 2.0 , with the exception of the use of grate grease, which was assumed 
only to be applicable in operations at the current‐generation combustion power plant.  The LCA 
Domain Report in Appendix 4 presents the inventory data used for the biomass power plant, 
considering the species of trees used and the heating values described in Section 2.0.  An 8 
percent transmission loss is also assumed when calculating total power plant efficiencies.   


 
Figure 9 - Life cycle energy consumption net assessment 
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In order to show the effects of power plant efficiencies, Table 37 presents the two other biomass 
conversion systems modeled for the final report of the B2E project.  These characterizations are 
important to understand in the context of the net assessment, which compares the assessment 
impacts depending on which technology is selected.  Power plant efficiencies range from 18% 
for the current generation combustion plant used in the gross assessment to 28% for the 
thermochemical conversion technology.  A complete characterization of all technologies used in 
the B2E project is available in the LCA Domain Report (Appendix 4) and in Nechodom, et al. 
(2008).   


Table 37. Power plant characterizations for net assessment comparison 


 


Current 
Generation 
Integrated 
Gasification/ 
Combustion 
Power Plant 


Next Generation 
Thermochemical 
Conversion 
Power Plant 


Electricity (kWh/dry ton)  1,200 1,400 


Plant Energy Efficiency  22% 28% 


Plant Emissions (lbs/mmBtu output)    


     NOX  0.067 0.0084 


     SOX  0.010 0.0016 


     PM  0.030 0.032 


     CO  0.070 0.042 


     NMVOC  0.018 0.0031 


     CO2  890 690 


     CH4  19 19 


     N2O  0.065 0.065 
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Table 38 presents the LCA results for all three power plant technologies based on the forest 
management net assessment, in which the managed acres are held constant in order to compare 
life cycle impacts from electricity generation. 


Table 38. Life cycle impacts of the three modeled B2E power plant technologies 


    Current 
Generation 
Biomass 
Combustion 
Power Plant 


Current 
Generation 
Integrated 
Gasification/ 
Combustion 
Power Plant 


Next Generation 
Thermochemical 
Conversion 
Power Plant 


Landscape managed  Acres  2,700,000  2,700,000   2,700,000 


Area treated  Acres  1,971,451 1,971,451  1,971,451


Total energy consumed  tera Btu  170  150   99 


Fossil energy 
consumed 


tera Btu  (120) (130)  (160)


Petroleum energy 
consumed 


tera Btu  (0.78) (0.96)  (1.50)


Climate Change  million tons CO2 
equiv 


5.90  4.60   0.37 


Acidification  million tons H+ 
equiv 


0.47   (0.02)   (0.43)


Smog formation  million tons NOx 
equiv 


0.24  0.23   0.22 


PM10 emissions to air  million tons  0.12  0.11   0.11 


 


3.4.  Landscape Greenhouse Gas Model  
The results from the LGHG model were found to be divergent from the results of the LCA 
model.  However, as a generalized model of GHG fluxes between above ground biomass and 
the atmosphere, it provides some useful insights.  According to the LGHG model, both the 
Reference Case and the Test Scenario show net increases in carbon in above‐ground live 
biomass.  Over the 40‐year timeframe of the B2E model, the Reference Case sequesters 
approximately 100,000 tons of CO2 from the atmosphere, while the Test Scenario removes more 
than 125,000 tons.  Even calculating the release of CO2 from powerplant operations, the net CO2 
sequestered in the forest remains positive when compared to the amount of CO2 released by 
fossil‐fuel generation.   
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The consultant report in Appendix 9 shows a positive relationship between thinning and 
reduction of CO2 and CH4 emissions.  When projected over a 100‐year timeframe (the 
commonly accepted time period during which CO2 “clears” from the atmosphere), Morris 
shows that the “net biogenic greenhouse gas reduction associated with treatments remains 
greater than 1 ton of CO2 equivalents per bdt of treatment removal…”. 


3.5. Wildlife Habitat Effects 
Wildlife habitat effects are measured through changes in vegetative structure.  The underlying 
data for analyzing habitat effects associated with any kind of disturbance, whether wildfire or 
treatments, are derived from the vegetation dynamics analysis.  Data extraction and 
assumptions are described above in the Approach section, and results are reported here in the 
following three categories:  (1) changes in forest structure; (2) impacts on forest‐structure 
associated species; and (3) changes in service providing units (SPUs).  A case study focused on 
American marten habitat was developed as a complement to the B2E project to test the 
sensitivity of the B2E habitat modeling against observed marten occupancy data in the Sierra 
Nevada.  Detailed results of effects on American marten habitat from disturbance regimes 
modeled in the B2E project are reported in Appendix 5. 


3.5.1. Forest Structure 
Changes in forest structure are measured by two variables: canopy closure and average tree 
diameter.  Prior to treatment, the B2E landscape was predominantly in a high canopy closure 
condition, with approximately 45% of the landscape characterized by dense canopy closure 
(greater than 60%  or D closure class), and 25% of the landscape characterized by moderate 
canopy closure (40 to 60% or M closure class).  The Reference Case, without treatment, resulted 
in an increase in the proportion of the landscape with dense canopy closure (D) from 45% to 
nearly 70% and a decrease in moderate canopy closure (M) to approximately 5%.  In contrast, 
the Test Scenario remained largely unchanged over the duration of the 40 year treatment 
period.  There was a significant difference in the three higher canopy closure classes in the 
Reference Case, with open (25‐40% orP) and moderate (M) canopy closure classes declining and 
the dense (D) canopy cover class increasing relative to the Reference Case.  


Prior to treatment, approximately 50% of the landscape (over 60% of the forested area) was 
occupied by small diameter forests (average diameter of 12 to 24 inches dbh; diameter class 4), 
with an additional 20% of the landscape (approximately 35% of the forested area) occupied by 
medium/large diameter forests (mature forest; average diameter >24 inch dbh; CWHR diameter 
classes 5 and 6).  Pole stands (diameter class 3) occupied  less than 3% of the landscape, with the 
remaining landscape occupied by non‐forested habitat conditions.   


The Reference Case and Test Scenario differed greatly in the amount of the landscape in small 
diameter (class 4) and medium/large diameter (class 5/6) forests.  In the Reference Case, the 
proportion of the landscape in small and medium/large diameter forests switched in dominance 
over the 40‐year period, such that at the end of the treatment period, 60% of the forested area 
was occupied by medium/large diameter trees and 30% occupied by small diameter forest 
(Figure 10).  In the Test Scenario, the proportion of the landscape in small diameter and 
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medium/large diameter forests converged over the course of the modeling period to where each 
diameter class occupied approximately 35% of the landscape (Figure 11).  No change occurred 
in the number of acres of pole forests (diameter class 3) in the Reference Case or Test Scenario.   
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Figure 10 - Changes in Diameter Class, Reference Case Define key. 
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Figure 11 - Changes in Diameter Class, Test Scenario Define Key 
 


CWHR forested habitat types are defined by a combination of vegetation type, canopy closure 
and average diameter.  Prior to treatment, nearly 50% of the landscape was occupied by small 
diameter forest with higher canopy closure (4MD), typically considered mid‐seral conditions, 
and most of the remaining forested area (20% of the landscape) was medium/large diameter 
with higher canopy closure (5/6MD), typically considered mature or old forest conditions 
(Figure 12).  Changes in average tree diameter made the greatest difference between the 
Reference Case and the Test Scenario.  In the Reference Case, the landscape was dominated by 
mid‐seral forests (4MD)  in the first decades, and changed to an old forest dominated landscape 
(5/6MD) toward the end of the modeling period (Figure 12).  Old forests increased from about 
25% of the landscape to about 50% of the landscape, whereas mid‐seral forests declined from 
nearly 50% of the landscape to 20% of the landscape by the end of the 40‐year cycle.  In the Test 
Scenario, mid‐seral and old forests equalized by the end of the treatment period, indicating that 
both treatment and fire resulted in a decline in old forest conditions. In addition, open‐canopied 
small diameter forest (4SP) increased slightly to 5 to 10% in the Test scenario.  
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Figure 12 - CWHR Types, Reference Case Define Key 
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Figure 13 – California Wildlife Habitat Relationships habitat types, Test Scenario 
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Patterns of change within old forest conditions (5MD,6), revealed that mid‐seral forests had 
approximately half moderate (M) and half dense (D) canopy closure, whereas almost all of old 
forests had dense (D) canopy closure (Figure 14).  Thus, prior to treatment, the landscape was 
two‐thirds mid‐seral and one‐third old forest conditions (one‐third each of 4M, 4D, and 5/6D).  
In the Reference Case, these three conditions diverged over the course of the modeling period, 
resulting in old forests with dense canopy closure increasing from 25% to 50% of the landscape, 
mid‐seral with dense closure declining slightly, and mid‐seral with a moderate closure nearly 
declining to zero.  In the Test Scenario, the three conditions diverged only slightly, with a slight 
increase in old forest characteristics with moderate closure.   


Within old forests alone, prior to treatment, none of the landscape fell into the medium to large 
diameter forest classification (diameter class 5) and only a limited amount of medium to large 
diameter forest remained on the landscape in both the Reference Case and Test Scenario by the 
end of the modeling period (Figure 15).  This reflects the modeling assumption that, as small 
diameter forests grow, they become multi‐layered old forests.  In the Test Scenario, it appears 
treatments in old forests on private lands result in mid‐seral conditions, whereas on public 
lands some remain old forests. This pattern reflects the differences in the types of treatments 
modeled on public and private lands.   


Stand diameter was based on the quadratic mean diameter of the largest 75% of all trees.  The 
use of this approach to determine average diameter is the reason so little of the landscape was 
classified as pole forests (diameter class 3).  It is also likely that this diameter calculation 
reduced the magnitude of changes observed as a result of biomass removal, which primarily 
consists of removing smaller diameter understory trees.  For example, if primarily smaller 
diameter trees are removed, then 75% of the remaining trees will consist of fewer small trees 
with a larger average diameter.  Since canopy closure, or the density of tree crowns relative to 
openings in the forest canopy, is a strong proxy for old‐growth forest habitat quality, this 
method is considered a legitimate means to measure habitat condition.  However, it is relatively 
insensitive to changes in the understory, that is, the conditions created by the smaller trees 
growing beneath the canopy.  Calculation of the quadratic mean diameter of all trees (not just 
75% of trees) would likely render a more accurate picture of the effects of fuels treatments on 
both forest structure and wildfire behavior.  
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Figure 14 - Mid-seral (diameter class 4) and old forests (diameter class 5/6) with moderate (M; 40-
60%) to dense (D, >60%) canopy closure, Reference Case   
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Figure 15 - Mid-seral (diameter class 4) and old forests (diameter class 5/6) with moderate (M; 40-
60%) to dense (D, >60%) canopy closure, Test Scenario   
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3.5.2. Forest Structure Associated Species 
Habitat guilds showed varied responses to changes in forest structure.  Prior to treatment, 
nearly 70% of the landscape was occupied by 21 to 40 old forest associated species (n = 59 
species total), followed by approximately 30% of the landscape occupied by 1 to 20 old forest 
species (Figure 16).   No major changes were observed over time or between the Reference Case 
and the Test Scenario – in both, the proportion of the landscape with 21 to 40 old forest species 
declined by around 10%.  However, in the Test Scenario the proportion of the landscape with 
greater than 40 species increased slightly (Figure 17).  The team found that, according to 
CWHR, multi‐layered old forests (diameter class 6) were considered to have lower suitability 
for a number of old forest associated species than single‐layered old forests (class 5MD).  Thus, 
as multi‐layered forests were replaced by other conditions (e.g., small and medium/large 
diameter forests), CWHR indicated that habitat conditions improved for some old forest 
associated species.     
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Figure 16 – Richness of old forest associated species (n = 59) supported across the landscape, 
Reference Case 
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Figure 17 – Richness of old forest associated species (n = 59) supported across the landscape, 
Test Scenario 
Patterns for old forest dependent species (which are a subset of 16 old forest associated species) 
were evaluated to see if they provided any additional information about the potential effects of 
harvest treatments on old forest associated species. Prior to treatment, nearly 40% of the 
landscape was occupied by the highest species richness class (>10 species), with the remaining 
landscape occupied equivalently (~20% each) by the other three richness classes (i.e., 0, 1‐5, 6‐10; 
Figure 18).  In the Reference Case, an increasing proportion of the landscape supported high 
numbers of old forest dependent species, following the pattern seen in the kinds of multi‐
layered forests mentioned above.  In the Test Scenario, the proportion of the landscape occupied 
by each of the richness classes did not change.  However, the treatments in the Test Scenario 
reduced the species richness index from the  highest richness class (>10 species) to the next 
lower richness class (6‐10 species) immediately following treatment, then appearing to recover 
at the end of the 10‐year growth period (Figure 19).   
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Figure 18 – Richness of old forest dependent species (n = 16) supported across the landscape, 
Reference Case 
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Figure 19 – Richness of old forest dependent species (n = 16) supported across the landscape, 
Test Scenario 
The richness of early‐seral associated species, that is, species that are best associated with the 
early stages of forest growth, (n = 118) followed the same pattern as changes in the prevalence 
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of mid‐seral and old forest conditions.  Prior to treatment, approximately half the landscape 
supported 1 to 20 early‐seral species, and the other half supported 20 to 40 early‐seral species.  
In the Reference Case, approximately half of the sites supporting 20 to 40 species were reduced 
to supporting only 1 to 20 species.  Little change was observed in the highest (>40 species) and 
the lowest (0 species) richness classes for early‐seral associated species (Figure 20).  In the Test 
Scenario, the richness classes remained relatively constant.  
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Figure 20 – Richness of early-seral associated species (n = 118) supported across the landscape, 
Reference Case 
 


The final habitat guild evaluated was the oak and acorn associated species (n = 44).  Prior to 
treatment, nearly 50% of the landscape supported 1 to 5 species, and nearly 30% of the 
landscape supported 5 to 10 species (Figure 21).  In the Reference Case, an increasing proportion 
of the landscape (approximately 10% more) supported fewer oak associated species (1 to 5 
species).  However a roughly equal proportion supported the highest species richness class (>10 
species) as seen in Figure 21.  In contrast, the Test Scenario appeared to slightly improve 
conditions for oak associated species.  Increases in oak associated species were significant with 
each increment of increasing treatment.  The indications of these results would be strengthened 
if the presence of oaks in conifer forests could have been considered.  However, data on the 
density of oaks was not available at the time of this analysis.  
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Figure 21 – Richness of oak and acorn-associated species (n = 44) supported across the 
landscape, Reference Case 
The analysis of exotic species richness was not very informative.  It simply showed that that 
proportion of the landscape with one or more exotic species started low (~10%) and did not 
change over time under the Reference Case or Test Scenario.   


3.5.3. Service Providing Units 
Seed dispersers (n = 22) and bioturbators (n = 15) had similar patterns of response within and 
among scenarios as early‐seral associated species – as illustrated by the seed dispersers, which 
declined over time in the Reference Case (Figure 22), but remained at similar or higher levels 
over time in the Test Scenario (Figure 23).   
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Figure 22 – Richness of seed dispersing species (n = 22) supported across the landscape, 
Reference Case 
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Figure 23 – Richness of seed dispersing species (n = 22) supported across the landscape in the 
Test Scenario 
Pollinators (n = 3) and decomposers (n = 13) showed no substantive change either over the time 
of the study or between the Reference Case and the Test Scenario.  Prior to treatment, less than 
10% of the landscape had one or more pollinator species.  No change was observed over time in 
the Reference Case.  However the Test Scenario did show a 5% fluctuation in the proportion of 
the landscape supporting one or more pollinators, varying between 5% and 10%.  Prior to 
treatment, 75% of the landscape supported one or more decomposer species.  Both the 
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Reference Case and the Test Scenario showed about a 5% decline in the proportion of the 
landscape supporting one or more decomposer species.    


Prior to treatment in the Test Scenario, approximately 15% of the landscape supported the 
highest richness (>40 species) of insect regulators (n = 93) and nearly 60% of the landscape 
supported 21 to 40 insect regulators, the second to the highest richness class for this guild. In the 
Reference Case, there was a 10% decline in the proportion of the landscape supporting the 
greatest richness of insect regulators, with a concomitant increase in areas that supported only 1 
to 20 species, indicating a modest decline in the ability of the landscape to support a diversity of 
insect regulators.  In the Test Scenario, the 20‐to‐40 species richness class declined and the 1‐to‐
20 species richness class increased by about 10% each, indicating a minor decline in the 
landscape’s ability to support a diversity of insect regulators as compared to the Reference Case.   


Over 70% of the landscape supported habitat suitable for one or more herbivore regulators (top 
carnivores; n = 9), with 50% of the landscape providing habitat for 3 or more species (Figure 24).  
In the Reference Case, the proportion of the landscape supporting the highest species richness 
(>4 species) declined nearly 20% to 3 to 4 species (Figure 24).  In the Test Scenario, only minor 
changes in species richness were observed and they appeared to balance out to minimal overall 
change in capacity to support herbivore regulators (Figure 25).  No substantive response in the 
richness of secondary herbivore regulators (n = 21) was discernable over time for either 
scenario.       
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Figure 24 – Richness of herbivore regulating species (n = 9) supported across the landscape in 
the Reference Case 
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Figure 25 – Richness of herbivore regulating species (n = 9) supported across the landscape in 
the Test Scenario 
 


3.5.4. American Marten  
Surveys of the B2E landscape and a new predictive model were used to evaluate whether the 
landscape could support reproductive populations of American marten.   


This element of the study was developed experimentally as an improvement in habitat 
modeling methods, comparing the results with the CWHR modeling used for the larger 
landscape.  Field data from the landscape supported the assumption that no suitable habitat for 
marten occurred below 5,000 feet.  Above 5,000 feet, modeling showed that the amount of land 
in old forest conditions (CWHR diameter classes 5 and 6 and canopy cover classes M and D) 
was the best predictor of American marten occurrence. Based on these data, the predictive 
model was used to determine the percent of the landscape in each of four categories of 
probability of occupancy:  none (< 10%), low (10 to 30%), moderate (30‐60%) and high (>60%).   


The predicted values from vegetation mapping for the B2E project area showed only a small 
amount (3%) of highly suitable habitat (Figure 26).  The majority of the B2E project area (89.9%) 
was characterized by habitat with low or no probability of occupancy (< 30%). The predictive 
model indicated that the western portion of the B2E project area (south of Lake Almanor) 
contained relatively little habitat that could support marten reproduction.  This finding is 
consistent with the lack of marten detections by surveys in this region (Tom Kirk, personal 
communication).  The west side was the most likely region to be used by dispersing martens as 
a corridor between known population centers located to the north and south.   
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Management scenarios had no appreciable effect on the amount of habitat suitable for marten.  
The only variable in the model that could be affected by forest management was the amount of 
old forest conditions (e.g., in CWHR 5M, 5D, and 6 habitat).  Old forest habitat (a characteristic 
of suitable marten habitat) increased more over time in the Reference Case than in the Test 
Scenario.  However, those increases occurred below 5000 feet, the typical lower elevation limit 
for habitat suitable for the American marten.  
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Figure 26 – Probability of occupancy within suitable reproductive habitat for marten (Martes 
americana) in the B2E landscape based on predictive models.  
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3.6. Cumulative Watershed Effects 
Cumulative watershed effects analysis assesses the potential movement of soil and water to 
approximate synergistic effects at a watershed scale.  A watershed may be defined differently, 
depending on the purpose and scale of the analysis: For the Beta landscape, watershed 
boundaries were determined by standardized Hydrologic Unit Codes (HUCs) at the 6th order of 
coding (U.S. Geological Survey 2009), which resulted in analytical units ranging in size from 
2,500 to 46,000 acres.  As described in the Approach section of this report, the CWE model is a 
disturbance‐based model that normalizes all disturbances (treatments, wildfires, and so forth) 
to an acre of road. The resulting metric of equivalent roaded acres (ERAs) is compared with its 
established watershed threshold of concern (TOC) to assess the potential for cumulative 
watershed effects. 


3.6.1. Total Equivalent Roaded Acres (ERAs) 
Figure 27 shows the total ERAs for all watersheds in the Beta landscape by year for both the 
Reference Case and Test Scenario.  The Test Scenario produced lower ERAs than the Reference 
Case, explained by the fact that treatments were effective in reducing the size and intensity of 
wildfires, as shown in the sections on wildfire and vegetation treatments in this report.  Soil 
erosion, as modeled through ERAs, was reduced accordingly by wildfire reductions. Industrial 
Private Forestry (IPF) lands are included in the figure as an reference point of some interest, 
given the ongoing concerns expressed by the public about potential watershed impacts of 
commercial harvesting.  This study shows that the impacts of no treatment under the Reference 
Case are slightly higher, as measured by ERAs, than IPF commercial treatments. 
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Figure 27 - Total Equivalent Roaded Acres by Year 
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Figure 28 shows ERAs by scenario, disturbance type and year.  The Reference Case scenario has 
the highest wildfire sediment ERAs and the Test Scenario has the lowest.  In the Test Scenario, 
the reduced ERAs from wildfire still exceed the increase in ERAs from treatment, which 
constitutes a net reduction.  Roads were held constant in both the Reference Case and Test 
Scenario. IPF treatments and IPF wildfire effects are also shown, as in Figure 28, to give an 
additional reference point for analysis. 
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Figure 28 - ERAs by year and disturbance type 
 


3.6.2. Cumulative Watershed Effects Analysis 
The findings of the cumulative watershed effects analysis strongly parallel the findings in the 
wildfire analysis.  The study shows that fuels treatments reduce the overall potential for 
cumulative watershed effects, as measured by ERAs, when compared to the effects of wildfire.   
Table 39 shows the risk ratios for the Reference Case and Test Scenario for those watersheds 
over the threshold of concern (TOC) for year 2006, 2016 and 2026.  (As described in the 
“Approach” section, the TOC is based on a watershed’s sensitivity to disturbance and the 
beneficial uses of its water. A watershed exceeds the TOC when the risk ratio exceeds 100.)  The 
Reference Case shows a higher number of HUC6 watersheds over TOC, and by a greater 
percent, compared to the Test Scenario.  
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Table 39. Risk ratios for watersheds over threshold by model decade 


   Reference Case  Test Scenario 
HUC_NAME 2006 2016 2026  2006 2016 2026
Stoney Creek 490    434    
Lower Last Chance 
Creek 488      413     
Clarks Creek 275      142     
McClellan Canyon 295      218     
Mc Dermott Creek 270      190     
Middle Last Chance 
Creek 258      177     
Pineleaf Creek 184      87     
Otis Canyon 122      35     
Lower Pine Creek 114      107     
Upper Red Clover Creek   572      216   
Dixie Creek   297      49   
Big Grizzly Creek   200      74   
Bald Rock Canyon   138      38   
Adams Neck   180      75   
Wild Yankee Creek   112      48   
Last Chance Creek   101      42   
Carman Creek     419    251
Antelope Creek     267    123
Clairville Flat     154    69
Seneca     172    143
 


In the Test Scenario, the treatments by themselves did not push any of the HUC6 watersheds 
over TOC.  In all cases, the TOC was exceeded due to modeled wildfires.  In watersheds that 
did not have fires modeled in them, there were more disturbances due to treatments and small 
increases in sediment, but not enough to exceed TOC.  The slight increase in sediment runoff by 
treatments was entirely compensated by the reductions in fire intensity and fire size in 
watersheds where wildfire was modeled.  Recovery from the effects of wildfire commonly 
happens in a relatively short time period (2 to 4 years). However, the initial adverse watershed 
effect can be severe if a high intensity rainfall event occurs shortly after the fire.  In the Test 
Scenario, the number of watersheds over TOC dropped from seven to one as a result of the fuel 
treatments.  An example, as seen in Table 39, is the change in the risk ratio of Upper Red Clover 
Creek, which decreased from 572 to 216 because the fuel treatments reduced modeled wildfire 
intensity.   


The following two Figures (28 and 29) compare watersheds in the B2E Beta landscape by 
threshold class for the Reference Case and the Test Scenario in model years 2006 and 2016. The 
fuel treatments moved a few watersheds from one threshold class to the next higher class, but 
none of the treatments exceeded the watershed threshold.  The B2E modeled wildfires moved 
the watershed well over TOC in most cases.  Treatments did not shift any of the study’s 
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watersheds over TOC.  Eight watersheds were shifted by treatments from over TOC in the 
Reference Case to under TOC in the Test Scenario in years 2006 and 2016. 


 
Figure 29. CWE risk assessment by watershed in 2006 model year 
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Figure 30.  CWE risk assessment by watershed in 2016 model year 


3.7. Economic Results 
The economic analysis of the B2E project was intended to span all domains wherein costs could 
be measured.  Pricing of non‐market values or ecosystem services was used where studies in 
the peer‐reviewed literature were deemed robust enough to warrant reporting in this study.  
Additional studies to prince non‐market ecosystem services were beyond the scope of this 
analysis. Reasonable attempts were made to capture values, such as recreation damage 
functions, where possible.  The analysis is intended to show benefit‐cost relationships, and does  
not attempt to resolve for economic efficiency.   


As with the other domains, the economic analyses were conducted on a Reference Case (with 
no treatments, but including impacts of wildfire) and a Test Scenario.  The detailed economic 
analysis can be found in Appendix 8.  Additionally, a spreadsheet model is available for 
download, and may be accessed through the Energy Commission’s web services. 


Table 40 shows estimates of the initial value of assets in the study area at risk to fire damage 
and fire‐related losses (in present value) to these assets over the 40‐year analysis period.  Of the 
$20.8 billion in initial value, timberland resources comprise more than $18.1 billion in asset 
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value, followed by structures ($2.4 billion), recreation resources ($117.8 million), infrastructure 
($102.3 million), and agricultural lands ($41.3 million).    


Table 40 - Study Area Market Asset Value Changes by Treatment Scenario (in millions of 2006 
dollars) 


 


Asset Type 


Initial 
Value 


Loss in Value Due to Fires 


Reference Case    Test Scenario 


  Agricultural lands  $41.3  $3.6    $2.8 


  Recreation resources  $117.8  $1.7    $0.95 


  Infrastructure  $102.3  $3.0    $1.9 


  Structures  $2,364.5  $43.0    $27.2 


  Timber  $18,144.2  $612.7    $385.6 


Total  $20,770.2  $664.1    $418.5 


Note: The loss in value for the treatment scenarios represents the accrued present value of 
the losses from fires over the 40‐year project period.   


 


The present value of losses due to fire over the 40‐year period is $664.1 million under the 
Reference Case and $418.5 million under the Test Scenario. The reduction in asset value losses, 
relative to the Reference Case, is attributable to timber harvest and fuels treatment activities 
associated with the vegetation management treatments under this scenario.    


Table 41 shows the annualized costs and revenues associated with the Reference Case and the 
Test Scenario.   The costs include capital and operations and maintenance (O&M) costs for fuels 
treatment and power production, and the revenues are those generated from the sale of power 
and saw logs, both from timber harvest and salvage activities.  (Note that the costs of timber 
harvesting are accounted for in saw log revenues in Table 41, which are revenues net of 
production costs.) The volume of chips generated by thinning activities are sufficient to fuel 
seven power plants at an average capacity of 9.8 MW per plant under the Test Scenario.   
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Table 41 - Annualized Costs and Revenues for No Treatment (Reference Case) and With Treatment 
(Test Scenario), in millions of 2006 dollars. 


 


Value Category 


Reference Case  Test Scenario 


Project costs: 
  Fuels treatment    


    ‐‐ Capital costs  N/A  $4.2 


    ‐‐ Operations & maintenance costs  N/A  $15.0 


  Power Plant Operations    


    ‐‐ Capital costs  N/A  $15.6 


    ‐‐ Operations & maintenance costs  N/A  $31.9 


  Fire suppression  $2.05  $1.6 


  Rehabilitation  N/A  $0.03 


Total costs  $2.05  $68.3 


Project revenues: 


  Power generation  N/A  $27.9 


  Saw logs from timber harvest  N/A  $72.3 


  Saw logs from salvage  N/A  $4.2 


Total revenues  N/A  $104.4 


 


Fuels treatments under the Test Scenario also produce biomass that would be available for 
power plant operations.  Based on treatment and transportation requirements under this 
treatment scenario, biomass fuel delivered to power plants would cost an estimated $68 per 
BDT.  Based on the modeling of power plant financials (see Appendix 10) power plant operators 
can pay up to $8.20 per BDT in order to achieve an acceptable rate of return on investment 
under the Test Scenario.  (The financial model assumed that power plant project investors 
would require a long‐term after‐tax return to equity of 14.5 percent to attract investment for a 
project.)  Barring some other source of revenue, such as revenue from steam sales or 
government grants, constructing and operating biomass power plants would not be feasible at a 
fuel cost of $68 per BDT.   


This last finding, that biomass plant operators may only be able to afford $8.20 per BDT for 
feedstock, is counterintuitive, and contradicted by the existing evidence of the biomass power 
industry in California (which typically pays between $25 and $45 per BDT for forest fuels).  
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However, it must be recognized that the current biomass power industry in California is in 
large measure dependent upon the subsidies for capacity payments under the federal Public 
Utility Regulatory Policy Act (PURPA), passed in 1978 in response to the 1973 energy crisis.  
Among its provisions was to require purchase of renewable power by investor owned utilities.  
In addition, biomass power plants negotiated prices for power that were typically at least 1.5 to 
2 cents above the wholesale price of electricity, under long‐term contracts.  In California, many 
of the biomass power facilities built in the late 1980s and early 1990s had retired their debt by 
2006, the year in which this analysis begins.  The combination of capacity payments and debt‐
free power sales accounts for the difference between the current (2006) market, and a greenfield 
power plant developed in 2006 without PURPA subsidies.  


From a broader societal perspective, subsidies based on the value of avoided asset losses and 
avoided fire suppression and rehabilitation costs could be offered to power plant operators to 
offset the relatively high cost of biomass as a feedstock.  Under the Test Scenario, the avoided 
fire damage to assets and reduced fire suppression and rehabilitation costs in the B2E landscape 
would total about $4.6 million annually.  When this asset benefit is incorporated into the power 
plant financials (by lowering annual O&M costs by $4.6 million), the analysis indicates  that a 
power plant operator could pay up to $54.80 per BDT for biomass fuel, while still achieving the 
targeted return on investment.  Fuel subsidies for biomass power plant operations of up to 
$46.60 per BDT ($54.80 minus $8.20) would be required in order to achieve break‐even based on 
total costs and benefits. 


Although environmental costs and benefits are not monetized and included in the economic 
analysis, results from evaluating effects of the treatment scenarios on habitat indicate that 
implementation of the treatment scenarios would likely have an overall beneficial effect that 
would positively contribute to the net present value of these scenarios.  On the other hand, the 
evaluation of carbon sequestration effects of the treatment scenarios indicate that, in the short 
term, carbon sequestration of the treated forest would be reduced and greenhouse gases would 
increase.  In the long term, however, the increased productivity and fire resiliency of the treated 
forest would result in a substantial and prolonged net decrease in the level of atmospheric 
greenhouse gases.  Effects on air quality would vary under the treatment scenarios, with CO 
and NOx emissions increasing and particulate matter, VOC, and SOx emissions decreasing over 
the four‐decade study period.  Overall, it appears that consideration of habitat, carbon, and air 
quality effects would likely contribute positively to the net economic value of the treatment 
scenarios. 
 


3.7.1. Conclusions and Key Findings 
The Test Scenario, which includes treating public and private lands, generates annualized 
benefits that exceed estimated costs, indicating that implementing the Test Scenario would 
incrementally contribute to net economic value.   


Vegetation management treatments on public lands in the Beta landscape cost an estimated $5.3 
million annually and  generate about $4.6 million annually in benefits from avoided asset 
damage (due to fire) and reduced fire suppression and rehabilitation costs, in addition to $22 
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million in saw log net revenues.  The benefits from vegetation management treatments (i.e., 
avoided asset damages and reduced fire suppression and rehabilitation costs) are relatively 
small in the context of total economic benefits of the Test Scenario, which are generated 
primarily by revenues related to the sale of sawlogs from vegetation treatments.  The relatively 
small effect on avoided fire‐related damages to agricultural, recreation, structural, and 
infrastructure assets from vegetation management treatments reflects the undeveloped and 
generally rural characteristics of the Beta landscape.  Only avoided fire‐related damages to 
timberland assets are significant.   


The estimated net operating deficit of power plants that use chips produced from forest biomass 
in the study area reflects the relatively high cost of producing and delivering chips.  Break‐even 
analysis indicates that, under the Test Scenario, the cost of chips for fuel would need to decrease 
from about $68 per BDT to about $8.20 per BDT for the power plants to be economically viable.  
Subsidies based on avoided asset damage and reduced fire suppression and rehabilitation costs 
would need to contribute an estimated $46 per BDT.    


Although environmental costs and benefits were not monetized and included in the economic 
analysis, results from evaluating effects of the treatment scenarios on habitat, carbon 
sequestration, and air quality suggest that consideration of these effects would likely contribute 
positively to the net present value of the scenarios 
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4.0 Conclusions, Observations and Recommendations 
Overall conclusions and recommendations of the B2E project can be summarized in four key 
categories, as briefly described below.  The following figure is repeated from the introductory 
section, as a reminder to the reader of the complex interactions of the processes modeled by the 
project.    Detailed recommendations for further model improvements or development are 
included in many of the appendices, pertaining to specific components of the B2E project. 


 
Figure 31 - Review of B2E Process Models and Results 
 


4.1.1. Scenario development recommendations 
Further development of the B2E model would include varying the size, spatial distribution, and 
types of treatments to determine the impacts of pursuing other goals and objectives on the same 
land base.  For example, the research team determined that further model development would 
include the following scenarios on PMU lands (with private forest land treatments being held 
constant): 


• Natural Disturbance Regime:  PMU lands managed to maximize long‐term biological 
diversity and integrity in the face of anticipated climate change dynamics 
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• Maximum Fire Resilience Regime:  PMU lands managed to maximize resilience to 
natural wildfire regimes, with aggressive reduction of fire severity; heavy thinning in 
most forest areas not specifically reserved for sensitive species habitat 


• Carbon Sequestration Regime:  PMU lands managed to maximize in‐forest carbon 
sequestration (i.e., harvested wood products not counted in C sequestration accounting 
scheme), while reducing risk to wildfire (as threat to Carbon assets) 


While these scenarios were not developed fully in the B2E Project analysis, the analytical basis 
for them has been recorded in treatment prescription specifications on PMU lands.  These 
specifications can be achieved either by application of algorithms to the existing tree lists (i.e., 
proportional changes in treated strata), or by altogether new runs of altered prescriptions on the 
original 2006 tree lists, generating new tree lists for each out‐year, as was done for the Test 
Scenario.   


4.1.2. Life Cycle Assessment Recommendations 
The life cycle assessment for the B2E project has provided important insights on at least two 
levels:  1) what has been learned about application of LCA principles to complex and multi‐
objective systems; and 2)  the quantifiable life cycle results of the Test Scenario compared with 
the Reference Case, and what it suggests for further research and development.   


On the first level, the team has concluded the following: 


1. It is possible to construct a set of interconnected forest operations and equipment 
characterization, fire behavior assessment, and the power plant analysis models in 
support of LCA.   


2. Data and models are available to represent the life cycle of a range of technologies for 
developing U.S. forest bioproduct systems.   Reliance on the discipline‐specific B2E 
project models (the forest operations and equipment characterization, the vegetative 
dynamics assessment, the fire behavior assessment, and the power plant analysis) 
combined with the U.S. EPA NONROAD and MOBILE models and the U.S. DOE’s 
GREET model provided a wealth of data for systems assessments.  Similar data 
availability is expected for technology alternatives, as demonstrated in the assessment of 
power plant alternatives.  However, shortcomings herein included the limited scope 
(e.g., the small number of impacts assessed, the omission of infrastructure construction 
models, and the limited number of possible treatment scenarios investigated), lack of 
uncertainty data for all assessments, and the need to project estimates for all models into 
the future.  These shortcomings do not appear to be insurmountable in the short term, 
and are recommended for future research. 


3. In addition to addressing scope and modeling shortcomings, there are a number of 
remaining forest bioproduct questions that can be explored with currently available 
data.  For example, investigations of power plant and transfer station citing and 
optimization of regional utilization of forest residuals, agricultural residuals, and bio‐
based municipal solid waste could be built around the data presented here. 
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4. Presentation of results in gross and followed by a variety of computational 
interpretations provide insights for decision making and a starting place for future 
assessments.   


On the second level, the LCA modeling and assessment work suggestions at least the following: 


1. The Test Scenario provides a net benefit for total energy consumption and reduces fossil 
and petroleum consumption when compared to the Reference Case.  Also, whereas the 
B2E power plant efficiency is critical to the overall energy balance, the consumption of 
fossil and petroleum fuels during harvest, chip transport, or power plant operation play 
a less important role. 


2. The Test Scenario results show an improvement for NMVOCs, CO, and SOx when 
compared to the Reference Case.  Alternatively, little difference is seen in NOx and 
PM10 emissions.  


3. Forest processes related to photosynthesis, plant respiration, decomposition of litter and 
soils, despite the uncertainty in estimates, are the most important to understanding 
whether or not the Reference Case and the Test Scenario contribute to climate change.   


Recommendations for future work include the addition of sensitivity analysis to the 
assessments, comparison of the results to related LCAs, consideration of additional process 
alternatives throughout the life cycle, and other aspects needed to complete the study as 
described in the goal and scope document.   


4.1.3. Wildlife habitat modeling recommendations  
The wildlife habitat modeling team calculated the probability of any given acre having certain 
structural conditions and being suitable for co‐occurring species in a given ecological grouping.  
Changes in the seral condition of forests were expected and observed to change as a result of 
forest management.  As expected, the starting probability of 23% of any given acre having a 
large average diameter increased under all scenarios, but increased twice as much in the 
Reference Case compared to the Test Scenario.  Canopy closure was expected to decline in 
harvested areas, and indeed the probability of a given acre having high canopy cover started at 
44% and went from a 50% increase in the Reference Case to a slight decrease in the Test 
Scenario.   The combination of large diameter and high canopy cover represents optimal old 
forest conditions, and we see the probability of this condition starting at near 20%, more than 
doubling in the Reference Case, and still increasing a modest 23% in the Test Scenario. 


The probability of a given acre supporting a high number (>20; maximum observed = 46) of co‐
occurring old forest associated species started high (66%), and experienced a minor decline for 
all the scenarios (see Table 42).  This response is attributable to the fact that many species 
associated with old forests are also associated with earlier seral conditions (e.g. American 
robin), so some will respond positively to a shift to more early seral conditions, while others 
will respond negatively.  The probability of conditions supporting a high number (>10; 
maximum observed = 14) of old forest dependent species closely followed that of high canopy 
cover conditions, with an over 30% increase in probability occurring in the Reference Case, and 
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a decline occurring in the Test Scenario.  Approximately half of the existing landscape is 
estimated to support a high number (>20; maximum observed = 81) of early seral associates.  
Habitat for early seral associates declined by nearly half in the Reference Case and showed a 
slight increase in the Test Scenario.   


The habitat analysis team examined a number of species groups that have been demonstrated to 
perform important ecosystem services.  Insect regulators consist of invertivores, and the 
probability of suitability for this group was high (nearly 75%) declined between 10 and 20% 
across all scenarios.  Seed dispersers is one group, and since it is comprised primarily of species 
associated with early seral conditions, suitability for the majority of these species was nearly 
identical to early seral associates.      


Table 42. Probability that any given acre will support a particular forest condition or suite of 
species as defined by ecological groupings, and how that probability changes with each scenario 


  Reference Case Test Scenario 
 


Attribute 
Starting 


point 
End point % change End point % change 


Large average 
diameter  
(>24 in) 


0.23 0.53 +134.4 0.37 +63.8


High canopy 
closure (>60%) 


0.44 0.68 +52.5 0.43 -1.4


High canopy 
closure and 
large average 
diameter 


0.22 0.49 +123.5 0.27 +23.3


Old forest 
associates  
(>20) 


0.66 0.57 -13.6 0.62 -7.5


Old forest 
dependents 
(>10) 


0.38 0.50 +34.1 0.37 -1.3


Early seral 
associates 
(>20) 


0.48 0.28 -41.7 0.50 +5.5


Insect 
regulators 
(>20) 


0.73 0.59 -19.7 0.65 -12.1


Seed dispersers 
(>5) 


0.42 0.21 -50.4 0.42 -1.5


 


4.1.4. Economic analysis limitations and recommendations 
Although benefit‐cost analysis is widely used in the analysis of regulations and public policy, 
the approach is based on a number of underlying assumptions that have been challenged over 
the years.  These assumptions include equating changes in income with social well‐being, 
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assuming that willingness‐to‐accept compensation and willingness‐to‐pay measures are 
essentially equal and substitutable, and using straight‐line discount rates.  According to Gowdy 
(2007), these and other basic assumptions underlying benefit‐cost analysis are coming under 
increasing scrutiny because the assumptions are at odds with observed human behavior.     


The successful application of benefit‐cost analysis to natural resource policy issues depends on 
a scientific understanding of underlying physical and biological processes that shape the 
valuation of environmental costs and benefits.  If these processes are not well understood, 
deriving valid estimates of monetary values is difficult.  Boyd (2007) addresses the 
measurement challenges inherent to valuation of ecosystem services in the B2E study area. The 
lack of observable data from market transactions greatly increases the challenge to monetizing 
most of the environmental costs and benefits from the B2E Project.    


Although sensitivity analysis was used to test the validity of certain conclusions drawn from the 
benefit‐cost analysis, a more rigorous application is needed to thoroughly evaluate the 
sensitively of the results to the omission of monetized environmental costs and benefits and to 
data uncertainties.  Conducting a comprehensive economic assessment at the B2E landscape 
would require a research effort that is an order‐of‐magnitude greater than this one.   


Effects of Population Growth and Future Land Use Development  
Although the economic analysis considered costs and benefits over a 40‐year analysis period, 
changes in baseline conditions due to external forces such as population growth, recreation 
growth, and urban development were not considered.  With the exception of tree growth in the 
supporting vegetation analysis, the economic analysis is considered static and does not account 
for important dynamic effects that would affect the value of assets at risk to wildfire.  


More research is needed to refine the damage functions and asset recovery rates that were 
incorporated into the benefit‐cost model.  This is partly responsible for the fact that 
rehabilitation costs are difficult to capture adequately in the economics model.  Rehabilitation 
costs associated with wildland fires are highly variable.  The per acreage rehabilitation cost 
estimate incorporated into the benefit‐cost model likely does not accurately capture probable 
rehabilitation costs within the study area.  Similarly, assumptions built into the benefit‐cost 
model concerning the number of acres that would be rehabilitated under each scenario may 
have considerable error.   


4.2. Benefits to California 
The Biomass to Energy project has contributed to California’s capacity to analyze forest biomass 
utilization opportunities at the landscape scale.  Even in draft form, the Secretary of the United 
States Department of Agriculture has identified the project as a “highly influential scientific 
assessment,” with implications for how the USDA Forest Service would use life cycle 
assessment to evaluate the benefits of biomass power. 


California has approximately 40 million acres of forest lands, nearly half of which are managed 
by private landowners.  The economics of private forest land management historically have 
constrained opportunities for effective and sustainable management.  The Biomass to Energy 
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project’s approach is likely to assist policy makers and landowners in evaluating 
comprehensive and long‐term benefits to the environment, as well as enhancing economic 
opportunities in forest‐dependent communities. 


The benefits of thinning forests, and using the waste products for energy production, are largely 
a matter of public choice and policy making.  Many of the benefits of managing California’s 
forests – such as reducing wildfire effects, saving fire suppression costs, providing clean air and 
water and other climate benefits – may be better reflected in future markets and public policy as 
a result of this project.  Biomass power is a rare form of renewable energy in that it provides a 
broad range of benefits at relatively low cost to the consumer and substantial ancillary benefits 
to the environment.  Further quantification and analysis, building on the work presented by the 
project, will help California’s policy makers and legislators evaluate how forest biomass will 
contribute to larger societal and environmental goals.   







 


Acronym Key 


Original Term Acronym/Abbreviation 
Biomass to Energy  B2E 
bone dry tons  BDTs 
USDI Bureau of Land Management  BLM 
California State Board of Equalization  BOE 
break‐specific fuel consumption  BSFC 
British thermal unit, one million Btu, one 
trillion Btu 


Btu, mmBtu, tera Btu 


Clearcut  CC 
CALFIRE (formerly California Department 
of Forestry and Fire Protection) 


CDF 


California Department of Fish and Game  CDFG 
methane  CH4 
carbon monoxide, carbon dioxide  CO, CO2 
Commercial Thinning  CT 
Cumulative Watershed Effects  CWE 
California Wildlife Habitat Relationships  CWHR 
diameter at breast height  dbh 
defensible fuels profile zone  DFPZ 
emission factors  EF 
Equivalent Roaded Acre  ERA 
Fire Emissions Joint Forum  FEJF 
Fire and Fuels Extension  FFE 
Forest Inventory Analysis  FIA 
First Order Fire Effects Model  FOFEM 
USDA Forest Service   Forest Service/FS 
Fuel Management Erosion  FuME 
Forest Vegetation Simulator (Model)  FVS 
Geographic Information System  GIS 
global warming potential  GWP  
hydrogen ions  H+ 
Inland California Southern Cascades  ICASCA 
Industrial Private Forests  IPF 
International Standards Association  ISO  
kilogram  kg 
kilowatt hour   kWh  
life cycle assessment  LCA 
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thousand board feet  mbf 
moisture condition  MC 
mean diameter  MD 
Megawatt/megawatt hour  MW/MWh 
nitrous oxide  N2O 
NFDRS  National Fire Danger Rating System 
National Environmental Policy Act  NEPA 
National Forest Management Act  NFMA 
Non‐Industrial Private Forests  NIPF 
non‐methane volatile organic compounds  NMVOC 
non‐greenhouse gas  Non‐GHG 
nitrogen oxides  NOx 
Public Conservation and Recreation  PCR 
Pre‐Commercial Thinning  PCT 
particulate matter, particulate matter less 
than 2.5 microns in diameter, particulate 
matter less than 10 microns in diameter 


PM, PM 2.5, PM10 


Public Multiple Use  PMU 
Restrictive Thinning  RT 
Salvage  SAL 
Stewardship and Fireshed Assessment  SFA 
Selective Harvest   SH 
sulfur dioxide  SOx 
strategically placed area treatment  SPLAT 
threshold of concern  TOC 
Tool for the Reduction and Assessment of 
Chemicals and Other Environmental 
Impacts 


TRACI 


Urban and Other  U 
United States Department of Energy  U.S. DOE 
United States Environmental Protection 
Agency 


U.S. EPA 


volatile organic compounds  VOC 
Watershed Erosion Prediction Project  WEPP 
Western Regional Air Partnership  WRAP 
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5.0 Glossary 
 
biomass 
 


non-commercial component of the wood produced in 
forest harvesting operations 


California Wildlife Habitat 
Relationships (CWHR) 


a state-of-the-art information system for California's 
wildlife. CWHR contains life history, geographic 
range, habitat relationships, and management 
information on 692 species of amphibians, reptiles, 
birds, and mammals known to occur in the state. 


catastrophic fire stand replacement or high intensity fires that cause 
damage to ecological and/or economic assets and 
values. The B2E Project also refers to these types of 
fires as uncharacteristically severe wildfires. 


defensible fuels profile zones 
(DFPZs) 


shaded fuelbreaks which are designed with the 
objective of providing a place to deploy firefighters 
in the event of a wildland fire.  Firefighters use 
DFPZs to make a stand to hold or contain a fire. 


domains discrete segments of modeling and analysis in the 
B2E Project 


ecological endpoints ecological functions that have a directly measurable 
human welfare function, and that can be quantified 
in an accounting system that makes them fungible 


equivalent roaded acre (ERA) equates all disturbances to one acre of road 
fire adapted forests forests that have evolved with wildfire  
fire line intensity behavior of the flames at the perimeter of the fire as 


it moves through vegetation 
First Order Fire Effects Model 
(FOFEM) 


a computer program developed to predict and plan 
for fire effects. First order fire effects are those that 
concern the direct or indirect or immediate 
consequences of fire. FOFEM provides quantitative 
fire effects information for tree mortality, fuel 
consumption mineral soil exposure, smoke and soil 
heating. 


national fire danger rating system 
(NFDRS) codes 


a Forest Service rating system which defines fuel 
models based on the primary carriers of fire 


service providing units categories of species including insect regulators, 
seed dispersers, decomposition aides, and herbivore 
regulators which provide ecological services to 
forest management 


side common term used by harvest contractors to denote 
a separate and distinct blend of harvest equipment 
conducting harvest activities as a separate operation. 


slash  woody residues that are generated in the forest from 
harvesting activities 


speciose  relative term for species richness 
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stated preference method a classification system for economic analysis. Stated 
preference methods fall into three primary 
categories:  a) contingent valuation, in which the 
respondent is required to make a comparison of 
value between the resource value in question and 
known trade-off values; b) travel-cost analysis, in 
which travel effort and investment constitutes a 
proxy for the value of the resource; and c) hedonic 
pricing, which uses property values as a proxy for 
the value of the resource as compared with 
comparable purchase prices.   


strategically placed area 
treatments (SPLATs) 


pattern of treatment areas distributed across a 
landscape oriented according to the prevailing wind 
direction in order to intercept a spreading wildfire 


thousand board feet (mbf) volume of the log based upon board foot measure. 
One board foot represents the amount of wood 
contained in an unfinished board measuring one inch 
thick, one foot long, and one foot wide. 


treatment activities  discrete management actions or events, such as 
thinning or understory burning.   


treatment prescription  a series of management activities applied over the 
40-year timeframe to a specific piece of ground 


tree lists, including The Larch forest inventory datasets which consist of (a) site 
reference information (plot location, inventory date, 
slope, aspect, elevation) and (b) the characteristics 
(species, size, canopy position, and so forth) of the 
trees sampled, including The Larch. 
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7.0 Appendices 
General note on appendices:  key terminology evolved throughout the course of this project.  
Most importantly, what became the Reference Case and the Test Scenario had early iterations 
that were based on separating Industrial Private Forest (IPF) from Public Multiple Use (PMU), 
creating a “third” interim scenario in order to analyze the impacts of IPF management apart 
from the broader landscape.  Thus, the following notice has been inserted at the beginning of 
each Appendix. 


Notice of Change in Scenario Naming Conventions  


Key assumptions, modeling structures and terminology were altered and refined to accommodate new thinking 
during the course of this study.  The reader will observe in the appendices that the scenarios are referred to as 
“Scenarios 1, 2 and 3” or “S1, S2 and S3.”   


In both the main text of the Final Report and in the Life Cycle Assessment appendix (Appendix 4), the former 
Scenario 1 (S1) was renamed to the “Reference Case.”  Scenario 3 (S3) has been renamed the “Test Scenario.”  
Scenario 2 (S2), focused on the relative contributions and impact of Industrial Private Forestry (IPF) has been 
eliminated from most of the analyses that make up the entire study.  These changes better reflect the focus of the 
study, which is fundamentally about the landscape level changes in wildfire, habitat, and other dynamics.  The 
modification of terminology do not substantively affect the findings or recommendations of the study. 


 


7.1. Appendix 1:  Landscape Vegetation Changes (Barber, Perrot, et 
al.) 
Describes the sources of data and the modeling processes used to establish the inventory and 
changes in vegetation on the B2E Beta landscape.  Approximately 65 pp. 


7.2. Appendix 2:  B2E Fire Behavior Domain (Ganz, Saah, Barber, et 
al.) 
Explains processes of using vegetation modeling outputs and applying fire behavior models to 
each of the scenarios during each modeling time period.  Approximately 10 pp. 


7.3. Appendix 3:  Forest Operations and Equipment Configuration 
(Mason, Hartsough, et al.) 
Describes all equipment used in the life cycle assessment and analysis, including variations 
under different treatment prescriptions and land management regimes.  Approximately 10 pp. 


7.4. Appendix 4:  Life Cycle Assessment of Producing Electricity 
from California Forest Wildfire Fuels Treatments (Cooper) 
Presents a detailed report on the life cycle assessment model developed to integrate life cycle 
inventory information, calculate impacts and support LCA interpretations.  Approximately 78 
pp. 
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7.5. Appendix 5:  Wildlife Habitat Evaluation (Manley, et al.) 
Reports the methods, data sources and analyses used to assess wildlife habitat conditions under 
all scenarios. Includes a case study on American Marten, which demonstrates alternatives to 
using California Wildlife Habitat Relations (CWHR) data and modeling.  Approximately 68 pp. 


7.6. Appendix 6:  Cumulative Watershed Effects Analysis (Wright, 
Perrot, et al.) 
Uses results of vegetation and fire dynamics modeling to model cumulative watershed effects 
on the B2E beta landscape.  Approximately 20 pp. 


7.7. Appendix 7:  Counting Ecosystem Services:  Ecological 
Endpoints and their Application (Boyd) 
Presents an independent consultant report on new methodologies developed for the B2E 
landscape using “ecological endpoints” as a means to focus and narrow the description and 
valuation of ecosystem services.  This appendix is not technically a part of the Energy 
Commission contract; the research and writing was funded separately by USDA Forest Service, 
Pacific Southwest and Pacific Northwest Research Stations.  Approximately 55 pp. 


7.8. Appendix 8:  Project Economic Analysis (Wegge, Trott and 
Barnett) 
Presents methods, applications and results of the economic analysis, including data derived 
from the Excel spreadsheet model developed for the B2E project.  Approximately 57 pp. 


7.9. Appendix 9:  Landscape Carbon Model (Morris)  
Describes in an independent consultant report forest landscape level greenhouse gas changes 
through wildfire, treatment and forest decay over the 40 year modeling period of the B2E 
project.  Approximately 23 pp. 


7.10. Appendix 10:  Power Plant Analysis for Conversion of Forest 
Remediation Biomass to Renewable Fuels and Electricity (Schuetzle, 
Tamblyn, Tornatore, et al.) 
Analyzes five powerplant technologies for the B2E project, three of which are included in the 
life cycle assessment domain.  Two additional technologies included options for ethanol or 
other liquid fuel production, and were not directly used in the life cycle assessment because of 
the differences in outputs.  The additional technologies were analyzed in anticipation of further 
work stemming from the B2E project that would include a life cycle assessment for 
transportation fuels. Approximately 6 pp. 


7.11. Appendix 11:  Synthesis of Economic Valuation Studies of 
Forest Landscape Disturbances (Berkenklau) 
Synthesizes in an independent consultant report the broad range of research on the economic 
valuation of disturbance on forested landscapes.  Approximately 12 pp. 
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7.12. Appendix 12:  Biomass to Energy Project Team, Committee 
Members, and Project Advisors 
Lists the members of the research team, the Technical Advisory Committee and the Policy 
Advisory Committee.  
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Climate Solutions Council

Comments on Preliminary Plan

Dear Members,

Thank you for dedicating time away from your normal jobs to serve the people of Montana on this extremely important issue affecting every Montanan whether they realize it or not. We have a decade to bring about substantial changes to our use of fossil fuels and set our economy on a very different path. And then two more decades to fossil carbon neutrality and then drawing down the CO2 in the atmosphere by 2050. I have a deep background in Forest Ecology, Forest Management, Carbon Cycling and the role of forests and their products (including energy production) in climate change.

The current covid 19 pandemic is an important lesson for approaching climate change. “Everything we do before a pandemic will seem alarmist, everything we do after will seem inadequate.” Michael Leavitt 2007 HHS Secretary. We are learning the truth of this statement as we are all severely restricted in where we go and what we do in response to covid 19. The same can be applied to climate change. The difference between the two is covid 19 plays out in days and weeks whereas climate change has taken decades. We are running out of time to make the changes for climate change to avoid catastrophic economic, environmental and social effects. This council is tasked with mapping out the path forward. You have to think big and bold and recommend dramatic actions that fit the scale of the problem in front of us, just as we are attempting to do with covid 19 in real time.

Forests in Montana, the US and internationally and their management are extremely important to achieving these changes. Their role in outdoor recreation, watershed benefits, wildlife habitat, carbon capture and storage in trees and short and long-lived products is substantial. Our forests can either be a negative carbon source further aggravating climate change through mega-fires and insect and disease epidemics or they can be a sink helping solve the problem. 

Many of our forests are also in need of management to help them adapt to the new climate we have already started to experience, from the megafires to bark beetle outbreaks. These management needs provide opportunities for innovation to capture and use the biogenic carbon that has been stored in the overstocked forests. Federal forests must be part of these actions. The harvest and use of wood products are enmeshed in all three committees and thus it is important to tie them all together as stated in Guiding Principle #5 for Effective Adaptation. Many of my comments relate to forests and their role but not exclusively.

The reports and recommendations do not address embodied energy and CO2 content, which is the energy/CO2 needed to make a product. Some materials are very high such as concrete, steel, aluminum, glass, etc. Wood has a very low content by comparison because the sun’s energy drives the creation of it. And in Montana our sawmills on average use 86% renewable energy, so the fossil carbon content is very low by comparison.  Embodied energy is extremely important because all the CO2 released for a building or bridge is released at the time of construction, whereas the CO2 released by operations (heating, cooling and lighting) accumulate over time. Both are important to address but given the time frame the IPCC provides to avoid the 1.5 degree increase we need to make as much of the change as possible that is front end loaded. By addressing both the embodied energy and operational/maintenance energy the built environment can become a carbon sink rather than a source. Please make this an explicit part of the recommendations.

In the attached are my comments embedded in your preliminary recommendations. I only comment on items that I thought had been missed, needed further articulation or I disagreed with. The portions without comment I find acceptable or don’t know enough about to comment thoughtfully. There is some redundancy where topics overlap between the three sections, which I have left on purpose. I think it is important the document make explicit the interconnected nature of many of the recommendations.

My final contextual comment is that there is a policy tool that provides the fundamental carrot and stick for the vast majority of my comments and many of the recommendations in the preliminary plan. A national carbon fee and dividend that places a relatively low price on fossil carbon initially but steadily rises over the next three decades is essential to sending a clear signal throughout the whole economic chain of products and services for which it is used. The Governor’s E.O. calls for fossil carbon neutrality by 2050 throughout the whole economy, to achieve that requires a mechanism that will penetrate the whole economy, a carbon fee can do that. To achieve equity for the citizens of Montana and the whole country, I recommend all the money collected be returned to citizens on a per capita basis, less administration costs and funds to cover displaced workers. The policy should include a border trade adjustment to protect American businesses and a rebate for carbon capture and storage through both technical and biological means. The dividend provides the funds to families to adapt their lifestyle to a low fossil carbon economy, by buying a low carbon vehicle or installing solar PV or heat collectors, insulating their house and replacing windows, etc. The dividend is flexible for families to choose the system that best fits their situation.  A strong endorsement of a federal fossil carbon fee and dividend by this diverse group is needed to motivate our federal representatives in congress to pass legislation.

A key consideration is that society is already paying for the changing climate effects, by landowners, businesses, families, local, state and federal government agencies suffering the costs of drought, wildfire, detrimental health effects of smoke, cancelled recreation visits, etc; however the costs are external to the price of fossil carbon and thus there is no price signal sent to producers and consumers to change their behavior. Let’s establish a market signal that will change behavior of every entity just described.

Here are a few examples of how behavior would change:

· How different would utilities whether Coops or NWE’s 20 year plans be different if there was a steadily increasing price on fossil carbon for the next 30 years? They and their energy providers would have a very different set of costs to consider and would change their approach, including carbon capture and storage.

· Local and state government investments in buildings would be changed. The city of Missoula is finishing a new 3 storey library that fills and entire city block. It was built with concrete and steel which both have very large embodied energy/fossil carbon content. They did not use mass timber because apparently the cost was higher for wood. If a price on fossil carbon existed at the time of planning and design the structure it would likely have had a different outcome, as would most private construction projects.

· Individuals would make different choices for their transportation purchases if they knew the price of gasoline/diesel was going to go up steadily for the next 30 years.

Attached is a word version of the preliminary recommendations and questions with my comments, questions and suggestions embedded using tracking changes.               

Submitted with respect and admiration for this most important task you are helping the state address. Please contact me if you have any questions related to my comments.

Sincerely,

David C. Atkins   

406-396-7779                                                                                 
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Introduction

On July 1, 2019, Governor Bullock issued Executive Order 8-2019, creating the Montana Climate Solutions Council and joining the State of Montana to the U.S. Climate Alliance. The Council is tasked with providing to the Governor a Climate Solutions Plan, by June 1, 2020, that provides recommendations and strategies aimed at preparing Montanans for climate impacts; reducing greenhouse gas emissions—including achieving an interim goal of net greenhouse gas neutrality for average annual electric loads in the state by no later than 2035 and a goal of net greenhouse gas neutrality economy-wide at a date to be determined by the Council; advancing the research, development and commercialization of new technologies necessary to meet these goals; and addressing the needs of communities and workers in transitions through economic and workforce development efforts.

Montana’s climate is already changing. Our temperatures are 3 degrees warmer on average than they were just a few decades ago; early spring runoff is impacting our water availability and causing flooding; our fire seasons are by some estimates 78 days longer than they were 30 years ago and by most accounts more severe. In 2017, the state experienced our largest and most expensive fire season on record since the big burn of 1910. We had double the incidence of respiratory related ER visits in affected counties; we endured periodic waves of evacuations; and tragically, we lost the lives of two wildland firefighters. The state lost up to 800,000 visitors due to 2017 fires and smoke, resulting in an estimated loss of $240.5 million in visitor spending. According to the Montana Climate Assessment (MCA), the State could experience an additional 3-7 degrees increase in average temperatures by mid- century, including an increase in incidences of extreme heat that could dramatically increase many of these impacts moving forward.

Within our state borders, we have also begun to experience transitions in our economy and our energy sector that reflect the changes that are happening across our nation and around the world. How the state elects to respond to the shifting demands and needs of the global economy can help assure our sustained economic growth and position us to continue to provide the food, energy, products,
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technology, tourism opportunities and other goods and services to the nation and the world that drive our economy.

Planning for climate change can help the state prepare for risks amid these uncertainties. Not only does the state face a series of physical risks tied to a changing climate, the state and our businesses also face a series of fiscal, economic, financial and policy risks tied to the changes happening around us. Planning for climate change not only helps us manage the costs tied to these risks through proactive efforts to manage risk and uncertainty, it also offers opportunities for the state to capture and localize the market for innovation happening in response to climate challenges, offering a chance for the state to both safeguard our traditional strengths, and diversify and grow new opportunities for our future. While there are many benefits to climate planning and action, many members of the Council stress that great care must be taken to evaluate individual policies to determine the implications for issues like costs, equity across communities, and reliability of our energy system.

The Climate Solutions Council invites the public and partners to provide comment and feedback on this preliminary report. The preliminary recommendations, dissenting views and key questions reflect the early thinking of Council members and are provided in this draft to encourage upfront engagement as the Council deliberates toward its final product in June. Comments may be submitted to ClimateCouncil@mt.gov through March 31, 2020. Additional information regarding the Council, including meeting notes, composition, the Governor’s Executive Order, the Council’s Charter and other background is available at: https://deq.mt.gov/Climate.



Over the coming months, the Council looks forward to working with partners to refine these recommendations and to build the policies, programs and partnerships that will be required to ensure effective implementation. Responding to the challenges and opportunities associated with climate change in Montana will ultimately require a durable and sustained commitment on the part of citizens, businesses, neighbors, partners and our elected officials.





1. Preparing Montanans For Climate Impacts

Climate change-driven severe weather events like wildfires, drought, and flooding, continue to threaten people, communities and businesses across Montana. The State must prioritize efforts that will prepare our communities, infrastructure and economies for anticipated climate impacts. This includes ensuring that our natural resources - our farms, forests, rangelands, wildlife and water supplies - continue to sustain our livelihoods and quality of life. Building resilience will require addressing current climate variability and recent extreme events as well as preparing for future change and emergent threats.

Given recent climate projections, there is an urgency to strengthen efforts across Montana.

The Climate Solutions Council established the Climate Adaptation, Information and Decision Support Committee to develop strategies to prepare the state for climate impacts. Adaptation knits together a range of activities from translating science into usable information to building the partnerships required to implement strategies that reduce risk. The practice of adaptation commonly includes five general stages: 1) awareness, 2) assessment, 3) planning, 4) implementation, and 5) monitoring.



A foundation of the best available science and locally relevant knowledge, experience, and information is critical to inform decision-making. However, sound science and information alone are insufficient to effectively manage climate related risks—efforts to translate that science into accessible information and to build capacity, outreach, and delivery mechanisms in response to the needs of government agencies, tribal nations, land managers, business owners, non-profits, and individuals is often necessary. Planning exercises can assist decision makers in assessing vulnerabilities and identifying appropriate strategies to minimize or eliminate risks. In the end, effective adaptation is an iterative process that requires taking action to reduce risks as well as a commitment to monitoring results and learning from successes and failures, and a willingness to try a different approach if necessary.

Montanans have diverse experiences planning for climate impacts, including efforts at municipal, county, watershed and Tribal Nation scales. Committee members discussed their past experiences involving Climate Smart Missoula, the Blackfeet Nation, Montana Disaster and Emergency Services, the Montana Climate Office’s work with state agencies to develop early warning systems for drought and flooding, research and community engagement from the Montana University System, and the Department of Natural Resources and Conservation’s work with federal partners in the Upper Missouri River Headwaters through the National Drought Resiliency Partnership. Council members also reflected on the findings and process used to develop the National Climate Assessment and the 2017 Montana Climate Assessment, including the state-based workshops, questionnaires and listening sessions used to guide the MCA’s development. Based on these experiences and best practices, Council members identified the following guiding principles for effective adaptation.





GUIDING PRINCIPLES FOR EFFECTIVE CLIMATE ADAPTATION:





1. Montana agencies, communities and stakeholders should approach climate change and its impacts with an understanding of the state’s geography, culture, history, economy, and resources.

2. Addressing the impacts of climate change requires robust, community-driven and bottom-up planning based on an understanding of climate projections and the specific vulnerabilities and risks that different sectors and communities will experience, including a focus on explicit goals and effective actions to build resilience.

3. A common framework using the best available science to develop adaptation plans can help highlight commonalities and differences across the approaches used by different jurisdictions and sectors, facilitating comparison and learning among users and the identification of best practices.

4. Recommendations should build on and be integrated into existing programs wherever possible.

5. Adaptation efforts should be coordinated with related efforts, especially strategies to reduce emissions and foster innovation to achieve multiple beneficial outcomes and synergies.

6. Communities cannot do adaptation planning individually and without support. The state needs to provide coordinated assistance to gather and share information, build and support networks and partnerships among communities, universities, non-profit and philanthropic organizations, provide sustained funding for planning, and leverage federal dollars and capacity.



Committee members developed, and the Council has advanced, the following early recommendations for public and partner input. Additional details may be found in the Committee’s white papers found on the Department of Environmental Quality’s Climate Solutions Council website.





Preliminary Council Recommendations:

[bookmark: _bookmark0]1A: SUPPORT A COMMON FRAMEWORK FOR PREPARING FOR CLIMATE IMPACTS AT MULTIPLE SCALES BY GROWING AND SUSTAINING CLIMATE SCIENCE AND INFORMATION DEVELOPMENT



Key Strategies:

· Expand staffing and capacity of the Montana Climate Office to build upon current efforts to analyze historical and projected climate trends, and contribute to assessment and adaptation needs.

· Sustain periodic and ongoing climate assessments led by the Montana University System informed by the needs and expertise of state, local and tribal nation governments, businesses and stakeholders.

· Further develop and support the Montana Climate Data Layer Under the Montana Spatial Data Infrastructure and Montana Library based on the work of the Montana Climate Office and ongoing assessments.





[bookmark: _bookmark1]1B: ESTABLISH A CLIMATE ADVISORY COUNCIL WITHIN THE MONTANA UNIVERSITY SYSTEM TO COORDINATE RESEARCH AND ASSESSMENT NEEDS AND FACILITATE EXTENSION OF CLIMATE INFORMATION AND SERVICES TO MONTANANS



Key Strategies:

· Prioritize and conduct research with University Social Scientists to better understand the climate information needs of agricultural producers, forest land managers, tourism and recreation businesses, state, local and tribal governments and other stakeholders in Montana.

· Provide guidance and strategic direction to the Montana Climate Office on matters related to climate modeling priorities, information dissemination, decision support tools, and technology application for resource management.

· Develop and coordinate a network of Climate Extension Specialists with possible shared appointments between the Montana Climate Office, Tribal Colleges, MSU Agricultural Experiment Stations, MSU Extension, and the Montana Forest and Conservation Experiment Station in coordination with relevant state agencies. Use this network to support a communications strategy for target audiences and to support capacity needs for planning, grant applications and other user needs.



· Co-develop, field test, review and evaluate adaptation programs and strategies to identify best practices and lessons learned and ensure strategies deliver results and effective risk management for end users.

· Further develop drought and flood early warning systems to support community, tribal, state and federal responses.

· Develop county and municipal scale climate data toolkits to support efficient local adaptation planning.



[bookmark: _bookmark2]1C: BUILD COMMUNITY RESILIENCE TO CLIMATE CHANGE THROUGH EFFECTIVE PLANNING



Key Strategies:

· Support the Climate Smart Montana network as a platform for communities to share ideas, processes, lessons learned, and resilience plans, so that no community needs to reinvent the wheel.

· Leverage the experiences of practitioners across the state to develop a roadmap and toolkit for planning such as building from ongoing efforts of the Department of Commerce’s Montana Ready Communities Initiative.

· Develop strategies to integrate climate adaptation with disaster mitigation plans, wildfire plans, drought and flood plans, and others that can support resilience planning and facilitate implementation.

· Incorporate strategies from the forthcoming assessment of climate-related health risks and monitor climate-related illnesses to support local, regional and tribal health providers in response to extreme climate events such as extreme heat, vector-borne diseases, water-related illnesses, food safety and nutrition, wildfires, allergens and air quality, and mental health.

· Learn from and integrate traditional and indigenous knowledge into adaptation efforts.

· Build on and complement the climate adaptation work already happening on tribal lands

throughout the state, while recognizing the leadership provided by Montana’s sovereign tribal nations.

· Explore opportunities to integrate adaptation planning with planning to reduce greenhouse gas emissions, especially when solutions offer local resiliency to potential regional energy disruptions, and further local economic development goals.

· Be attentive to a range of co-benefits, as strategies are developed and implemented.





[bookmark: _bookmark3]1D: ADAPT MONTANA’S BUILT ENVIRONMENT TO CLIMATE CHANGE



Key Strategies:

· Integrate adaptation actions with the Montana Disaster and Emergency Services Division’s Hazard Mitigation Programs by working with communities to identify their highest priority risks



and vulnerabilities and implement hazard mitigation plans that incorporate climate impacts. Evaluate vulnerabilities for Montana’s critical infrastructure (roads, bridges, power lines, telecommunications etc.) and develop coordinated federal, state, local and tribal nation resiliency strategies where needed.

· Ensure local governments have access to updated information concerning current and future high-risk floodplain and wildfire prone-wildland urban interface zones. Support state and local code updates to further reduce risks and impacts.MT DNRC will develop template codes and construction material and methods guidelines for cities and counties to consider adopting  for development in the wildland urban interface and floodplain zones. Including sample landscaping guidelines and codes.

·  (
Quality’s Smoke Management Program, highlighting the ability to use prescribed fire for forest
) (
e
 
Department of Environmental
)Implement active management across ownership boundaries to reduce wildfire risks and sustain watershed functions as identified in Montana’s updated Forest Action Plan. Implement an engagement process to educate and inform stakeholders on the

the need for funding to improve smoke management

 (
fuel
 reduction on a year-round basis and
)forecasting.

· Prescribed burning across the landscape and in and around buildings is an essential tool for reducing wildfire risk. State law regarding liability needs to be changed in Montana to encourage landowners to do more of it. The governor will establish a task force from DRNC and the EQC to look at other states laws and develop proposed legislation to address this issue.

· Support local governments to integrate flood, disaster, and wildfire protection planning with community land use planning and decisions when requested by local officials.

· Ensure local infrastructure such as schools, hospitals, community centers, and shelters incorporate adaptation strategies to address the needs of the young, sick, aging and other vulnerable populations related to climate impacts such as smoke and air quality, extreme heat, flooding, winter emergencies and distributed energy needs.

· Expand the use of nature-based solutions that use natural systems, mimic natural processes, or work in tandem with traditional approaches to address natural hazards like flooding, erosion, drought, and heat islands. Incorporating these nature-based solutions in local planning, zoning, regulations, and built projects can help communities reduce their exposure to these impacts, resulting in reduced costs, economic enhancement, and safer, more resilient communities. Examples include urban park development, beaver mimicry, wetland and riparian restoration etc.

· Increase urban forest canopy in communities large and small to provide cooling shade, sustain public health, capture carbon and reduce energy consumption. The governors office will work with the EQC to evaluate the economic benefits of state investments to achieve this and draft legislation.





[bookmark: _bookmark4]1E: PROTECT OUTDOOR RECREATION AND TOURISM RESOURCES TO MAINTAIN A DIVERSE AND HEALTHY ECONOMY, POSITIVE MENTAL AND PHYSICAL HEALTH OUTCOMES, AND A RESILIENT, HIGH QUALITY OF LIFE FOR RESIDENTS AS WELL AS VISITORS



Key Strategies:

· Develop and strengthen networks of outdoor recreation and tourism professionals across agencies, jurisdictions and the private sector to improve collaborative approaches to identifying risks and vulnerabilities and to adaptation planning.	Comment by OWner: Who is responsible for doing this? If you don’t identify which agency is responsible then it won’t get done.

· Poor air quality from smoke in the summer from wildfires is a significant threat to every aspect of this topic. Harvesting trees and other mechanical treatments combined with planned burns can significantly reduce the amount of smoke produce from a wildfire.	Comment by OWner: This is an item that has strong linkages to section 2 on GHG emission reductions. Proactive fuel reduction that includes harvest can help store carbon in long-lived products and can reduce the need for fossil carbon emissions for energy production. This is a strong synergy related to principle #5

· Develop climate information and tools specific to the outdoor recreation and tourism sectors and include climate adaptation strategies related to outdoor recreation and tourism in local plans and policies such as parks and recreation plans and hazard mitigation plans.





· Identify and support funding strategies to address local business recovery needs, particularly in the travel and tourism sectors, associated with extreme weather events.



[bookmark: _bookmark5]1F: BUILD THE RESILIENCE OF MONTANA’S PRIVATE AND PUBLIC WORKING LANDSCAPES (FARMS, RANGELANDS, AND FORESTS) AND SUPPORT VOLUNTARY AND INCENTIVE-DRIVEN EFFORTS FOR CLIMATE SMART MANAGEMENT THAT REDUCES RISKS, IMPROVES BOTTOM LINES, AND ENHANCES CARBON STORAGE IN SOILS, FORESTS AND WOOD PRODUCTS



Key Strategies:

· Recognize Montana agriculture producers for their high adoption rates of soil health practices including no/conservation tillage and cover crops, improved grazing systems and efforts to maintain and restore native rangelands.

· Explore partnerships with producers and their associations to research conservation practice adoption factors, cost savings, and climate related co-benefits, such as carbon storage, increased water holding capacity in soils, and reductions in pest and disease risks.	Comment by OWner: We need more widespread adoption of these practices not just research.  Research is important to help document carbon gains so that farmers, ranchers and forest landowners can get paid for additional carbon capture and storage. I think two different bullets separating the research and the straight-up adoption. We can use the existing state and federal extension programs to speed up adoption.

· Within one year MT Department of Ag and Extension will work with the USDA Agricultural Research Station, NRCS soil survey experts and MT University experts to identify which crop soils can benefit the most from additions of nutrient loaded biochar. This practice will help reduce the need for chemical fertilizers and increase water holding capacity which will buffer the farmers in drought conditions and increase production in normal or better moisture years, all while sequestering carbon for centuries.	Comment by OWner: Existing research demonstrates the efficacy of this technique it needs to be expanded and the research extrapolated to the soil survey data across the state.  This should also connect with the ability of landowners to get paid for carbon sequestration on their lands. It is a great synergistic effort benefiting adaptation and mitigation goals using innovative science and technology.

· MT Department of Ag and Climate Office Ppartner with USDA resources like the Climate Hubs, NRCS, USFS State and Private Forestry and Rural Development to explore accelerate adoption of farm-scale and regional on farm conservation and energy planning strategies. and aAlign state and federal funding programs to support producer-identified implementation priorities.

· Explore opportunitiesMT DNRC, Dept of Ag partner with their counterpart USDA agencies, companies like Blue Forest Conservation and ngo’s to establish pilot demonstration projects for Montana farmers, ranchers and forest landowners to diversify income streams through emerging carbon markets by developing pilot projects or programs that aggregate and quantify enhanced carbon managementin the next two years. Consider other creative efforts that reward producers for climate resilience and carbon management such as cost-share or insurance premium reduction payments, marketing and labeling tools and others.

· Some MT forests are too dense with trees and need trees to be removed with fire or harvest or a combination of both. Some forests are understocked and could store more carbon if trees were planted and some forests are rapidly growing but are nearing an economic maturity. All these forests could benefit from a carbon storage payment system that can be part of a carbon fee and dividend policy. Management guidelines for additional carbon storage and resilience to fire, insects and disease needs to be published and shared with landowners/managers so that carbon pricing can be managed in a way that creates synergies between climate resilience, wood production and carbon capture and storage. A partnership between MT DNRC and Extension, UM College of Forestry, USFS Rocky Mountain Research scientists should be established to develop these guidelines in the next 12-18 months.

· Target Farm Bill programs to private working lands that support drought, watershed and wildfire resilience needs.

· Develop a partnership between MT Department of Commerce, DNRC, USFS, Rural Development and private investors and philanthropy funds to Eexpand operator and manufacturing capacity and diversification of uses of long and short-lived wood products (see Chapter 3 for additional wood products innovation discussion).

· Wood fiber insulation

· Engineered wood products that can replace carbon intensive steel, concrete and other materials for bridges, buildings etc;

· Bio-refineries that can make jet fuel, biodiesel, clothing, adhesives, medications

· Combined and heat and power systems at smaller scale than traditional utility dedicated power plants. Phoenix Energy as an example designs and installs downdraft gasification plants that can run generators and the heat is used for space or water heating in buildings or manufacturing processes. These distributed systems an reduce the need for as many new transmission lines and makes it easy to efficiently use the heat that most power plants waste.	Comment by OWner: The Northwest pathways report mistakenly thinks all the biomass will go to biofuels production.  I believe this is an error for several reasons: first it based its biomass estimates on the Billion Ton Study which assumed no biomass would come from forest lands 40% slopes or steeper because cable yarding equipment is not available, which is untrue for western Montana. It also doesn’t take into account new tethered logging systems for steep slope using forwarder systems tied or tethered by a cable allowing them to safely operate on steep slopes; second it doesn’t discuss the issues of biomass transport to central jet fuel processing plants; third we are currently burning in slash piles hundreds of thousands of tons of biomass that can rapidly used for heat and CHP applications. In addition the development of gasification chp’s would be a precursor to jet fuel production. By gasifying the wood the gas could be piped to a central processing plant for production of jet fuel which would solve the transportation issue. CHP can serve as the intermediate use of biomass until the development of jet fuel manufacturing comes on line. Lastly electrical utilities need firm peaking power production especially in the winter. Combined heat and power production is very efficient and the need to heat in the winter matches the need for peak power in the winter. Biomass CHP can fill some of the peaking demand production in a fossil carbon free manner.



[bookmark: _bookmark6]1G: SUPPORT CLIMATE RESILIENT FORESTS, RANGELANDS, AND WILDLIFE USING AN ALL- LANDS, ALL-HANDS APPROACH ACROSS OWNERSHIP BOUNDARIES



Key Strategies:

· Continue to use the Cohesive Stategy partnerships between state, local and federal agencies to (Helena 360 project and Wildfire Adapted Missoula are good examples) address wildland fire risks through coordinating interagency planning and response, supporting wildfire-adapted communities, and building resilient landscapes through active planned broadcast or cutting and piling then burning or harvesting or combining these tools forest management to improve safety and protect communities across ownership boundaries.  This will include managing wildfires when appropriate to accomplish these goals.	Comment by OWner: “active forest management” is to jargon/euphaism. We need to say what we mean – we are going to cut trees down and use them or we are going to burn them up periodically.

· Use forest planned management fire and harvesting to create or maintain forest structure and composition to increase resiliency to insects, disease and uncharacteristic stand-replacing wildfires; protect municipal watersheds; and maintain the long-term capacity of forests to continue to buffer emissionsabsorb CO2 serving as natural carbon capture and storage systems sinks.	Comment by OWner: I think using the CCS phrase consistently will make it more understandable to the average reader.



· Maintain a diverse rangeland ecosystem that supports agriculture, recreation, wildlife and pollinators across all ownerships through coordination, flexible tools and conservation incentives.

· Promote Reward best management practices for building resiliency in rangelands to increase soil carbon and soil water holding capacity	Comment by OWner: The best way to “promote” this is to pay farmers for storing carbon in their soil. We need to support a carbon fee policy that provides rebates to CCS whether it is technological or natural storage or a combination of the two. Promote is too soft and vague

· Support establishment or enhancement of infrastructure that improves grazing management on rangeland, including technologies for monitoring range and stockwater conditions and livestock health.

· Provide extension support for the adoption of agroforestry practices and permaculture that can support food production, carbon storage and improve water quality.

· Strengthen existing partnerships and build new collaborations across agencies, disciplines and jurisdictions to share knowledge and ensure the climate adaptation needs of species, habitats and ecosystems are incorporated into relevant planning and management.

· Prioritize and conduct additional research and vulnerability assessments for species, habitats, and ecosystems as part of periodic statewide climate assessments.

· Provide end users and decision-makers with information about climate change effects on fish, wildlife, habitats, and ecosystems; adaptation and mitigation options; training opportunities; case studies; recommended peer-reviewed research; and contacts in a user-friendly format. Encourage use of this information in adaptation planning and project environmental reviews. Monitor integration of wildlife adaptation efforts into state agency projects, environmental reviews, plans, and relevant communications and training.

· Strengthen partnerships between local, state, federal, and tribal government; private landowners; and conservation organizations to implement landscape-scale conservationcross boundary landscape scale prescribed burns and harvests to increase resilience to wildfire and insects and disease so that forests can continue to store carbon after the disturbances, provide desired watershed function and wildlife habitat which are essential to the Montana economy and way of life. Only by dramatically increasing the scale and pace of such treatments can we alter the extent and severity of these disturbances.	Comment by OWner: Too vague and not clearly tied to climate change goals.

· Protect, enhance, and restore rivers, streams, lakes, reservoirs, wetlands, and riparian areas that are critical to fish, wildlife, and plant populations. Provide for aquatic organism passage, where appropriate.

· Continue to prevent and minimize the spread of invasive species and insect and disease infestations that can be exacerbated by climate change including policies and programs for monitoring, early detection and rapid response.





[bookmark: _bookmark7]1H: PROTECTING MONTANA’S WATER QUALITY AND QUANTITY FROM CLIMATE CHANGE



Key Strategies:

· Promote Enhancing wetland and stream function through restoring and protecting river and stream corridors, floodplains and wetlands to protect water quality and quantity as snowpack declines is essential.and supporting related education efforts.Montana DEQ, DOA and DNRC will form a coalition of municipal watersheds and agricultural irrigation providers, NRCS and ngo’s to adopt price increases which will provide funding to implement water conservation and nutrient management actions such as:	Comment by OWner: Too weak and vague. We need actionable items and mechanisms to incentivize implementation.

· More efficient irrigation systems;

· Beaver population augmentation and human constructed dams mimicking beavers to naturally store more water in the upper reaches of watersheds to sustain flow in later summer.

· Agroforestry practices such as riparian buffers growing perennial crops to help filter nutrients and sediment from streams while also providing shade to keep temperatures lower.

· Graywater use for irrigating yards and greenspace in urban/suburban areas.

· Integrate local drought and water quality planning into other climate and land use planning efforts.

· Invest in tools to improve statewide monitoring and assessment of water resources.

· Incorporate green infrastructure and adaptive water management that combine flooding mitigation, water storage, and water quality improvement into stormwater infrastructure and natural storage utilizing ditches, floodplains, and irrigated lands.	Comment by OWner: See additions above. I think the more specific actionable items with responsibility assigned to an organization is important.



Questions to guide partner and public feedback:

· How can Montana best coordinate climate services to bridge the gap between climate information and action to prepare communities for impacts? What should be the role of the university system and state government? The universities are key for helping bring new technology and ideas to the table and provide studies to test and evaluate them. The state government through agencies and extension services can support the private sector with information and creating funding mechanisms to provide investments in new methods. They can serve as catalysts in the process. How should this work be funded? The state should consider a tax on fossil carbon to help fund these efforts. The tax would be assessed on the source of the problem and it helps provide a market incentive to use less of it.

· How can the state best support the unique climate planning needs of local governments? How can it learn from and support the climate adaptation efforts of tribal nations? Traditional ecological knowledge from the tribes is valuable in learning to adapt. One example is: Indians used fire as a tool to manage wildfires and the vegetation landscape to support their needs for food, safety, etc. Providing a better understanding of this to the general public, landowners and agencies should be part of the process of changing our current culture’s relationship to fire and its use.

· How can the state and university system better understand the climate information and support needs of businesses across key sectors of the economy: including agriculture, construction, natural resources, forestry, health care, outdoor recreation, tourism and others? Develop working groups that include trade association groups and ngo’s so that the business community, conservation groups are at the table for all of these discussions.

· How can the state and university systems support planning that is adaptive to changing conditions and emerging science about climate impacts?

· How can capacity that is built to address climate adaptation goals also benefit community transition planning and strategies? How should the climate Council consider opportunities to integrate climate adaptation planning with community economic development and workforce planning needed to foster resilience and prepare for transitions? How can partnerships, information, and capacity be leveraged?

· Is there value in developing estimates of the costs and benefits of climate preparedness and impacts?

· What adaptation strategies are missing? The linkage between using slash from forest management to create biochar which can be used to mitigate concentrated animal feeding nutrient pollution problems to provide a slow release no fossil carbon based fertilizer system, that stores captured carbon from the trees in the soil while it also increases soil water holding capacity is not explicitly identified.  It is a proven technique but the development of the business supply chain does not exist to have it operate at scale. Where can recommendations be strengthened or prioritized to have the most impact?Many of the recommendations are worded very softly or vaguely such that it is not clear who is responsible for implementation and what time frame it is expected to be accomplished in. If we want this plan to make a difference people/organizations need to be accountable.  What other risks and vulnerabilities need to be addressed?	Comment by OWner: Another example of how a Carbon Fee and Dividend would provide the market price signal to change behavior. It is also another example of where jobs would be created in rural settings. You won’t have one largec chemical fertilizer plant, rather you will have many smaller distributed plants.

· How do we align existing programs and resources, build capacity and secure funding for planning and implementation of these strategies?









2. Strategies to Reduce Greenhouse Gas Emissions

Executive Order 8-2019 requires the Climate Solutions Council to develop a Montana Climate Solutions Plan that includes recommendations to achieve an interim goal of net greenhouse gas neutrality for average annual electric loads in the state by no later than 2035 and a goal of net greenhouse gas neutrality economy-wide at a date to be determined by the Council.

The Council formed the Greenhouse Gas Mitigation Committee to begin to formulate strategies that can achieve the goals outlined by the Governor. According to the Federal Government’s 4th National Climate Assessment released in 2018, “in the absence of more significant global mitigation efforts, climate change is projected to impose substantial damages on the U.S. economy, human health, and the environment. Under scenarios with high emissions and limited or no adaptation, annual losses in some sectors are estimated to grow to hundreds of billions of dollars by the end of the century. The sooner and more aggressively we take action to reduce emissions the lower the economic impact will be. It is very likely that some physical and ecological impacts will be irreversible for thousands of years, while others will be



permanent.” The urgency to respond to these threats is significant, and Montana has an opportunity and obligation to our citizens and their descendants to provide leadership and both prepare for and inform future Federal policies in response to climate change.

Using available data and studies, the Greenhouse Gas Mitigation Committee began to wrestle with what at first appears to be a simple math problem derived from the Executive Order’s goals, but upon closer inspection requires a dynamic understanding of the electric supply system, its regional context, and the role different sectors of the economy play in producing greenhouse gas emissions and could possibly play in reducing emissions. To understand possible scenarios to achieve the Governor’s goals there are a number of variables at play, ranging from the known (future generation facility retirements, planned resource acquisitions) to the uncertain (future population growth, rate of electric vehicle adoption and the corresponding demand for more electricity, emerging technologies, etc). To address common needs of policy and decision makers, often these variables must be coupled with additional assumptions regarding cost and system integration, allowing for evaluations of whether the mix of resources and infrastructure ultimately meets widely held goals such as maintaining electric system reliability and affordability.

Several studies and models have been developed to assist states, regions and utilities understand least cost alternatives and pathways toward achieving emissions reductions goals or targets. These modeling efforts of future scenarios can help structure stakeholder conversations, better inform decision makers regarding tradeoffs, and provide the context needed to design and implement policy packages that are consistent with long-term goals.

George Box famously said that “all models are wrong, but some models are useful.” The goal of a greenhouse gas reduction modeling exercise is not to correctly determine a single solution or accurately predict the future—it is to inform decisions made under uncertainty, to offer a set of measuring sticks to evaluate the compatibility of policy options and to test those options in terms of their feasibility, costs, and emission reduction potential. Given the current dependence of the economy on carbon-based energy sources, and the interactions between sectors, a modeling effort can help scope the timing of infrastructure changes, technology options, investment requirements, research, development and commercialization needs and other areas that help align public, private and academic sector goals and expectations.	Comment by OWner: Thank you for explicity stating this in the report it is a critically important framework to keep in mind as the governor considers policy options.

The Council anticipates engaging a consultant to assist with modeling for the state that can help define scenarios to reduce emissions. In the interim, the Committee and Council members have reviewed several regionally relevant studies and modeling efforts, including the Northwest Deep Decarbonization Study completed by the Clean Energy Transition Institute (CETI) and Evolved Energy Research and presented at the December 10th full Council meeting in Helena. The study provides an economy-wide look at various pathways to achieve an 86% reduction in carbon from the baseline of 1990 in 2050 for the states of Montana, Idaho, Oregon and Washington, and the costs associated with those pathways using current technologies. The Council encourages partners and the public to review the CETI study found here: https://www.cleanenergytransition.org/meeting-the-challenge.	Comment by OWner: I believe there is an overdependence in this modeling on electrification. Home water and space heating can also be achieved with passive solar. This used in combination with biomass are ways to provide heat without electricity. Passive solar/biomass hybrids are a relatively inexpensive heat source that can reduce peak demands, which is a significant issue with the massive electrification these models project. These alternatives also reduce the need for new transmission.



Most studies of our region offer a relatively similar set of findings:

 (
uses
 such as water heating, home heating and cooling, and passenger vehicles are key drivers of
) (
Aggressive and timely adoption of energy efficiency measures and the electrification of end
)	Comment by OWner: There are extensive opportunities for distributed combined heat and power and/or district energy systems. Examples of these are extensive in Europe and there numerous in the US: St. Paul District Energy produces heat power and cooling, Montpelier, VT, downtown Seattle, and a couple dozen college campuses, such as the U of ID, Chadron State College in NE. These kinds of community scale distributed systems can reduce peak demand at the coldest times of the year. There is a significant opportunity to locate these kinds of systems at sawmills and other kinds of industrial sites.  Utilities should be encouraged to invest in these types of systems. They are experts in delivering energy, have access to capital.
  We also have over 50 existing geothermal sites around the state that could be used for energy development.  In some cases it would need to be a biomass geothermal hybrid to achieve the temperatures needed to generate steam power. 



 (
reducing
 costs associated with clean energy
 
transitions.
)

· Efforts to reduce the carbon intensity of electrical generation becomes increasingly important, primarily relying on maximizing renewable energy deployment. Use of very limited and intermittent reliance upon gas-fired generation to help balance loads and maintain current reliability standards amid new load growth, often significantly reduces the costs of transitions.

· Similarly, efforts to reduce the carbon intensity of fuels through increasing production of biofuels and over time relying on emerging technologies that deploy hydrogen, carbon capture and synthetic gas further reduces the intensity of these fuels and allows for even lower emissions tied to freight, aviation and other needs across the economy.

· The development of an integrated western electricity market will enable additional renewable energy development, increase system reliability, and be economically efficient, resulting in cost savings.

Many models demonstrate that this mix of solutions, appropriately timed, can provide energy services allowing for continued economic growth, provide similar or better housing, transport and public amenities, and support high levels of industrial and commercial activity. They often demonstrate that the cumulative costs of these transitions can be minimal, even when not considering the many benefits and avoided costs tied to reduced emissions, energy costs, public health benefits and reductions in climate impacts. Several Council members have outstanding concerns regarding the assumptions, costs and findings of some modeling efforts, including the work of CETI and Evolved Energy Research.

Further discussion is warranted and the Council looks forward to continued dialogue to better understand these concerns to inform efforts at improving modeling to meet long term goals and evaluate tradeoffs, and better understand the limitations of current assessments.

Based upon an assessment of emissions trends by sector, Committee members have developed the following early recommendations. Recommendations receiving consensus support are offered first, followed by those advanced with dissenting views of one or more members of the Council. In some instances, dissenting views and outstanding issues have been reframed as key questions for partner and public input in the guiding questions that follow. Additional details may be found in the Committee’s

white papers found on the Department of Environmental Quality’s Climate Solutions Council website. The Committee continues deliberations in other areas not yet developed and vetted for public and partner input.

Preliminary Council Consensus Recommendations:

I encourage the council to consider a consensus recommendation like the following:

Given the uncertainties described above related to the modeling and the unknowns around new technologies, uncertainty around predicting market responses we believe a foundational policy that puts an initially low but steadily rising price on fossil carbon is essential. This will create a market signal throughout the economy to change behavior of individuals, businesses and governments to invest in conservation and fossil carbon alternative forms of energy. Such a policy does not have to model the precise right scenarios, rather it allows the market price drive the investments by each entity to achieve their best outcome. We also believe providing the money back to people in the form of a dividend allows them the flexibility to invest their dividend as needed to meet their situation. It also provides a powerful signal to businesses to reduce their fossil carbon. footprint to remain competitive.



SECTION I.

Energy Efficiency - Residential and Commercial Buildings, Tribal and Local Governments



[bookmark: _bookmark8]2A: MODERNIZE MONTANA BUILDING ENERGY CODES AND ADMINISTRATIVE PROCESSES TO REDUCE THE EMBODIED ENERGY CONTENT, PROMOTE ENERGY EFFICIENCY AND OTHER CLIMATE BENEFITS



Description: Building energy codes are an effective way to save energy over the long term. The value of energy efficiency in properly implemented construction standards is universally recognized as the easiest and most cost-effective way to help consumers and businesses save energy and money, make housing and businesses more affordable, and reduce greenhouse gas emissions.

Key Strategies:

· Support regular adoption of updated International Energy Conservation Code (IECC) codes every 3 years, with amendments appropriate to MT. The adoption process must be accelerated to occur within 12 months of a new code being issued by the International Code Council (ICC). Consider capacity building support to meet accelerated adoption objectives.

· Require that the energy code be considered at the same time as the other codes to avoid the current situation where the energy code lags adoption of other codes.

· Require that all builders operating in the self-certification areas of the state be required to submit, to the Building Codes Bureau, a written statement that a house complies with the state energy code and/or have the appropriate state agency enforce building codes outside of local jurisdictions.

· Modify language regarding energy stretch codes to allow a jurisdiction to require compliance with that local stretch code in their jurisdiction. Explore the possibility of developing a stretch code for the entire state that would be optional for local jurisdiction adoption.

· Investigate the feasibility of requiring energy rating labeling for new home sales and new commercial buildings.	Comment by OWner: Who will do this by when?

· Direct the state department of transportation to assess the embodied energy/CO2 consequences of their construction, reconstruction and maintenance work for bridges, guardrails and signage. Develop template analyses for counties to use as they assess their roads and bridges. The cost of fossil carbon must be part of the economic analysis.	Comment by OWner: Bridges made of wood and their designs are available in the US. http://www.woodcenter.org/

· Require all state buildings consider the economic cost of fossil carbon emissions when considering the governor’s E.O. on the use of wood.





[bookmark: _bookmark9]2B: ESTABLISH A GRADUATED ENERGY EFFICIENCY STANDARD, A DEMAND RESPONSE STANDARD, AND AN ENERGY STORAGE STANDARD FOR THE STATE’S INVESTOR OWNED UTILITIES (IOUs)



Description: The rate of energy savings in Montana is quite low, around 0.5% annually. States that are high performing acquire energy efficiency at over 2.0% annually. The acquisition of energy efficiency will reduce the need for electricity generation, reducing GHG emissions. A graduated energy efficiency standard establishes specific targets for energy savings that utilities or non-utility program administrators must meet through customer energy efficiency programs. Demand Response involves reducing power consumption at industrial sites, commercial buildings, homes and other locations to save energy and meet utility peak demands. Energy storage can provide power that can be dispatched to better integrate intermittent resources like renewable energy, but it can also provide management of intermittent demand – helping to flatten demand requirements of the utility and allow the utility to implement voltage regulation and other efforts to improve system efficiency.	Comment by OWner: Not all renewable sources of power are intermittent. Biomass, hydro and geothermal for example. Montana has access to all of these which can be developed for dispatchable base or peaking demand use. It doesn’t have to be all storage. Storage is part of the mix but not the only option.
  We have dozens if not hundreds of dams for water storage that do not have power generators on them ie Hyalite Canyon for Bozeman’s water supply. They are potential additional sources of firm power generation at smaller scale. All three of these sources have the potential to reduce the need for new transmission lines.

Key Strategies:



· Adopt a new energy efficiency standard at 1% energy savings on an annual basis within 3 years after program implementation, then increase the standard to 1.5% annually for the next 4 years, and to 2% annually thereafter for IOUs.

· In order to ensure that the utilities are not disincentivized from adopting policies that promote beneficial electrification, e.g., converting from natural gas or propane to solar or biomass thermal, electric heat, load growth attributable to these activities would be excluded from total sale volumes and thus would not have any effect in the calculation of energy savings that must be acquired to meet the efficiency standard. In addition the utility should be able to finance or lease solar and biomass thermal installations and provide a return on investment to their shareholders.

· The proposal could consider specifying some amount of energy efficiency acquisition targeted at low-income Montanans. Low-income households receive significant benefits from energy efficiency acquisition since low-income customers spend a disproportionately large amount of their income on meeting energy needs.

· Adopt a Demand Response Standard that would require the state’s IOUs to acquire, within 5 years after implementation, a total of 35 MW of demand response resources, calculated based on each utility’s overall system contribution to Montana load.

· Efforts could focus on 1) Load control for residential and commercial customers (hot water heaters, air conditioning) - where equipment is cycled for short periods of time; 2) Curtailable load for larger commercial/industrial operations – where operators nominate an amount of load to be curtailed when an event is called and 3) Interruptible rate for commercial/industrial operations that can curtail most or all of their load.

· Adopt an Energy Storage Standard that would require the state’s IOUs to acquire, within 2 years after implementation, a total of 35 MW of energy storage, calculated based on each utility’s overall system contribution to Montana load.





[bookmark: _bookmark10]2C: ADVANCE EFFORTS TO PROMOTE ENERGY EFFICIENCY THROUGH TOOLS LIKE ON-BILL FINANCING



Description: One of the largest barriers to energy efficiency acquisition is the upfront cost to individuals, households, and businesses. To help alleviate this issue, utilities should provide the opportunity for customers to apply for loans that are paid back in installments included in monthly energy bills. On-bill financing is an energy efficiency uptake tool that has been utilized by utilities for decades, yet has failed to gain traction in Montana. Flathead Electric Cooperative is believed to be the only utility in the state providing an on-bill financing option, having alleviated the upfront cost burden for over 500 customers	Comment by OWner: Is this available for alternative energy installations? Solar thermal? Biomass thermal? If not what needs to be changed to allow it?

in just eight years. Financing through the USDA’s Energy Efficiency and Conservation Loan Program can

assist Cooperatives in developing/financing programs. Key Strategies:

· Evaluate barriers to the adoption of on-bill financing in Montana and lessons learned from experiences around the country. Explore voluntary partnerships and legislative options to further incentivize adoption by Montana utilities and rural electric cooperatives.

· Establish targets for the utilities to meet in reducing their fossil carbon delivery. Financing thermal solar/biomass thermal at the residential neighborhood or community scale should be part of the strategy to shave peak demand. The IOU’s should be able to profit from these operations so they have an incentive to promote these programs.

· 

[bookmark: _bookmark11]2D: ADOPT RATE STRATEGIES LIKE DECOUPLING, TIME-OF-USE RATES, INCLINING BLOCK RATES AND/OR PERFORMANCE MEASURES TO FACILITATE ENERGY EFFICIENCY



Description: Decoupling is an approach to better align utility profit incentives with customers' energy service needs. In simple terms, under a decoupling mechanism a utility is assured of being able to recover the revenue that the Commission has authorized it to recover, no more and no less. Should the utility recover less than the authorized amount, rates would increase in order to recover those revenues. On the other hand, should a utility sell more energy than was projected when rates were set and recover more than the authorized revenue, rates would decrease in order to refund the over collection. The mechanism removes the incentive to maximize energy sales in order to achieve recovery, and thus makes energy efficiency and distributed generation options more attractive to utilities.

Currently, most (if not all) utility customers in Montana pay the same energy charge no matter when they use the energy (electricity or gas). Under this flat- rate design, the per kilowatt or per therm charge is stagnant, meaning there is no price signal to use energy during non-peak times. In Montana, peak

times usually mean that a utility’s generation is fully operational, meaning GHG emitting thermal units are emitting. Furthermore, increases in peak load, lead utilities to build additional natural gas “peaker” units, increasing emissions. Time-of-use (TOU) rates, on the other hand, send price signals to customers to shift load to non-peak times, such as at night or during the middle of the day.

Most Montana utility customers pay the same amount per unit (kwh or therm) regardless of the amount they use. For example, a customer that uses 600 kwh/month pays the same for each kwh as does a customer that uses 2,500 kwh per month. As such, there is no price signal to conserve energy or use the energy more efficiently. To address this issue and encourage energy efficiency and conservation, utilities and co-ops should consider adopting Inclining Block Rates (IBR). Utilities utilizing this rate structure encourage large users to reduce their energy usage through higher prices for energy consumed within the higher blocks.

Performance based measures change the business model for investor owned utilities (IOUs) operating in Montana, such that rate of return for the utility is calculated based on performance against certain pre- defined metrics rather than only spending or costs. For example, metrics could include environmental impact, mitigation of climate and environmental risks and investment risk, reliability and availability, safety, conditions for connection, social obligation, and ratepayer satisfaction. In the UK, regulated utilities receive a profit based on the RIIO Model, where Revenue= Incentives + Innovation + Outputs.

Key Strategies:

· Work with the PSC, IOUs, rural electric cooperatives and other stakeholders to advance proposals for Decoupling, TOU Rates, inclining block rates and/or performance measures.

· Consider implementing a three-tiered TOU pricing rate design. The first and cheapest tier – the low usage times – should be priced below the “flat rate” charge (e.g. $0.06/kwh) to encourage customers to shift load to these times. The second tier – average usage times – should be priced somewhere near the “flat rate” charge (e.g. $0.11/kwh). Finally, the third tier – peak times – should be appropriately priced to send a proper signal that customers should only use energy essential to home/business operation (e.g. $0.16/kwh). Committee members wish to emphasize



that TOU rates will not be applicable to large industrial, agriculture, or large irrigators who already operate under demand charges.







[bookmark: _bookmark12]2E: SUPPORT PROGRAMS TO ADVANCE COMMERCIAL ENERGY AUDITS, GRID- INTEGRATED WATER HEATERS, AND MOBILE HOME REPLACEMENT



Description: In-depth energy audits are necessary for businesses, schools, government agencies, and communities to discern the appropriate energy conservation and renewable energy measures available to them. Previous Montana programs of this scope include the Montana Resource Efficiency Program and the Energy Efficiency Program. The Montana Resource Efficiency Program has a proven track record of success assisting 188 businesses and governments and authoring 48 in-depth audit reports. Energy bill savings amounted to $10,018,409, from 131,153,591 kWh and 6,766,218,000 Btu in energy savings.

Grid-interactive electric water heaters can assist with load control. By shifting water heating load from morning and evening to mid-day and overnight water heat energy requirements can be served more economically while still meeting customer needs during peak use times. Water heaters can also be controlled on a minute-to-minute basis to provide voltage support and frequency regulation service to the grid at a much lower cost than generating units or batteries.

Many Montanans still occupy pre-1976 mobile homes, considered to be among the least energy efficient housing stocks in the country. Low-income Montanans, who are least able to afford energy services, reside in these units. Accordingly, replacing pre-1976 mobile homes with newer mobile homes would not only reduce greenhouse gas emissions but would reduce low-income Montanans energy bills and improve their lives.

Key Strategies:

· Explore budget resources through the legislature to support Commercial Energy Audits.

· Develop one or more pilot programs to deploy and test grid interactive water heaters to evaluate performance and savings.

· Inventory current needs and convene stakeholders to explore a program for mobile home replacement to meet both energy efficiency and environmental justice goals.





SECTION II:

Renewable Energy, Transmission & Markets, Peak and Capacity Challenges Efficiency





[bookmark: _bookmark13]2F: REQUEST A LEGISLATIVE STUDY ON THE UNIVERSAL SYSTEM BENEFITS PROGRAM FUNDING MECHANISM FOR ELECTRIC CUSTOMERS



Description: In 1997, Montana’s energy utilities were restructured, which deregulated the supply of electricity and natural gas. At the time, it was acknowledged there were several activities that were undertaken by the state’s utilities which provided societal benefits that could be negatively affected by deregulation. To ensure these activities continued in the future, the legislature established a universal system benefits (USB) program and approved a USB charge to be added to natural gas and electric utility bills of all utility customers. There are differences between natural gas and electric USB programs, but both programs provide funding support for three common activities: cost-effective local energy conservation, low-income energy bill discounts, and weatherization activities. Electric USB charges also fund energy research and development, renewable energy development, and market transformation programs. Natural gas USB funding is based on 1.12 % of the utility’s annual natural gas revenues from the previous year. Electric USB collections were set based on 2.4 % of the utilities 1995 revenues. Over the last 20 years, there has been a decline in the effective value of electric USB funds.

Key Strategies:

· The Council recommends the Legislature evaluate and consider changes to the electric USB funding formula.



[bookmark: _bookmark14]2G: ENCOURAGE EXPANDED COMMUNITY SOLAR, WIND, GEOTHERMAL AND BIOMASS POWER AND COMBINED HEAT AND POWER DEVELOPMENT AND ENACT POLICY TO ENABLE SHARED SOLAR FOR INVESTOR OWNED UTILITIES



Description: Community scale energy sources solar can benefit many Montanans by making it possible for them to afford investments in renewable energy without having to pay the high cost of owning a renewable energy generator. Maintenance costs are also reduced because these costs are shared by participating individual consumers. Under current property tax law, after expiration of the five-year tax holiday, these community solar arrays are treated as utility property for tax purposes.

Shared solar energy sources provides access for individuals, households, and businesses that may not otherwise be able to install a distributed generation heat and power system on-site (e.g. renters, buildings with shaded roofs, etc.). Shared solar allows the utility to control the siting of the array, which can provide more efficient solar/geothermal, biomass thermal production and more efficient grid interconnection. Shared solar subscribers can help finance projects, lessening burden on the developer.

Key Strategies:

· Extend or make permanent the current five-year property tax holiday for community solar energy development by electric utilities (MCA 15-6-225 “Small Electrical Generation Equipment Exemption”).	Comment by OWner: Rather than making tax breaks for a specific type of system that distorts markets; why don’t we adopt a policy that incentivizes the whole array of renewables and conservation by putting a price on fossil carbon and rebating the money as a dividend to families?
Tax revenues will decline as we shift away from coal, oil and gas. We need renewable to pay their share. 

· Advance legislation that clarifies investor-owned utilities’ ability to offer shared solar district energy and cogeneration production systems programs.



[bookmark: _bookmark15]2H: PROVIDE INCENTIVES FOR BIOMASS THERMAL, PASSIVE AND PV SOLAR-READY AND SOLAR-INTEGRATED DESIGN AND BUILDING	Comment by OWner: This website https://biomassready.org/ provides access to a design guidebook to make community buildings ready to install biomass. Passive solar and biomass thermal are a great combination. It is far less expensive to incorporate these systems at the time of construction than to have to remodel to install in the future.



Description: In a report titled, “Solar Ready: An Overview of Implementation Practices,” National Renewable Energy Laboratory experts define a solar ready building as one that is engineered and designed for solar installation, even if the solar installation does not happen at the time of construction. The report states that creating a solar ready structure improves the cost effectiveness of solar when pursued later, which eliminates barriers to future solar applications and facilitates market growth.

Examples provided in the report demonstrate significant savings if solar-ready measures are implemented during design and construction versus if those measures must be taken during solar installation. Biomass Ready desing is available at https://biomassready.org/ to accomplish similar efficiencies as solar.

Key Strategies:

· The State of Montana should develop incentives that encourage biomass and solar-ready design for new buildings in Montana. The incentives should focus on two types of buildings: 1) residential (single or multi-family structures) and 2) small buildings designed for multi-family housing, commercial use, or mixed-use applications. This second group of buildings typically have flat roofs and are excellent candidates for solar.

· Incorporate biomass and solar-ready design standards into residential and commercial building codes.





[bookmark: _bookmark16] (
ENERGY DEVELOPMENT THROUGH REDUCING PROPERTY TAXES ON NEW RENEWABLE
) (
STUDY THE FEASIBILITY OF ENCOURAGING GREATER UTILITY SCALE RENEWABLE
)2I:



 (
ENERGY IN MONTANA
)





Description: Montana currently has by far the highest taxes on renewable energy in the region	Comment by OWner: As stated before fossil fuels provide a substantial amount of tax revenue for MT, we will need to transition to other sources of revenue. Renewable energy production should be one of those sources. Instead of a tax cut the governor and legislature should endorse a fossil carbon fee and dividend. This will accomplish the goal of incentivizing renewable sources of energy but will not cost revenue to the state. The benefit of the Fee and Dividend is it internalizes the cost of fossil carbon into every product that uses it. This is a much more effective policy tool for accomplishing our goals

compared to North Dakota, South Dakota and Minnesota. North Dakota’s taxes on a 150 MW generator, for example, are only ¼ the amount of taxes on the same-sized generator developed in Montana. Taxes in South Dakota and Minnesota are only slightly higher than those in North Dakota.

Key Strategies:

 (
projects
 to determine if rates should be adjusted for new projects. Committee members
) (
Conduct independent research to compare taxation across states and renewable energy
)



 (
emphasize
 that any proposed adjustments must fully consider revenue impacts.
)





[bookmark: _bookmark17]2J: ENCOURAGE THE PUBLIC SERVICE COMMISSION TO OPEN A DOCKET ON ENERGY STORAGE AND COMBINED HEAT AND POWER (COGENERATION) AT COMMUNITY AND INDUSTRIAL SCALES AND EXPLORE STATE INCENTIVES FOR THE INSTALLATION OF UTILITY-SCALE STORAGE DEVELOPMENT



Description: Information on utility-scale projects is needed to determine the feasibility of installing storage to offset intermittency of renewable energy such as wind or solar. Costs of storage technology are a barrier to pilot projects. The development of combined heat and power from biomass, geothermal and solar thermal and hybrids between them should also be developed. These smaller scale systems at the community and industrial plant scale are very efficient compared to power only generation. In addition their synchronicity with severe cold period needs for heat and power allow for the ability to ramp production up for both. State incentives would help mitigate these costs.

Key Strategies:



· Encourage the Montana Public Service Commission to open a docket investigating energy storage, district combined heat and power: its costs, its applications, its feasibility in Montana, its benefits and other matters pertinent to determining whether the treatment of Montana utilities insofar as storage procurement is concerned is in the best interests of a utility’s customers.	Comment by OWner: The CHP at this scale saves on the need for large transmission lines and can scale up production as the heat demand increases thus serving the peak demand of severely cold weather. The St. Paul Distrct Energy system provides cooling in the summer by producing and storing cool water at night to be used during the day to cool buildings, so it also shaves off the peak summer demand.

· Utility scale storage and CHP projects may benefit from pilots that allow for the development of staff capabilities internally to integrate and operate new and emerging technologies; provide information necessary to assess the demand reduction capabilities of the system under peak loading conditions; provide information regarding system resiliency in the event of widespread power disruption; allow for the integration of local renewable generation to develop and test microgrid solutions, and; provide information necessary to develop rates that reflect the overall cost/benefit of a system including initial investment, demand savings, improved reliability and resiliency, etc.

· There is substantial sunk capital costs in Colstrip 4. It provides firm power to help balance the variability of wind and solar. One way to take advantage of that capital investment, provide dispatchable power needed and reduce the fossil carbon emissions is to use torrefied wood. This can be blended with coal and it could start out at 10% and increased over time to further reduce the fossil carbon emissions. This would be a good transition tool as the development of other energy storage is development and CHP. 

· Montana has 8 sawmills that could each have a 20-25 MW combined heat and power plant established at it.  This could provide 160-200 MW of firm, dispatchable renewable power to help balance wind and solar. A study was conducted ~10 years ago that examined this but it did not include the fossil carbon savings and thus it appeared that coal and natural gas were cheaper. In today’s situation that is an error.



[bookmark: _bookmark18]2K: ADVANCE EFFORTS TO TAKE ADVANTAGE OF A COORDINATED WESTERN ELECTRICITY MARKET



Description: The Western United State electric grid is comprised of 38 balancing areas that create economic, contractual and practical obstacles to buying and selling electricity creating extensive market inefficiencies. As energy systems transform in response to new technologies and market conditions, opportunities to integrate the regional market for electricity to manage loads, take advantage of price and supply conditions and other factors are becoming more attractive. A regional energy market would benefit Montana due to the abundant renewable energy opportunities found within the state.

Key Strategy:

· The Governor and the legislature should actively work to build partnerships with other states toward the development of a western electricity market.





SECTION III:

Transportation

[bookmark: _bookmark19]2L: ADOPT LOW EMISSION VEHICLE STANDARDS AND ESTABLISH TAX INCENTIVES FOR LOW AND ZERO EMISSIONS VEHICLES



Description: Fourteen states have adopted Low Emission Vehicle standards and two other states, Minnesota and New Mexico, are in the process of adopting the standards, which are broadly supported by the auto industry. About 20 states have adopted tax incentives to boost vehicle sales leading to a reduction in greenhouse gas emissions while benefiting consumers.

Key Strategies:

· Begin a process, to adopt low-emission vehicle emission standards by the fall of 2020.

· Explore state tax incentives for the purchase of low and zero emission vehicles.





[bookmark: _bookmark20]2M: ADVANCE COMPREHENSIVE STRATEGIES TO DEVELOP AND EXPAND ELECTRIC VEHICLE INFRASTRUCTURE AND ACCESSIBILITY



Description: The states of Colorado, Idaho, Montana, Nevada, New Mexico, Utah and Wyoming have entered into a memorandum of understanding acknowledging the value that improved availability of regional electric vehicle infrastructure offers for access to highways, promotion of tourism and recreation in rural communities, and related economic development. While private sector roles for advancing infrastructure will be critical, partnerships will also be needed to overcome initial hurdles to electric vehicle adoption attributed to a lack of infrastructure.

Key Strategies:

· The state should develop a goal for EV charging infrastructure in Montana and should take actions that will lead to the attainment of that goal. For example, a requirement to install a certain number of charging stations could be included in commercial building codes. The state could also require the installation of EV charging stations at all public buildings. Incentives could take the form of tax credits for businesses that install EV charging stations at their establishments.

· Explore partnerships with utilities to expand EV infrastructure and adoption.

· Legislation should be considered to require investor-owned utilities to file plans every two years with the Public Service Commission with the goal of accelerating transportation electrification. These plans should include such things as: an analysis of the existing market, existing policies, barriers to EV growth, the impact of rate design and the development of new rate structures that would promote the adoption of EVs. The plans, through an open, public process, would be subject to Commission approval, disapproval, or modification. Alternatively, the PSC could establish these requirements independently.

· The Montana Department of Transportation (MDT) should develop a plan to install DC charging stations at rest areas administered by the Department. There are approximately 45 rest areas (not all are open year-round) located on Montana interstate highways. Additional rest areas are located on other US routes and state highways. The objective is to provide the traveling public with sufficient charging infrastructure to make it possible for electric vehicles to traverse long distances and to make it more convenient for EV owners to travel in the state. The plan should designate the rest areas that should receive charging infrastructure, a schedule for installation, and funding requirements and sources. Due to the need to develop charging infrastructure expeditiously the plan should not look beyond 2030. As part of the plan preparation, MDT will need to consult with the Federal Highway Administration (FHWA) and address legal issues related to the placement of charging stations at rest areas. Other states are currently addressing these issues.

· The Montana Department of Transportation (MDT) would be responsible for deploying uniform signage to indicate the location of public charging stations. Consistent and visible charging signage will result in increased public interest in EVs and may help address concerns regarding range. FHWA has adopted a design for EV charging station signs. MDT would be responsible for



determining signage placement and funding, consistent with its usual practices regarding signage.

· Efforts to address taxation of electric or low emissions vehicles should be equitable and should avoid creating disincentives for adoption. If the intent with taxation is to provide sufficient funding for transportation system infrastructure, other metrics, rather than fuel use, could be utilized for taxation purposes, such as a tax based upon vehicle miles traveled. Another method would be to assess an annual fee on EV owners equivalent to the average amount of gas tax paid per car per year.



[bookmark: _bookmark21]2N: IMPROVE STATEWIDE TRANSPORTATION MANAGEMENT TO FOSTER ALTERNATIVES AND SUPPORT THE NEEDS OF COMMUNITIES



Description: Transportation related Greenhouse Gas Emissions occur not just because our fleet uses fossil fuels, but also because of the nature of our overall transportation system. Montanan’s have the 10th highest reliance on personal vehicles of any state in the nation, reflecting our geographic range, but also limited integrated transportation and growth planning and transportation alternatives.

Key Strategies:

· Create the position of transportation system management coordinator within the Planning Department of MDT.

· Develop and host a ride sharing internet tool at MDT that will enable drivers and riders to connect with each other so as to reduce vehicle miles travelled and costs for Montanans while also lessening the burden on existing transportation infrastructure.

· Develop planning for expanded bike infrastructure including protected bike lanes working with appropriate local jurisdictions.





SECTION IV:

Industrial, Oil and Gas, Agriculture and Forestry

[bookmark: _bookmark22]2O: IMPROVE GREENHOUSE GAS EMISSIONS AND CARBON SEQUESTRATION INVENTORY AND ACCOUNTING SPANNING NON-ELECTRIC AND TRANSPORTATION SECTORS ACROSS MONTANA’S ECONOMY



Description: Presently, the state lacks a comprehensive inventory or estimates of greenhouse gas sources and sinks spanning other critical sectors of the economy, including industrial sources, oil and gas production and agriculture, forestry and wood products. These estimates and inventories are critical to understanding economy wide strategies to reduce emissions and boost the capacity of carbon storage in healthy soils, forests and in wood products.

Key Strategies:



· Using widely available methods, develop greenhouse gas emissions and sink estimates for key

sectors of Montana’s economy and land use. For example the USDA Forest Service Forest Inventory and Analysis program collects data across all forest ownerships that can monitor and measure the carbon storage.

· Develop a reporting program to encourage facilities or industrial sectors that produce more than 25,000 metric tons of CO2e to annually report GHG emissions in line with federal standards or those widely used by other states.

· Explore partnerships to reduce emissions/enhance carbon storage spanning the sectors.

· In the Oil and Gas Sector, consider directing staff at MT DEQ and MT Board of Oil and Gas Conservation to meet with oil and gas operators at a minimum of once annually to promote best management practices such as leak detection and repair, high-bleed pneumatic controllers, and the manual liquids unloading process. Work toward educating well and pipeline operators on methane gas capture and reduction in fugitive emissions.

· Consider working with the Montana Board of Oil and Gas Conservation to continue use of their Damage Mitigation Account to properly plug orphaned (abandoned) oil and gas wells for which there is no identifiable well operator. This program works toward eliminating potential fugitive emissions of methane gas along with addressing other issues. BOGC may have to adjust their environmental ranking criteria to move wells with greater potential to emit methane to a higher priority. Steps should be taken to ensure the Damage Mitigation Account is funded as required by statute to enable proper administration of the BOGC damage mitigation program. No general fund monies are contributed to the BOGC Damage Mitigation Account.

· 	In forestry and agriculture, integrate strategies with voluntary and incentive-driven approaches, including potential carbon markets, as outlined in Chapter 1. Consider use of widely available tools from the USDA for estimating greenhouse gas emissions and sinks, including tools like COMET-FARM and COMET PLANNER that allow for farm-scale and regional estimations of the benefits of conservation practices for carbon management and reduced emissions.	Comment by OWner: Federal Fee and dividend legislation should have a provision for rebating carbon fees when carbon sequestration practices are applied.

· Conduct a study of non-CO2 based greenhouse gas emissions in Montana, including methane, utilizing recent advances in identifying releases, spanning diverse sources. Consider other methane emission sources such as solid waste disposal facilities, agricultural operations, and hydropower sources in addition to oil and gas.



Preliminary Council Recommendations Advanced with Dissenting Views Expressed:





The recommendations below are being advanced with dissenting views of one or more members of the Council. In some instances, dissenting views and outstanding issues have been reframed as key questions for partner and public input in the guiding questions that follow. Additional details may be found in the Committee’s white papers found on the Department of Environmental Quality’s Climate Solutions Council website. The Committee continues deliberations in other areas not yet developed and vetted for public and partner input.



[bookmark: _bookmark23]2P: ADVANCE EFFORTS TO DEVELOP AND DEPLOY CARBON CAPTURE AND STORAGE TECHNOLOGIES (CCS)



Description: Even as Montana diversifies its energy portfolio, fossil fuels are expected to meet a portion of the energy demand for several decades. Accelerating deployment of carbon capture and storage (CCS) technology is essential to reduce emissions from these power plants, and to support other needs such as renewable fuel production central to meeting the net-neutral goal. Moreover, more than half of the models cited in the Intergovernmental Panel on Climate Change’s Fifth Assessment Report required carbon capture for a goal of staying within 2 degrees Celsius of warming from pre-industrial days. For models without carbon capture, emissions reduction costs rose 138 percent. (C2ES)	Comment by OWner: Again the implementation of policy that puts a price on fossil carbon at the mine or well head is the quickest, easiest way to accomplish this. The EICDA has a provision that provides a carbon refund based on the number of tons of CO2 stored. In 10 years from enactment that would be $115/ton of refund.  That is an incentive to develop and implement the technologlogical side of CCS and incentivize the biological CCS.

The Great Plains Institute notes that authoritative analysis by the International Energy Agency as well as the Intergovernmental Panel on Climate Change shows the critical role carbon capture must play in achieving US and global carbon reduction targets by 2050. The bulk of US carbon emissions comes from three sources; Transportation (29%), Electricity (28%), and Industrial (22%). Carbon capture enables many industries to reduce or eliminate their carbon emissions, while protecting and creating high-wage jobs. Moreover, for key carbon-intensive industries such as steel and cement, significant CO2 and CO emissions result from the chemistry of the production process itself, regardless of energy inputs. Thus, carbon capture is an essential emissions reduction tool for major industrial sectors that are otherwise difficult to decarbonize.

Governor Bullock co-founded multiple regional and national initiatives supporting carbon capture,

including the State Carbon Capture Work Group, the Governors’ Partnership for Carbon Capture and the Regional Carbon Capture Deployment Initiative. Governor Bullock also entered a Carbon Capture MOU in 2018 along with the Canadian Province of Saskatchewan that includes participation with the States of North Dakota and Wyoming.

Key Strategies:

· DEQ should consider seeking primacy for Class VI deep injection wells. Class VI wells are used to inject carbon dioxide (CO2) into deep rock formations. This long-term underground storage is called geologic sequestration (GS). Geologic sequestration refers to technologies to reduce CO2 emissions to the atmosphere and mitigate climate change. EPA has finalized requirements for GS, including the development of a new class of wells, Class VI, under the authority of the Safe Drinking Water Act’s Underground Injection Control program. These requirements, also known as the Class VI rule, are designed to protect underground sources of drinking water. North Dakota is the only state with primary enforcement authority for UIC Class VI wells. EPA directly implements the Class VI program in all other states, territories, and tribes. State management of the program could expedite permitting while maintaining appropriate safeguards to water supplies. MT Board of Oil and Gas Conservation already has statutory authority to regulate class VI disposal wells. No application for primacy currently exists.

· Identify and dedicate state funding, raised from fossil carbon sources,  to advance Carbon Capture and Storage. Development of carbon-capture technology in Montana can be encouraged with the state creating a partnership with federal Department of Energy grants in which the state leverages DOE funds by providing



its own funds for CCS. Earmarking a portion of existing coal severance tax revenue would be an appropriate utilization of a portion of these revenues.

· Natural CCS can be some of the cheapest methods for mitigating fossil carbon emissions. There are multiple places and ways to have carbon benefits, from increased carbon in soil through the addition of biochar from slash instead of burning it, changed farming and grazing practices, to replacing steel and concrete with sustainably grown wood. These methods are all known and proven, the adoption could be rapidly accelerated if a payment mechanism was in place. A carbon fee and dividend that allowed for carbon refunds could provide the needed mechanism.



Dissenting View: One Council member expressed reservations regarding this recommendation and its potential to extend the state’s reliance on fossil fuels and foster disincentives for an accelerated energy transition.	Comment by OWner: The point of this council is to reduce fossil carbon emissions in whatever way is most efficient and effective. If we can accomplish that by CCS of fossil fuel emissions that is just fine we are accomplishing the goal of staying under the 1/5 degree temperature change





[bookmark: _bookmark24]2Q: INCREASE THE ALLOWABLE SYSTEMS SIZE FOR DISTRIBUTED GENERATION SYSTEMS



Description: The current system size cap for small-scale generation interconnecting to the grid is restrictive for entities like commercial buildings, schools, libraries, and private businesses. The current cap of 50kW was passed in 1999 and has not been updated since. Meanwhile, solar technology has become more efficient and less costly. Increasing the allowable system size will allow users to meet more of their energy needs with solar, wind, micro-hydro, biomass, geothermal and other eligible technologies.

Key Strategy: Evaluate and institute a new cap for distributed energy systems.

Dissenting Views: Some Council members expressed concerns regarding this recommendation and indicated they may be unresolvable until utility rate design concerns are resolved. It is argued that in some instances, net metering requirements will increase costs borne by other customers who do not self-generate and create potentially serious safety risks and power quality concerns. While highly contested among stakeholders, some argue that higher rates for other customers will occur in some instances due to a failure to consider widely varying costs, rates, rate structures, and power supply and delivery issues.	Comment by OWner: The governor should work with the EQC and PSC to establish a team to analyze the appropriate rate structure.
  I have solar panels and net meter. I am being subsidized by others since I am not paying for the transmissions ervice I still use. Howeversolar panels also help shave peak demand in the summer. Biomass power generation can shave peak demand in the winter. These watts are worth more than the flat rate at those times. Serious analysis is needed to determine the appropriate valuing of these distributed sources of energy including the avoided new transmission lines.



[bookmark: _bookmark25]2R: INCREASE AND UPDATE THE STATE RENEWABLE ENERGY PORTFOLIO STANDARD



Description: Montana’s standard was established in 2005 and has not been updated since the third increase took effect in 2015 (15% for 2015 and each year thereafter). RPS regulations vary across the country, including several states that are pursuing 100% renewable standards.	Comment by OWner: This is a very cumbersome and potentially inefficient policy tool.  The fights over what qualifies as renewable (historic hydro or not) whether biomass should be included, should nuclear be included as it is fossil carbon free, etc. The debate devolves into which form of energy you like or dislike.  A policy that is technology neutral is more fair and less contentious. A fee and dividend applied with targeted reductions in atmospheric CO2 is much cleaner and then all the technologies can be considered and compete on the basis of cost and reliability the two elements the utilities are required by law to address. It incorporates the cost of fossil carbon thus providing a level plaing field. If CCS of fossil emissions is economical that will be part of the mix. Our goal is to limit climate change to 1.5 degrees of change NOT 100% renewable energy. This is a red herring that creates socio-political battles.

Key Strategy: Increase Montana’s Renewable Portfolio Standard.

Dissenting Views: Some Council members expressed concerns regarding this recommendation. Issues regarding the magnitude of the revised standard, the role of hydropower, and the relevance of its application to the state’s Rural Electric Cooperatives were the primary concerns.





Questions to guide partner and public feedback:

· How can the state, cities and counties work more collaboratively to enforce the energy code and advance energy efficiency objectives?

· How should the state consider future renewable energy requirements for energy providers?



What policies should the state implement related to “beneficial electrification,” which entails replacing the direct use of fossil fuels with electricity in a way that reduces GHG emissions and lowers overall costs? This statement is too narrow and presumes “beneficial electrification” is the answer instead of one of many answers.  You have forgotten the George Box quote you included earlier about all models are wrong, but some are useful”. The policies to implement should not presume the answer based on the modeling. There are significant opportunities for fossil carbon reduction outside of electricity. We need policies that incentivize reductions of fossil C emissions in a way that unleashes the power of entrepreneurs, market incentives, efficiency/conservation gains and CCS. We need policy that signals the release of fossil carbon in the long-run (next 30 years) is unacceptable. And in the short run the cost will steadily increase, at a rate that will drive the desired reduction. A Fee and Dividend can do that. The bill H.R. 763 starts out at $15/ton and goes up $10/ton/year provided it meets the targeted reductions, if it does not then the price goes up $15/ton per year. It starts out with little economic pain but it signals to every citizen, business, organization and government entity the price pain will get very large and you better figure out another way. The cost in 10 years would be $115-140/ton in 20 years $215-290/ton and in 30 years $315-440/ton, and it would be adjusted for inflation.

· How should the Public Service Commission evaluate greenhouse gas impacts of decisions and rate-payer risks? Every decision should factor in the cost of fossil CO2 emissions that are currently externalized from the price of energy. Society is bearing the cost of climate change through wildfire fires, floods, drought, etc. It is being borne by taxpayers, individual businesses, farmers and ranchers, health care, etc. They must start internalizing the costs to the source: fossil carbon emissions. 

· What policies to further advance clean energy solutions should be considered for the unique business model facing the state’s rural electric cooperatives? Fee and Dividend, see above. How can the state advance voluntary measures in coordination with electric co-ops? The co-op owners and customers are the same. With a fee and dividend they can absorb the initial cost increases through their dividend. The co-ops can make investments over time to reduce their fossil carbon intensity which will reduce the cost.

· Are there improvements that could be made to the way the state engages with local governments, counties and tribal nations regarding transportation projects and planning? What programs or policies should the state implement to ensure our communities are accessible and affordable while addressing issues related to vehicle congestion and miles traveled?

· How can state agencies continue to foster leadership around sustainability, clean energy and emissions reductions?

· How can the state assist and learn from local government and tribal nation greenhouse gas reduction efforts?

· How should the state consider possible economy-wide emissions policy proposals such as a price on carbon or cap and trade proposals? Carbon Fee and Dividend affect every product or service that uses fossil carbon and therefore the incentive to reduce that affect is felt throughout the whole system and families and businesses will adjust. Cap and Trade systems are much more difficult to implement throughout the whole economy, require much more cost in administration and how to spend the fees from trading can easily be caught up in debates over “favorite”solutions. Fee and Dividend is not susceptible to similar problems.

· How can Montana best lead on efforts to reduce greenhouse gas emissions? Investments in charging stations at rest stops, as suggested here are an excellent way to facilitate the transition away from fossil fuel transportation. Tax credits for gas stations to install charging stations would further expand the network. How should the state consider policy options and solutions in the context of potential Federal policy or policies? Federal policy is actively being developed as evidenced by multiple bills in the House and Senate. The establishment of a bipartisan Climate Solutions Caucus in the Senate last November involving 4 republicans, 3 demoscrats and an independent with the sole purpose of drafting  legislation is significant. The governor, legislature, county commissioners, mayors and city councils should endorse and promote to our congressional staff the need for a fee and dividend policy as I have described elsewhere. It is vital to have CCS language that rewards both technical/industrial as well as natural methods.

· How should the state consider new technologies in planning for greenhouse gas mitigation like renewable hydrogen or modular nuclear?  Montana should join/form a consortium with the other states, BPA, University expertise and US DOE in the Columbia River basin where we have an abundance of hydroelectric dams and the potential for abundant wind resources, the combination of which has great potential for electrolysis of water in off-peak demand times to generate H2 and O2 that can be used as energy storage, piped to locations for transportation use, etc. Adoption of a Fee and Dividend policy would send a signal to potential developers of such system to engage as they would have price predictability which is needed when considering large capital investments in new technology.

· How should the Council think about balancing regulatory and incentive based tools? How should the Council consider fiscal impacts and revenue sources for incentive programs? Montana is heavily dependent on tax revenue from fossil fuel extraction and use. Our goal in this plan is to substantially reduce its use to the point where the only use is in combination with CCS. We need to recognize tax credits make this situation worse. If there is a Carbon Fee and Dividend policy passed we should consider phasing out energy tax credits of all kinds. We should also consider a state carbon tax of $1-5/ton to cover the costs of research and development for climate change mitigation and adaptation; also financing infrastructure like charging stations at rest stops and to cover the cost of tax credits for gas stations that install charging stations and other needed infrastructure.





3. Capturing Innovation Opportunities in Montana’s Response to Climate Change and Addressing the Needs of Workers and Communities in Transitions.

Section I. Montana’s Innovation Landscape

Responding to the impacts of climate change in Montana will require new technological approaches to agriculture, energy systems, forestry, infrastructure, and carbon mitigation and storage, among others.

Developing and commercializing new technological approaches can generate opportunities for Montana to create new jobs, private investment, public funding, and businesses.



The Technology Innovation for Climate Solutions and Community Transitions Committee was tasked in part with developing strategies to support the research, development, commercialization and adoption of new technologies to address climate change. The approach the Committee has followed is to define and identify existing elements of the “innovation landscape,” or the systems, networks, and

partnerships that align the state’s unique skills, assets, and institutions to support technology and policy innovation. The focus on the innovation landscape is consistent with emerging economic development literature and practice in the changing U.S. economy.



Defining Concepts of the Innovation Landscape



Innovation: Innovation is defined as new combinations of existing knowledge, capabilities, and resources that contribute to social and economic change. Innovation does not necessarily require new invention but is focused on implementation or putting new or existing ideas, processes, and technologies into practice in novel or new ways. In the context of climate change, using existing technologies will be critical for implementing immediate to short-term climate solutions. New inventions will also be important, as our state looks to develop technologies for reducing emissions and adapting to impacts not just in Montana, but nationally and internationally, as well.



Innovation Landscape: The innovation landscape is the networks, systems, and institutions that can be aligned to define and act on strategic priorities. Elements of the innovation landscape include the institutions (universities, government, non-governmental organizations, industry associations, and labor unions), the policy environment and culture among these institutions that allow them to collaborate and leverage unique strengths and skills, financing (e.g., venture capital, government grants, private foundations), physical assets and materials, and human capital.





Assessing Montana’s Innovation Landscape: Strengths and Assets



Employing an innovation landscape approach will help Montana stay nimble given market uncertainties.



Assessing the capacity of Montana’s innovation landscape draws on existing models of how innovation often occurs. The innovation process is commonly described as a series of steps, from basic research through to commercialization. The innovation process is rarely linear, however. Knowledge and hard lessons are learned at each step, which leads to better understanding and advancement in research, product development and ultimately commercialization.



For the purposes of the Montana Climate Solutions Council, a critical opportunity for capacity building evident in Montana’s success stories and those of other existing state innovation initiatives is that realizing the fruits of innovation most often requires collaboration and support from public and private institutions. A review of state and regional innovation initiatives in the U.S. reports that “continuous public investment has been critical in training a large number of people over many years and in creating

the necessary environment to foster new technology-based businesses.” Basic and applied research, for example, benefit from public investment and informal or formal collaboration networks among public universities, government, and the business community. Public investments and partnerships remain



important throughout the product development and commercialization process. Integrating public, philanthropic, non-governmental, and private institutions is a basic requirement of a functional innovation landscape.



The Committee has reviewed several case studies of the Montana Innovation Landscape demonstrating existing assets and strengths and gaps. The case studies are intended to help identify recommendations that could support Montana’s efforts to better integrate existing components of the innovation landscape and suggest direct actions to build needed capacity in Montana institutions as well as address gaps in other elements of the state’s innovation landscape.



Case Studies



Assessing Montana’s innovation landscape benefits from exploring case studies of existing research, product development, and commercialization efforts to understand why they succeeded or failed in practice. Case studies serve multiple purposes: concrete examples of actual projects will help communicate how the innovation landscape is defined and elements function as well as the interplay between the elements; case studies focus on what is actually happening in Montana and can help assess why some projects succeed or fail; and case studies can help identify opportunities to adapt the innovation landscape and explain how new opportunities can be leveraged.



Case Study: Absaroka Energy’s Gordon Butte Pumped Storage Project



Absaroka Energy Expects to break ground soon on a closed loop pumped hydro energy storage project in Meagher County. The installed generation capacity will be 400 MW with estimated storage of 3400 MW-hrs. It will utilize 3 pairs of pumps and turbines to allow rapid switching (or simultaneous) pumping and generation. The rapid response combined with large power and energy capacity will mean the facility can be used for peaking, firming, frequency control, and a variety of other ancillary benefits that can allow utilization of a larger percentage of variable

renewable energy in the state’s power portfolio. This will be the largest pump storage facility in the US and the first built in approximately 40 years. It will also be one of the few utility scale storage facilities in the country.	Comment by OWner: There is no discussion of how the innovation landscape helped make this happen.



Case Study: Montana’s Photonics Cluster



Photonics is to photons (light) as electronics is to electrons and is critical to lasers, sensors, measurements and automated vision, medical technologies, defense technologies and other sectors. The first photonics company in the Gallatin Valley was Orionics (fiber splicing equipment) in 1980 (ended operations in 1987) followed by Big Sky Laser in 1981, Toomay- Mathis and Associates (TMA, light scattering measurement) in 1984, ILX Lightwave (Diode laser and fiber optic equipment) in 1986, and Scientific Materials Corp (Laser Crystals) and Lattice Materials (infrared optical materials) both in 1989. Five of these six companies had connections to either Montana State University (MSU) or the Gallatin Valley. MSU faculty began collaborations with TMA, ILX, and Scientific Materials and in 1992 four MSU faculty members

wrote a proposal to the National Science Foundation’s Experimental Program to Stimulate

Competitive Research (EPSCoR), that strengthened these collaborations. EPSCoR funding



coupled with institutional resources resulted in five additional faculty hires in photonics and the Optical Technology Center (OpTeC) received formal Board of Regents center status in 1995.

There are now over 30 companies with about 600 employees in photonics in Montana, largely located in Gallatin County. Approximately 15 were spun out of MSU research and others were attracted by the desirable location, access to a strong research university, and availability of a high-quality workforce. Montana Photonics Industry Alliance formed in 2013. The Montana Photonics cluster is the fourth largest photonics cluster in the nation, the largest per capita, and a major contributor to the Montana economy.



Case Study: Hydrogen-based Storage of Renewable Energy



Converting waste water into a renewable energy battery system presents an emerging

economic opportunity for several components of Montana’s innovation landscape. Mitsubishi- Hitachi is in the early stages of a proposal to produce hydrogen gas in Montana, store it in Utah, and deploy new technologies to generate electricity for western utilities by burning 100 percent renewably sourced hydrogen. Montana’s competitive advantage for this multi-state concept is to utilize treated waste water from the Berkeley Pit in Butte and potentially from Silver Lake as a water source for electrolysis that splits water molecules into hydrogen and oxygen. Electrolysis is an energy-intensive process that can be turned on and off to utilize excess renewable energy when the sun is shining, the wind is blowing, and electricity demand is relatively low. The Berkeley Pit is a scarce source of water in the western U.S. where many basins are closed to new water development and climate projections indicate increasing stress on water supplies.



Renewably sourced hydrogen potentially could serve as the foundation for a clean energy hydrogen economy that includes hydrogen fuel cell technology development and commercialization for transportation and other uses in addition to utility-scale production of electricity. This sector could create many jobs and businesses in wind and solar energy development, in construction, electrical trades, and engineering. Restoration job opportunities also may exist as treated water from the Berkeley Pit may also have beneficial in-stream uses, which may require a sophisticated balancing to accommodate both ecosystem restoration objectives and clean energy development. Combustion of H2, initially blended with fossil gas and eventually 100% H2, to generate electricity in Montana would produce water vapor that could be captured and put to beneficial use.



Case Study: Montana Emergent Technologies Commercialization of BioSqueeze, MSU’s Well Sealing

Technology



Montana Emergent Technologies (MET) is commercializing a technology developed by Montana State University’s Energy Research Institute (ERI) and Center for Biofilm Engineering (CBE). This technology uses bacteria that catalyze formation of calcium carbonate (calcite, the same

substance as “boiler scale”) which can be used to plug small aperture seeps in wells (typically outside the production casing in the cement between the casing and the formation rock) that can cause methane emissions to the atmosphere. Because the bacteria and other required materials can be delivered in low viscosity water solutions, this method works well for small seeps that are difficult to seal by pumping cement which is higher viscosity. MSU developed this



technology at bench scale, tested it at an intermediate scale and performed four field pilots with MET involvement. MET is now commercializing in the DJ basin in Colorado and in 2019 has sealed nine wells owned by two different companies with a 100% success rate. These include 4 wells that were being plugged and abandoned, one of which the company spent in excess of

$1M trying to remediate, and 5 active production wells.



Case Study: Emerging Markets for Climate Smart Agriculture



Heavy precipitation events, unusual seasonal weather patterns, and a trend of hotter, drier summers are driving growing interest in climate-resilient agriculture among farmers, consumers, food companies, and state and federal agencies. Institutional and venture investors, philanthropic foundations, and state governments are now stepping up to provide financial incentives for farmers and ranchers to adopt such practices, especially soil health practices that build and retain organic matter, maintain continuous cover, and minimize tillage and chemical disturbance. A marketplace has emerged to reward farmers for increasing and sequestering soil carbon. Market players include California’s Climate Smart Agriculture program funded through

the state’s carbon cap-and-trade program and Indigo Agriculture, a start-up company funded by more than $850 million in venture capital, which aims to sequester one trillion tons of carbon dioxide from the atmosphere by incentivizing farmers to adopt regenerative agriculture practices.



Given its vast agricultural landscape and breadth of innovative farmers and ranchers, Montana is well positioned to tap into this emerging market for carbon-rich soils. Western Sustainability Exchange (WSE), a non-profit based in Livingston, is collaborating with Montana ranchers and state and national partners in a pilot project that does just that through its Montana Grasslands Carbon Initiative. Partners include Montana State University, NativeEnergy (a Vermont-based company that develops carbon projects and sells verified carbon offset credits), Soils for the Future (a soil science organization based at Syracuse University), and Xanterra Parks and Resorts (the country’s largest park concession management company and Yellowstone and Glacier

National Parks’ primary concessionaire). The grasslands carbon program incentivizes ranchers to improve their grazing practices and thereby sequester large amounts of carbon. For doing so, ranchers will be compensated with carbon offset payments based on the additional amount of carbon they sequester each year. The sequestered carbon becomes the basis for verified carbon offset credits which NativeEnergy sells to companies committed to reducing their carbon footprint.



Preliminary Council Consensus Recommendations:



An important task of the Committee will be to conduct asset mapping that can identify real opportunities in Montana to leverage existing partnerships and opportunities into actual projects. One of the primary goals of the Committee work is to build a strategy around technology research, development, and commercialization.



Recommendations for technology innovation are required beyond the energy sector and across multiple geographies. The urban/rural divide is widening, and solutions are required for all types of communities,



particularly rural communities. Focusing on rural landscapes and communities may also provide unique opportunities to leverage resources, partnerships, and innovation that may be overlooked as most efforts and attention are typically focused on cities where investments theoretically return a higher “bang for the buck.” Technology innovation in agriculture, timber, manufacturing, and other sectors are an important focus for the Committee.



[bookmark: _bookmark26]3A: MONTANA, LED BY THE MONTANA SCIENCE AND TECHNOLOGY COMMITTEE AND THE OFFICE OF THE COMMISSIONER OF HIGHER EDUCATION, SHOULD IDENTIFY KEY OPPORTUNITIES FOR TECHNOLOGY-LED ECONOMIC DEVELOPMENT, PRIORITIZING AREAS THAT ASSIST WITH CLIMATE CHANGE TRANSITIONS AND MITIGATION

Key Strategies:



· Revise and update Montana’s Science and Technology plan with a focus on industry linkage opportunities and opportunities to foster and sustain competitive industry/university collaborations in basic and applied research.

· Within identified areas of strength, charge and fund key networking organizations (i.e. industry organizations, university research centers, or state agencies) with regularly convening key university/industry/society players.

· Within the Montana University System, institute seed-granting opportunities and research capacity building efforts to grow the state’s university expertise and competitiveness in each identified area of strength.



[bookmark: _bookmark27]3B: THE MONTANA LEGISLATURE SHOULD INVEST IN INITIATIVES THAT BUILD UNIVERSITY/INDUSTRY/SOCIETY INNOVATION LINKAGES TO ADDRESS KEY MONTANA CHALLENGES, INCLUDING CLIMATE CHANGE

Key Strategies:



· Institute a state-funded grant program to further develop research capabilities and user facilities at Montana’s public universities, with a goal of leveraging these facilities to grow innovative Montana-based technology development companies and clusters.

· Develop a recruitment and retention funding pool for strategic growth in research capabilities in key areas of state need.

· Appropriate further rounds of funding for the Montana Research and Economic Development Initiative to encourage applied research addressing Montana needs.

· Set aside a match-funding pool to increase Montana researcher’s competitiveness when

pursuing federal grant dollars.

· Develop / Identify and appropriately fund a research center or institute charged with networking and organizing university research and university/industry linkages statewide in the area of energy innovation. Key areas of focus based on Montana’s industry and existing research	Comment by OWner: Does this include energy conservation practices? Deep energy retrofits where new or augmented windows in combination with wood fiber insulation in walls and ceilings can make existing homes, commercial buildings use less carbon and save considerable money in the long-run. Low cost fossil fueland access to capital have been the major barriers. Bringing together the innovation landscape of businesses, utility and credit union loan programs along with a price on fossil C could create the right environment for this to move rapidly. It would create jobs and product demand for the new wood manufacturing plant planned for NW MT.



expertise may include biofuels, energy storage, transportation grid electrification, and energy related agricultural practices.



[bookmark: _bookmark28]3C: IMPLEMENT THE RECOMMENDATIONS CONTAINED IN THE 2017 PROJECT REPORT -- THE MONTANA JOBS PROJECT, A GUIDE TO PHOTONICS AND ADVANCED ENERGY JOB CREATION

Key Strategy:



· Create a task force consisting of appropriate state agency personnel with representatives of the Montana University System and the Montana Photonics Industry Alliance (MPIA) to review The Montana Jobs Project report recommendations and advance them as deemed appropriate.



[bookmark: _bookmark29]3D: CONTINUE THE STATE’S EFFORTS TO EVALUATE, EXPAND EXISTING AND RECRUIT NEW INDUSTRIES TO MONTANA THAT REDUCE CARBON EMISSIONS OR SEQUESTER CARBON WHILE PROVIDING WELL-PAYING JOBS AND INCREASING TAX BASE

Key Strategies:



The primary benefit of this recommendation is to leverage existing efforts and successes in sectors where Montana exhibits comparative and competitive advantages. The following are examples of existing efforts by the state to develop industries that will help address climate change. More work is required to identify additional industries and to evaluate their current needs relative to the innovation landscape.



· Advanced Energy Storage – including efforts to produce advanced batteries or battery components, pumped storage hydroelectric projects (case study noted previously) is designed to balance variable power and could firm over 2GW of renewable energy generation. Renewable hydrogen storage and energy generation project

· Agriculture – including efforts to develop agricultural practices / projects to increase soil carbon, efforts to facilitate the emerging market for carbon-rich soils, value added-processing, precision agriculture and others.

· Biofuels – including opportunities to produce aviation jet fuel or fuel for heavy duty truck transport from woody biomass.

· Forestry - Mass timber construction and wood products innovation – including efforts to develop new structural construction materials, and products like wood-fiber insulation and wood gasification for combined heat and power as well as biochar production that can be used in agricultural applications.



Section II. Building Resilience to Prepare Montana’s Communities, Economy and Workers for Transitions



Montana’s economy and energy sectors are undergoing rapid transitions. These transitions result from a

series of market, policy, and technology developments that are largely outside of Montana’s direct

control. Impacts on natural systems, infrastructure, and sectors of Montana’s economy as a result of



climate change will introduce new challenges and changes that Montana will need to respond to. The important point is that while transitions destabilize existing communities, businesses, and public institutions— necessitating efforts to minimize negative impacts—transitions also create opportunity for new, creative innovations, and systems to emerge.



The Council was tasked by Governor Bullock’s Executive Order 8-2019 with identifying strategies to prepare Montana’s communities, economy, and natural systems for transitions associated with climate change. The Technology Innovation for Climate Solutions and Community Transitions Committee

focused on resilience as a framework for assessing the existing capacity of Montana’s public institutions (state agencies, political leaders, and the university system) to help families, communities, workers and the economy prepare for and respond to change.



Drawing from the literature and the expertise of Committee members, the Council has laid out a preliminary definition for transitions and the key components of resilience. Highlighted here are the Committee’s early discussions and outreach to identify key vulnerabilities and barriers that challenge the resilience of families, communities, workers and businesses in Montana. Additionally, the Committee’s framing draws on the experience of the Resources and Communities Research Group (RCRG) at Montana State University working with rural Montana communities.



Transitions are defined most simply as changes from one state to the next. Montana is already

experiencing rapid and dramatic transitions in the state’s energy markets and policy, economic geography, and economy. Rather than focus on a list of sectors or communities facing transition, the Committee has defined transitions as system changes that affect multiple things at the same time— families, communities, economic sectors, natural systems, or technology—and which occur at multiple scales, local to regional. Working with a focus on transitions in systems, the Committee can identify processes that explain how transitions happen in general, and how the state can prepare for ongoing transitions and for economic, demographic, and natural changes that are still uncertain or unknown.



For example, Montana and the U.S. are experiencing a structural economic transition away from manufacturing and natural resources sectors to services and innovation-related activities that began in the mid-1970s. The transition is driven by productivity gains in primary and secondary sectors and trade that has reduced the number of high-wage, skilled jobs in traditional sectors. Consequently, the state’s economic geography has changed over the past several decades: today, most new growth is	Comment by OWner: I am going to push back on part of this narrative. Given climate change we will see the fossil fuel industry decline dramatically in the next 3 decades. However the forestry and wood products will see a dramtic resurgence. This is evidenced by the Mass Timber manufacturing boom that is occurring around the world.  This will only accelerate. The demand for wood fiber as insulation materials, feedstocks for energy, both CHP and liquid fuels will grow substantially. The opportunity to grow more wood by extending rotations on corporate ownerships and affording to do forest stand improvements/hazard reduction treatments all point to a substantial increase of raw material and the need for skilled workers in the forest and in rural communities near the forests. Your statement here is too broad brushed. The new processing plants will be highly automated so the number of workers will be a fraction of the number needed 40 years ago but that is true of virtually everything. These new plants are going to produce secondary and tertiary products for use in the urban areas so much of the construction will be in the wood manufacturing plant instead of onsite in the urban location so we will see a migration of some of those urban jobs to more rural locations.

concentrated in the state’s largest cities and many rural communities are falling behind. These economic and geographic changes interact with natural resources and climate related impacts on communities.

For example, the forest industry has restructured and automated in ways that require fewer workers, affecting rural communities and labor. Existing infrastructure and planning systems limit the capacity of the industry to treat forests at higher risks of wildfire due to climate change, historic forestry practices, and greater risks due to development in the Wildland Urban Interface. These interlinked transitions will require coordinated planning and responses from public agencies, communities, labor, universities, and industry.	Comment by OWner: Infrastructure can be developed, planning and the development of social license can be changed and needs to be changed for the very reason of the risk to WUI which carries into the heart of most Montana cities.  This council with the diversity of organizations represented can be an effective tool to help build the social license for taking actions that will help all Montanans in the long-run. We can’t hold onto old ways of thinking from the ‘70’s and 80’s on forest management. The work done on National Forests over the past 25-30 years is dramatically different from earlier decades. We need to embrace the changes made and map out additional changes given the path the changing climate is mapping for us. Building resilience in the forest, capturing and storing or using biogenic carbon in the trees that need to be removed are compatible goals. Growing trees larger and longer can store more carbon AND make more wood available to a sustainable society.



Although transitions will have negative impacts for some Montanans to negotiate, preparing for and making the transitions will also provide opportunities for otherspositive aspects and we need to do our best to match these two sets of people together. Building the resilience and capacity of Montana’s communities will focus on collecting and sharing information, supporting sustained and robust planning, and prioritizing



local economic development strategies. The Committee is focused on the concept of resilience to better understand Montana’s vulnerabilities and risks and identify recommendations where public policy and institutions can act.



Addressing vulnerabilities and removing barriers to increase Montana’s resilience to climate change will require sustained and meaningful collaboration and partnerships among public institutions, business and labor organizations, non-profit and philanthropic organizations, and community leaders.



Efforts to plan for community transitions can be synergistic with climate adaptation planning. Partnerships, information, and capacity built in communities, state agencies, and other partners can be coordinated. The Council encourages readers to think about recommendations and key questions in the climate adaptation and community transition sections of this report to identify how they can be coordinated.

Preliminary Council Consensus Recommendations:



The most effective policies for building the resilience of Montana’s communities, institutions and economy are those that directly address identified vulnerabilities or replace barriers with new capacity and opportunity.



[bookmark: _bookmark30]3E: Adopt and support the Montana Ready Communities Initiative

Key Strategies:



· Explore dedicated funding to staff the initiative and offer capacity to communities. Communities must be resourced to collect and share information, maintain peer to peer learning across communities, identify and prioritize local needs, and implement strategies to build resilience. Communities that make planning a habit and have strong networks are better able to respond to shocks.

· Disseminate statewide the Montana Resiliency Toolkit developed from the Montana Ready Communities Initiative (MRCI). The Montana Department of Commerce will work with the Climate Solutions Council to lead this effort that is currently underway as a component of the Montana Resiliency Framework developed by MRCI. The distribution of the toolkits will hopefully have a positive effect across Montana as communities use these tools to conduct resiliency planning

· Determine how the Department of Commerce and MRCI can support the emerging network of tribes, local governments, and other entities or stake holders from across Montana that have adopted climate action plans through MSU Extension’s Climate Smart Montana effort. Develop strategies to link communities or entities that have capacity and experience creating and implementing climate action plans with interested parties who may lack capacity or resources.



[bookmark: _bookmark31]3F: Prepare Montana’s workforce for opportunities in a changing

economy and in sectors important to climate mitigation and adaptation

Key Strategy:



· Expand funding and capacity for apprenticeship programs and partnerships between technical colleges, businesses and labor that provide wage earning opportunities through periods of on-the-job training and transitions.



[The Council looks forward to working with labor, state agencies, and other stakeholders to agree on and propose additional recommendations. Council members encourage readers to review the detailed questions below regarding workforce recommendations.]



[bookmark: _bookmark32]3G: Reform Montana fiscal policy to address economic transitions

Key Strategies:



Montana’s economy is transitioning away from natural resource sectors and toward services. The economic transition will have fiscal implications because of the state’s existing tax structure that taxes natural resourcefossil fuel sectors more highly than other economic activities (such as health care, the fastest growing employment sector in the state). See https://leg.mt.gov/content/Committees/Interim/2017- 2018/Revenue-and-Transportation/Taxes-Changing-Economy/Meetings/Mar- 2018/Exhibits/MontanaEconomyandTaxRevenue.pdf). Currently, two legislative interim Committees in the Montana legislature are studying and making recommendations for possible reforms to the state’s tax structure. These reforms should include revenue and budget policies that help build resilience and support transition planning. For example, greater autonomy for local governments to manage volatile revenue and save for transition and adaptation needs, dedicated state and local resources to bolster and sustain adaptation and transition planning over time, and new revenue policies that broaden the tax base, address inequities and generate more sustainable and predictable revenue as the economy continues to restructure and grow.	Comment by OWner: This phrasing is problematic. Forestry and wood products are natural resources, water management for cities, agriculture and fisheries are natural resources, wildlife are natural resources, reducing fire risk is natural resource management.  Do you mean we are transitioning away from fossil fuel extraction?  Yes that is true. Mining will still be important look at the amount of copper and lithium that will be needed to do the amount of electrification this plan calls for in transportation, wind mills, solar panels and home heating.  Where will that come from? Where are all the battery minerals going to come from? The US and Montana are foolish to think we are going to import all of that.  We put our national security at huge risk by relying on China for all our batteries. We need to recognize the strategic importance of mining these minerals AND we need to make sure we mitigate the pollution that can be generated by these.	Comment by OWner: This is great, this council needs to acknowledge this as part of the communication efforts of the final report.



Questions to guide partner and public feedback:



· What developing industries that address climate change in Montana would benefit from the dedicated research, development, and commercialization strategies identified by the innovation landscape? We need to be thinking of circular economies and how to make them work. This requires design and engineering rethinking, landfills and waste will become part of the past. Embodied energy will no longer be thrown away. Energy efficiency will be truly valued financially as the price of fossil carbon is internalized. Here are a few that should be focused onin the near term:

· Wood products and construction - Engineered wood products that can make big wood out of small pieces, wood fiber insulation and manufacturing processes that make and ship house components including windows, rough electrical and plumbing, etc. MT and other wood rich states have the opportunity to capture a lot of employment and conservation of resources by reducing waste and gaining manufacturing efficiencies, but it needs private and public partnerships to move quickly.These technologies all exist but need the help of the innovative landscape to become a reality.

· Biorefineries – drop-in fuels and other refined products (adhesives, medicines, clothing fabric, bioplastics, etc) from wood and ag residues. Transitioning the refineries in Billings and Great Falls to using biomass as feedstocks will take time and investments of capital and training. Montana universities, departments of Commerce, Agriculture, Natural Resources and Conservation and Environmental Quality will need to be deeply involved.

· Chemical fertilizers need to be replaced with biologically based fertilizers. The production of biochar and its use in absorbing nutrients from animal and human waste require work in the logistics and infrastructure development. We currently spend millions on disposing of this “waste stream” without using the nutrients. This is a prime opportunity for the circular economy idea, but it needs the support of the innovation landscape. This helps both adaptation and mitigation goals.

· How can the Council better assess existing University capacity to deliver climate-relevant technology research? Convene a workshop(s) with industry, ag, forestry companies, agencies and federal research agencies (ARS, USFS, USGS, DOE, etc) invite philanthropic organizations with a climate change emphasis, also include investment banks and other investment companies. The purpose would be to list and prioritize sectors and topics within the sectors that need knowledge gaps filled. There should be annual meetings to report results and re-examine the priorities in case they need adjustment. The focus will be on supporting the whole supply chain. The council should consider having this a multi-state effort to capture synergies from combined resources. Idaho, OR and WA have similar combinations of mountainous forested areas and agricultural lands also similar wind, solar and hydro resources. Federal support would be easier to get if regional efforts are made.

· How can the Council best engage industry partners to form a shared innovation vision for Montana?  See above.

· What is the right organizational structure that best delivers resources and capacity to communities?  Organzing around groups of counties with similar resources, issues and topics to address, then it will be easy to bring in businesses that match that geography and topics Where does dedicated funding come from? A fossil carbon tax or the coal severance fund.

· How can the state consider and adopt new approaches that address the acute needs of workers in transition?

· How can climate policy address fiscal risks facing the state? It is not clear what risks you are talking about. Do you mean the increased costs for firefighting? Health risks from more smoke pollution? The risks of more flooding? The declining revenue from farmers paying taxes when droughts occur? Or are you talking about the risk of declining revenue as coal, oil and gas production go down affecting the revenue stream to the state treasury?

For the first set of questions we should impose a tax on fossil C to set up a fund to cover emergency costs induced by climate change, and assistance to businesses impacting by climate change.  For the second we need to diversify the tax base to get more from tourists visiting the state and using our infrastructure, We need to turn renewable energy into a tax revenue source.

· What is the role of tax policy in confronting climate change? As stated repeatedly, a carbon fee and dividend is the most effective way to promote implementation of the innovations that are out there. It will drive many of the mitigation measures and some of the adaptation measure this paper identifies. 1% of the fee could be used to help transition coal, oil and gas displaced workers.



Key question around workforce training and transition:

Addressing ongoing and future transitions in Montana’s economy and communities must address the needs of the current and future workforce. Transitions displace existing workers and

Montanan’s just entering the workforce must be prepared for a different set of skill and education

requirements associated with different types of jobs.

The Council seeks feedback on strategies the state can pursue related to preparing Montana’s workforce for transitions. The Council began conversations but did not arrive at consensus recommendations. The Council will continue to engage with the public and partners to develop recommendations for consideration in the final report. Based on emerging knowledge and best practice, we want the conversation to focus on apprenticeships rather than retraining, including linking trade and skill training in schools and community colleges to apprenticeship programs. We also want feedback on possible recommendations related to securing prevailing wages for Montana workers and providing opportunity for collective bargaining.	Comment by OWner: I agree the use of apprenticeships is critical to the success of transitioning workers and their families. If we are going to get people working in those areas to support the policies needed to avoid the catastrophic effects coming with climate change.
   Requiring prevailing wages and opportunities for collective bargaining can assure workers their interests are properly considered.

We also seek feedback on strategies the state can pursue to achieve workforce goals. For example, should the state use its own spending and contracting authority to require workforce goals are met (e.g., required apprenticeship programs on major public projects), should the state directly fund trade and skill programs with apprenticeship opportunity and where should funds come from, or should the state mandate collective bargaining and prevailing wages in particular industries central to meeting the state’s climate goals.



List of Recommendations:



1A: SUPPORT A COMMON FRAMEWORK FOR PREPARING FOR CLIMATE IMPACTS AT MULTIPLE SCALES BY GROWING AND SUSTAINING CLIMATE SCIENCE AND INFORMATION DEVELOPMENT	4
1B: ESTABLISH A CLIMATE ADVISORY COUNCIL WITHIN THE MONTANA UNIVERSITY SYSTEM TO COORDINATE RESEARCH AND ASSESSMENT NEEDS AND FACILITATE EXTENSION OF CLIMATE INFORMATION AND SERVICES TO MONTANANS	4
1C: BUILD COMMUNITY RESILIENCE TO CLIMATE CHANGE THROUGH EFFECTIVE PLANNING	5
1D: ADAPT MONTANA’S BUILT ENVIRONMENT TO CLIMATE CHANGE	5
1E: PROTECT OUTDOOR RECREATION AND TOURISM RESOURCES TO MAINTAIN A DIVERSE AND HEALTHY ECONOMY, POSITIVE MENTAL AND PHYSICAL HEALTH OUTCOMES, AND A RESILIENT, HIGH QUALITY OF LIFE FOR RESIDENTS AS WELL AS VISITORS	6
1F: BUILD THE RESILIENCE OF MONTANA’S PRIVATE WORKING LANDSCAPES (FARMS, RANGELANDS, AND FORESTS) AND SUPPORT VOLUNTARY AND INCENTIVE-DRIVEN EFFORTS FOR CLIMATE SMART MANAGEMENT THAT REDUCES RISKS, IMPROVES BOTTOM LINES, AND ENHANCES CARBON STORAGE IN SOILS, FORESTS AND WOOD PRODUCTS	7
1G: SUPPORT CLIMATE RESILIENT FORESTS, RANGELANDS, AND WILDLIFE USING AN ALL-LANDS, ALL-HANDS APPROACH ACROSS OWNERSHIP BOUNDARIES	7
1H: PROTECTING MONTANA’S WATER QUALITY AND QUANTITY FROM CLIMATE CHANGE	8
2A: MODERNIZE MONTANA BUILDING ENERGY CODES AND ADMINISTRATIVE PROCESSES TO PROMOTE ENERGY EFFICIENCY AND OTHER CLIMATE BENEFITS	12
2B: ESTABLISH A GRADUATED ENERGY EFFICIENCY STANDARD, A DEMAND RESPONSE STANDARD, AND AN ENERGY STORAGE STANDARD FOR THE STATE’S INVESTOR OWNED UTILITIES (IOUS)	12
2C: ADVANCE EFFORTS TO PROMOTE ENERGY EFFICIENCY THROUGH TOOLS LIKE ON-BILL FINANCING13
2D: ADOPT RATE STRATEGIES LIKE DECOUPLING, TIME-OF-USE RATES, INCLINING BLOCK RATES AND/OR PERFORMANCE MEASURES TO FACILITATE ENERGY EFFICIENCY	14
2E: SUPPORT PROGRAMS TO ADVANCE COMMERCIAL ENERGY AUDITS, GRID-INTEGRATED WATER HEATERS, AND MOBILE HOME REPLACEMENT	15
2F: REQUEST A LEGISLATIVE STUDY ON THE UNIVERSAL SYSTEM BENEFITS PROGRAM FUNDING MECHANISM FOR ELECTRIC CUSTOMERS	15
2G: ENCOURAGE EXPANDED COMMUNITY SOLAR DEVELOPMENT AND ENACT POLICY TO ENABLE SHARED SOLAR FOR INVESTOR OWNED UTILITIES	16
2H: PROVIDE INCENTIVES FOR SOLAR-READY AND SOLAR-INTEGRATED DESIGN AND BUILDING	16
2I: STUDY THE FEASIBILITY OF ENCOURAGING GREATER UTILITY SCALE RENEWABLE ENERGY DEVELOPMENT THROUGH REDUCING PROPERTY TAXES ON NEW RENEWABLE ENERGY IN MONTANA	17
2J: ENCOURAGE THE PUBLIC SERVICE COMMISSION TO OPEN A DOCKET ON ENERGY STORAGE AND EXPLORE STATE INCENTIVES FOR THE INSTALLATION OF UTILITY-SCALE STORAGE DEVELOPMENT	17
2K: ADVANCE EFFORTS TO TAKE ADVANTAGE OF A COORDINATED WESTERN ELECTRICITY MARKET 18
2L: ADOPT LOW EMISSION VEHICLE STANDARDS AND ESTABLISH TAX INCENTIVES FOR LOW AND ZERO EMISSIONS VEHICLES	18
2M: ADVANCE COMPREHENSIVE STRATEGIES TO DEVELOP AND EXPAND ELECTRIC VEHICLE INFRASTRUCTURE AND ACCESSIBILITY	19
2N: IMPROVE STATEWIDE TRANSPORTATION MANAGEMENT TO FOSTER ALTERNATIVES AND SUPPORT THE NEEDS OF COMMUNITIES	20
2O: IMPROVE GREENHOUSE GAS EMISSIONS AND CARBON SEQUESTRATION INVENTORY AND ACCOUNTING SPANNING NON-ELECTRIC AND TRANSPORTATION SECTORS ACROSS MONTANA’S ECONOMY	20
2P: ADVANCE EFFORTS TO DEVELOP AND DEPLOY CARBON CAPTURE AND STORAGE TECHNOLOGIES (CCS)	22
2Q: INCREASE THE ALLOWABLE SYSTEMS SIZE FOR DISTRIBUTED GENERATION SYSTEMS	23
2R: INCREASE AND UPDATE THE STATE RENEWABLE ENERGY PORTFOLIO STANDARD	23
3A: MONTANA, LED BY THE MONTANA SCIENCE AND TECHNOLOGY COMMITTEE AND THE OFFICE OF THE COMMISSIONER OF HIGHER EDUCATION, SHOULD IDENTIFY KEY OPPORTUNITIES FOR TECHNOLOGY-LED ECONOMIC DEVELOPMENT, PRIORITIZING AREAS THAT ASSIST WITH CLIMATE CHANGE TRANSITIONS AND MITIGATION	29
3B: THE MONTANA LEGISLATURE SHOULD INVEST IN INITIATIVES THAT BUILD UNIVERSITY/INDUSTRY/SOCIETY INNOVATION LINKAGES TO ADDRESS KEY MONTANA CHALLENGES, INCLUDING CLIMATE CHANGE	29
3C: IMPLEMENT THE RECOMMENDATIONS CONTAINED IN THE 2017 PROJECT REPORT -- THE MONTANA JOBS PROJECT, A GUIDE TO PHOTONICS AND ADVANCED ENERGY JOB CREATION	30
3D: CONTINUE THE STATE’S EFFORTS TO EVALUATE, EXPAND EXISTING AND RECRUIT NEW INDUSTRIES TO MONTANA THAT REDUCE CARBON EMISSIONS OR SEQUESTER CARBON WHILE PROVIDING WELL-PAYING JOBS AND INCREASING TAX BASE	30
3E: ADOPT AND SUPPORT THE MONTANA READY COMMUNITIES INITIATIVE	32
3F: PREPARE MONTANA’S WORKFORCE FOR OPPORTUNITIES IN A CHANGING ECONOMY AND IN SECTORS IMPORTANT TO CLIMATE MITIGATION AND ADAPTATION	33
3G: REFORM MONTANA FISCAL POLICY TO ADDRESS ECONOMIC TRANSITIONS	33
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Also with this technology, it creates a by product of Biochar that has many uses best of all can
be utilized as soil amendment for Ag with major water and nutrient retention thus
rehabilitating thousands of acres of once unproductive land and also enhancing quality and
quantity of crops on other land.  And with its ability not to degrade, becoming a carbon sink
retaining carbon in the soil for over a thousand years. 

Unfortunately, the cost to bring our forests back to health has been on the shoulders of us tax
payers, which results in the inability to treat many acres, creating a domino effect of millions
of acres burned at the cost to the state. With the focus on the above mentioned info there is a
true monetized value in achieving these benefits.  There is multiple reports commissioned by
USDA that took years to put together that does just that. I ask that that you review this info to
understand that the accrued offsets from these benefits will be monumental in acreage treated
in our forests. 

I am not aware at the moment of current studies.  But I have attached two older studies that are
very easy to plug into conditions and forest types in Montana.  

I agree with the comments made by Dave Atkins (see attached) and ask that you heavily weigh
his comments.  

I thank you for your time and consideration in helping the state address these important tasks. 
Should you have any questions or need any further information, please feel free to contact me. 

Sincerely,

Kevin Jump, Owner/President
John Jump Trucking, Inc.
Phone: 406-249-1000

"Serving the timber industry since 1957."

DEQ Edit: References
Morris, G. 1999. The Value of the Benefits of U.S. Biomass Power. National Renewable Energy Lab. 
Golden, CO.

Nechodom, M., 2009. Biomass to energy: forest management for wildfire reduction, energy production, and 
other benefits. US Department of Agriculture, Forest Service, Pacific Southwest Research Station for 
California Energy Commission, Public Interest Energy Reserach (PIER) Program. CEC-500-2009-080, 
Albany, CA, pp.1-141.
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BIOMASS TO ENERGY: FOREST MANAGEMENT FOR WILDFIRE REDUCTION, ENERGY PRODUCTION, AND OTHER BENEFITS
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e Department of Environmental 
Quality’s Smoke Management Program, highlighting the ability to use prescribed fire for forest 

and vulnerabilities and implement hazard mitigation plans that incorporate climate impacts. 
Evaluate vulnerabilities for Montana’s critical infrastructure (roads, bridges, power lines, 
telecommunications etc.) and develop coordinated federal, state, local and tribal nation 
resiliency strategies where needed. 

 Ensure local governments have access to updated information concerning current and future 
high-risk floodplain and wildfire prone-wildland urban interface zones. Support state and local 
code updates to further reduce risks and impacts.MT DNRC will develop template codes and 
construction material and methods guidelines for cities and counties to consider adopting  for 
development in the wildland urban interface and floodplain zones. Including sample 
landscaping guidelines and codes. 

 Implement active management across ownership boundaries to reduce wildfire risks and sustain 
watershed functions as identified in Montana’s updated Forest Action Plan. Implement an 
engagement process to educate and inform stakeholders on the 

the need for funding to improve smoke management 
forecasting. 

 Prescribed burning across the landscape and in and around buildings is an essential tool for
reducing wildfire risk. State law regarding liability needs to be changed in Montana to 
encourage landowners to do more of it. The governor will establish a task force from DRNC 
and the EQC to look at other states laws and develop proposed legislation to address this 
issue. 

 Support local governments to integrate flood, disaster, and wildfire protection planning with 
community land use planning and decisions when requested by local officials. 

 Ensure local infrastructure such as schools, hospitals, community centers, and shelters 
incorporate adaptation strategies to address the needs of the young, sick, aging and other 
vulnerable populations related to climate impacts such as smoke and air quality, extreme heat, 
flooding, winter emergencies and distributed energy needs. 

 Expand the use of nature-based solutions that use natural systems, mimic natural processes, or 
work in tandem with traditional approaches to address natural hazards like flooding, erosion, 
drought, and heat islands. Incorporating these nature-based solutions in local planning, zoning, 
regulations, and built projects can help communities reduce their exposure to these impacts, 
resulting in reduced costs, economic enhancement, and safer, more resilient communities. 
Examples include urban park development, beaver mimicry, wetland and riparian restoration 
etc. 

 Increase urban forest canopy in communities large and small to provide cooling shade, sustain
public health, capture carbon and reduce energy consumption. The governors office will work 
with the EQC to evaluate the economic benefits of state investments to achieve this and draft 
legislation. 

1E: PROTECT OUTDOOR RECREATION AND TOURISM RESOURCES TO MAINTAIN A 
DIVERSE AND HEALTHY ECONOMY, POSITIVE MENTAL AND PHYSICAL HEALTH 
OUTCOMES, AND A RESILIENT, HIGH QUALITY OF LIFE FOR RESIDENTS AS WELL AS 
VISITORS 

fuel reduction on a year-round basis and 

Commented [O1]: It is important in these documents to make 
clear that most of Montana urban areas are in the WUI. And these 
construction methods need to apply in most places. Paradise, Santa 
Rosa, CA Ft. MacMurray in Canada, Wenatchee, WA, Santa Barbara, 
CA have all demonstrated this is not just an issue on the fringe of 
town. 

Commented [O2]: Statewide templates will help with 
consistency between cities and counties.Itwill save the local 
authorities time in researching these topics. 

Commented [O3]: There are three levels of liability: Strict 
Liability, Negligence and Gross negligence. Montana applies a strict 
liability approach to planned burning which provides a significant 
barrier to  using this vital tool. If we are going to have a resilient 
landscape and an adaptable built environment this needs to 
change.  Numerous other states have laws reflecting this important 
difference. The governor should establish a task force to assess 
other states and develop proposed legislation in conjunction with 
the legislature’s EQC. 
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Key Strategies: 

 Develop and strengthen networks of outdoor recreation and tourism professionals across 
agencies, jurisdictions and the private sector to improve collaborative approaches to identifying 
risks and vulnerabilities and to adaptation planning. 

 Poor air quality from smoke in the summer from wildfires is a significant threat to every 
aspect of this topic. Harvesting trees and other mechanical treatments combined with 
planned burns can significantly reduce the amount of smoke produce from a wildfire. 

 Develop climate information and tools specific to the outdoor recreation and tourism sectors
and include climate adaptation strategies related to outdoor recreation and tourism in local 
plans and policies such as parks and recreation plans and hazard mitigation plans. 

Commented [O4]: Who is responsible for doing this? If you 
don’t identify which agency is responsible then it won’t get done. 

Commented [O5]: This is an item that has strong linkages to 
section 2 on GHG emission reductions. Proactive fuel reduction that 
includes harvest can help store carbon in long-lived products and 
can reduce the need for fossil carbon emissions for energy 
production. This is a strong synergy related to principle #5 
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 Identify and support funding strategies to address local business recovery needs, particularly in
the travel and tourism sectors, associated with extreme weather events. 

1F: BUILD THE RESILIENCE OF MONTANA’S PRIVATE AND PUBLIC WORKING 
LANDSCAPES (FARMS, RANGELANDS, AND FORESTS) AND SUPPORT VOLUNTARY AND 
INCENTIVE-DRIVEN EFFORTS FOR CLIMATE SMART MANAGEMENT THAT REDUCES 
RISKS, IMPROVES BOTTOM LINES, AND ENHANCES CARBON STORAGE IN SOILS, FORESTS 
AND WOOD PRODUCTS 

Key Strategies: 

 Recognize Montana agriculture producers for their high adoption rates of soil health practices
including no/conservation tillage and cover crops, improved grazing systems and efforts to 
maintain and restore native rangelands. 

 Explore partnerships with producers and their associations to research conservation practice 
adoption factors, cost savings, and climate related co-benefits, such as carbon storage, 
increased water holding capacity in soils, and reductions in pest and disease risks. 

 Within one year MT Department of Ag and Extension will work with the USDA Agricultural 
Research Station, NRCS soil survey experts and MT University experts to identify which crop
soils can benefit the most from additions of nutrient loaded biochar. This practice will help 
reduce the need for chemical fertilizers and increase water holding capacity which will 
buffer the farmers in drought conditions and increase production in normal or better 
moisture years, all while sequestering carbon for centuries. 

 MT Department of Ag and Climate Office Ppartner with USDA resources like the Climate Hubs, 
NRCS, USFS State and Private Forestry and Rural Development to explore accelerate adoption of
farm-scale and regional on farm conservation and energy planning strategies. and aAlign state 
and federal funding programs to support producer-identified implementation priorities. 

 Explore opportunitiesMT DNRC, Dept of Ag partner with their counterpart USDA agencies, 
companies like Blue Forest Conservation and ngo’s to establish pilot demonstration projects for 
Montana farmers, ranchers and forest landowners to diversify income streams through 
emerging carbon markets by developing pilot projects or programs that aggregate and quantify 
enhanced carbon managementin the next two years. Consider other creative efforts that 
reward producers for climate resilience and carbon management such as cost-share or 
insurance premium reduction payments, marketing and labeling tools and others. 

 Some MT forests are too dense with trees and need trees to be removed with fire or harvest or 
a combination of both. Some forests are understocked and could store more carbon if trees 
were planted and some forests are rapidly growing but are nearing an economic maturity. All 
these forests could benefit from a carbon storage payment system that can be part of a carbon 
fee and dividend policy. Management guidelines for additional carbon storage and resilience to
fire, insects and disease needs to be published and shared with landowners/managers so that 
carbon pricing can be managed in a way that creates synergies between climate resilience, 
wood production and carbon capture and storage. A partnership between MT DNRC and 
Extension, UM College of Forestry, USFS Rocky Mountain Research scientists should be 
established to develop these guidelines in the next 12-18 months. 

Commented [O6]: If we don’t include public lands we will miss 
a huge opportunity for both adaptation and mitigation by using the 
trees that need to be removed to increase resilience. 

Commented [O7]: We need more widespread adoption of 
these practices not just research.  Research is important to help 
document carbon gains so that farmers, ranchers and forest 
landowners can get paid for additional carbon capture and storage. 
I think two different bullets separating the research and the 
straight-up adoption. We can use the existing state and federal 
extension programs to speed up adoption. 

Commented [O8]: Existing research demonstrates the efficacy 
of this technique it needs to be expanded and the research 
extrapolated to the soil survey data across the state.  This should 
also connect with the ability of landowners to get paid for carbon 
sequestration on their lands. It is a great synergistic effort 
benefiting adaptation and mitigation goals using innovative science 
and technology. 

Commented [O9]: Having a price on fossil carbon and a rebate 
mechanism for CCS would move this quickly! 
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 Target Farm Bill programs to private working lands that support drought, watershed and wildfire
resilience needs. 

 Develop a partnership between MT Department of Commerce, DNRC, USFS, Rural 
Development and private investors and philanthropy funds to Eexpand operator and 
manufacturing capacity and diversification of uses of long and short-lived wood products 
(see Chapter 3 for additional wood products innovation discussion). 

• Wood fiber insulation 
• Engineered wood products that can replace carbon intensive steel, concrete 

and other materials for bridges, buildings etc; 
• Bio-refineries that can make jet fuel, biodiesel, clothing, adhesives, medications 
• Combined and heat and power systems at smaller scale than traditional utility 

dedicated power plants. Phoenix Energy as an example designs and installs 
downdraft gasification plants that can run generators and the heat is used for 
space or water heating in buildings or manufacturing processes. These 
distributed systems an reduce the need for as many new transmission lines and 
makes it easy to efficiently use the heat that most power plants waste. 

1G: SUPPORT CLIMATE RESILIENT FORESTS, RANGELANDS, AND WILDLIFE USING AN ALL- 
LANDS, ALL-HANDS APPROACH ACROSS OWNERSHIP BOUNDARIES 

Key Strategies: 

 Continue to use the Cohesive Stategy partnerships between state, local and federal agencies to 
(Helena 360 project and Wildfire Adapted Missoula are good examples) address wildland fire risks 
through coordinating interagency planning and response, supporting wildfire-adapted 
communities, and building resilient landscapes through active planned broadcast or cutting and
piling then burning or harvesting or combining these tools forest management to improve 
safety and protect communities across ownership boundaries.  This will include managing 
wildfires when appropriate to accomplish these goals. 

 Use forest planned management fire and harvesting to create or maintain forest structure and
composition to increase resiliency to insects, disease and uncharacteristic stand-replacing 
wildfires; protect municipal watersheds; and maintain the long-term capacity of forests to 
continue to buffer emissionsabsorb CO2 serving as natural carbon capture and storage systems 
sinks. 

Formatted

Commented [O10]: The Northwest pathways report mistakenly 
thinks all the biomass will go to biofuels production.  I believe this is 
an error for several reasons: first it based its biomass estimates on 
the Billion Ton Study which assumed no biomass would come from 
forest lands 40% slopes or steeper because cable yarding 
equipment is not available, which is untrue for western Montana. It 
also doesn’t take into account new tethered logging systems for 
steep slope using forwarder systems tied or tethered by a cable 
allowing them to safely operate on steep slopes; second it doesn’t 
discuss the issues of biomass transport to central jet fuel processing 
plants; third we are currently burning in slash piles hundreds of 
thousands of tons of biomass that can rapidly used for heat and 
CHP applications. In addition the development of gasification chp’s 
would be a precursor to jet fuel production. By gasifying the wood 
the gas could be piped to a central processing plant for production 
of jet fuel which would solve the transportation issue. CHP can 
serve as the intermediate use of biomass until the development of 
jet fuel manufacturing comes on line. Lastly electrical utilities need 
firm peaking power production especially in the winter. Combined 
heat and power production is very efficient and the need to heat in 
the winter matches the need for peak power in the winter. Biomass 
CHP can fill some of the peaking demand production in a fossil 
carbon free manner. 

Commented [O11]: “active forest management” is to 
jargon/euphaism. We need to say what we mean – we are going to 
cut trees down and use them or we are going to burn them up 
periodically. 

Commented [O12]: I think using the CCS phrase consistently 
will make it more understandable to the average reader. 
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 Maintain a diverse rangeland ecosystem that supports agriculture, recreation, wildlife and
pollinators across all ownerships through coordination, flexible tools and conservation 
incentives. 

 Promote Reward best management practices for building resiliency in rangelands to increase 
soil carbon and soil water holding capacity 

 Support establishment or enhancement of infrastructure that improves grazing management on 
rangeland, including technologies for monitoring range and stockwater conditions and livestock 
health. 

 Provide extension support for the adoption of agroforestry practices and permaculture that 
can support food production, carbon storage and improve water quality. 

 Strengthen existing partnerships and build new collaborations across agencies, disciplines and 
jurisdictions to share knowledge and ensure the climate adaptation needs of species, habitats 
and ecosystems are incorporated into relevant planning and management. 

 Prioritize and conduct additional research and vulnerability assessments for species, habitats, 
and ecosystems as part of periodic statewide climate assessments. 

 Provide end users and decision-makers with information about climate change effects on fish, 
wildlife, habitats, and ecosystems; adaptation and mitigation options; training opportunities; 
case studies; recommended peer-reviewed research; and contacts in a user-friendly format. 
Encourage use of this information in adaptation planning and project environmental reviews. 
Monitor integration of wildlife adaptation efforts into state agency projects, environmental 
reviews, plans, and relevant communications and training. 

 Strengthen partnerships between local, state, federal, and tribal government; private
landowners; and conservation organizations to implement landscape-scale 
conservationcross boundary landscape scale prescribed burns and harvests to increase 
resilience to wildfire and insects and disease so that forests can continue to store carbon 
after the disturbances, provide desired watershed function and wildlife habitat which 
are essential to the Montana economy and way of life. Only by dramatically increasing 
the scale and pace of such treatments can we alter the extent and severity of these 
disturbances. 

 Protect, enhance, and restore rivers, streams, lakes, reservoirs, wetlands, and riparian areas that
are critical to fish, wildlife, and plant populations. Provide for aquatic organism passage, where 
appropriate. 

 Continue to prevent and minimize the spread of invasive species and insect and disease 
infestations that can be exacerbated by climate change including policies and programs for
monitoring, early detection and rapid response. 

1H: PROTECTING MONTANA’S WATER QUALITY AND QUANTITY FROM CLIMATE CHANGE 

Key Strategies: 

 Promote Enhancing wetland and stream function through restoring and protecting 
river and stream corridors, floodplains and wetlands to protect water quality and quantity 
as snowpack declines is essential.and supporting related education efforts.Montana 

Commented [O13]: The best way to “promote” this is to pay 
farmers for storing carbon in their soil. We need to support a 
carbon fee policy that provides rebates to CCS whether it is 
technological or natural storage or a combination of the two. 
Promote is too soft and vague 

Commented [O14]: Silvopasture, riparian perennial plant 
communities grasses or woody shrubs like hazel nuts are 
techniques that can get more benefits from the same acres. 

Commented [O15]: Too vague and not clearly tied to climate 
change goals. 

Commented [O16]: Too weak and vague. We need actionable 
items and mechanisms to incentivize implementation. 
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DEQ, DOA and DNRC will form a coalition of municipal watersheds and agricultural 
irrigation providers, NRCS and ngo’s to adopt price increases which will provide 
funding to implement water conservation and nutrient management actions such as: 

• More efficient irrigation systems; 

• Beaver population augmentation and human constructed dams mimicking
beavers to naturally store more water in the upper reaches of watersheds 
to sustain flow in later summer. 

• Agroforestry practices such as riparian buffers growing perennial crops to
help filter nutrients and sediment from streams while also providing shade 
to keep temperatures lower. 

• Graywater use for irrigating yards and greenspace in urban/suburban areas.
 Integrate local drought and water quality planning into other climate and land use planning

efforts. 
 Invest in tools to improve statewide monitoring and assessment of water resources. 
 Incorporate green infrastructure and adaptive water management that combine flooding 

mitigation, water storage, and water quality improvement into stormwater infrastructure and 
natural storage utilizing ditches, floodplains, and irrigated lands. 

Formatted

Commented [O17]: See additions above. I think the more 
specific actionable items with responsibility assigned to an 
organization is important. 

#11a-05



12 | 

Questions to guide partner and public feedback: 

 How can Montana best coordinate climate services to bridge the gap between climate 
information and action to prepare communities for impacts? What should be the role of the 
university system and state government? The universities are key for helping bring new 
technology and ideas to the table and provide studies to test and evaluate them. The state 
government through agencies and extension services can support the private sector with 
information and creating funding mechanisms to provide investments in new methods. 
They can serve as catalysts in the process. How should this work be funded? The state 
should consider a tax on fossil carbon to help fund these efforts. The tax would be assessed 
on the source of the problem and it helps provide a market incentive to use less of it.

 How can the state best support the unique climate planning needs of local governments? How 
can it learn from and support the climate adaptation efforts of tribal nations? Traditional 
ecological knowledge from the tribes is valuable in learning to adapt. One example is: Indians 
used fire as a tool to manage wildfires and the vegetation landscape to support their needs 
for food, safety, etc. Providing a better understanding of this to the general public, 
landowners and agencies should be part of the process of changing our current culture’s 
relationship to fire and its use. 

 How can the state and university system better understand the climate information and support 
needs of businesses across key sectors of the economy: including agriculture, construction, 
natural resources, forestry, health care, outdoor recreation, tourism and others? Develop 
working groups that include trade association groups and ngo’s so that the business 
community, conservation groups are at the table for all of these discussions. 

 How can the state and university systems support planning that is adaptive to changing
conditions and emerging science about climate impacts? 

 How can capacity that is built to address climate adaptation goals also benefit community 
transition planning and strategies? How should the climate Council consider opportunities to 
integrate climate adaptation planning with community economic development and workforce
planning needed to foster resilience and prepare for transitions? How can partnerships, 
information, and capacity be leveraged? 

 Is there value in developing estimates of the costs and benefits of climate preparedness and
impacts? 

 What adaptation strategies are missing? The linkage between using slash from forest 
management to create biochar which can be used to mitigate concentrated animal feeding 
nutrient pollution problems to provide a slow release no fossil carbon based fertilizer system, 
that stores captured carbon from the trees in the soil while it also increases soil water holding 
capacity is not explicitly identified.  It is a proven technique but the development of the 
business supply chain does not exist to have it operate at scale. Where can recommendations 
be strengthened or prioritized to have the most impact?Many of the recommendations are 
worded very softly or vaguely such that it is not clear who is responsible for implementation 
and what time frame it is expected to be accomplished in. If we want this plan to make a 
difference people/organizations need to be accountable.  What other risks and vulnerabilities 
need to be addressed? 

 How do we align existing programs and resources, build capacity and secure funding for 
planning and implementation of these strategies? 

Commented [O18]: Another example of how a Carbon Fee and 
Dividend would provide the market price signal to change behavior. 
It is also another example of where jobs would be created in rural 
settings. You won’t have one largec chemical fertilizer plant, rather 
you will have many smaller distributed plants. 
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2. Strategies to Reduce
Greenhouse Gas Emissions

Executive Order 8-2019 requires the Climate Solutions Council to develop a Montana Climate Solutions 
Plan that includes recommendations to achieve an interim goal of net greenhouse gas neutrality for 
average annual electric loads in the state by no later than 2035 and a goal of net greenhouse gas 
neutrality economy-wide at a date to be determined by the Council. 

The Council formed the Greenhouse Gas Mitigation Committee to begin to formulate strategies that can 
achieve the goals outlined by the Governor. According to the Federal Government’s 4th National Climate 
Assessment released in 2018, “in the absence of more significant global mitigation efforts, climate 
change is projected to impose substantial damages on the U.S. economy, human health, and the 
environment. Under scenarios with high emissions and limited or no adaptation, annual losses in some 
sectors are estimated to grow to hundreds of billions of dollars by the end of the century. The sooner 
and more aggressively we take action to reduce emissions the lower the economic impact will be. It is 
very likely that some physical and ecological impacts will be irreversible for thousands of years, while 
others will be 
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permanent.” The urgency to respond to these threats is significant, and Montana has an opportunity 
and obligation to our citizens and their descendants to provide leadership and both prepare for and 
inform future Federal policies in response to climate change. 

Using available data and studies, the Greenhouse Gas Mitigation Committee began to wrestle with what 
at first appears to be a simple math problem derived from the Executive Order’s goals, but upon closer 
inspection requires a dynamic understanding of the electric supply system, its regional context, and the 
role different sectors of the economy play in producing greenhouse gas emissions and could possibly 
play in reducing emissions. To understand possible scenarios to achieve the Governor’s goals there are a 
number of variables at play, ranging from the known (future generation facility retirements, planned 
resource acquisitions) to the uncertain (future population growth, rate of electric vehicle adoption and 
the corresponding demand for more electricity, emerging technologies, etc). To address common needs 
of policy and decision makers, often these variables must be coupled with additional assumptions 
regarding cost and system integration, allowing for evaluations of whether the mix of resources and 
infrastructure ultimately meets widely held goals such as maintaining electric system reliability and 
affordability. 

Several studies and models have been developed to assist states, regions and utilities understand least 
cost alternatives and pathways toward achieving emissions reductions goals or targets. These modeling 
efforts of future scenarios can help structure stakeholder conversations, better inform decision makers 
regarding tradeoffs, and provide the context needed to design and implement policy packages that are 
consistent with long-term goals. 

George Box famously said that “all models are wrong, but some models are useful.” The goal of a 
greenhouse gas reduction modeling exercise is not to correctly determine a single solution or accurately 
predict the future—it is to inform decisions made under uncertainty, to offer a set of measuring sticks to 
evaluate the compatibility of policy options and to test those options in terms of their feasibility, costs, 
and emission reduction potential. Given the current dependence of the economy on carbon-based 
energy sources, and the interactions between sectors, a modeling effort can help scope the timing of 
infrastructure changes, technology options, investment requirements, research, development and 
commercialization needs and other areas that help align public, private and academic sector goals and 
expectations. 

The Council anticipates engaging a consultant to assist with modeling for the state that can help define 
scenarios to reduce emissions. In the interim, the Committee and Council members have reviewed 
several regionally relevant studies and modeling efforts, including the Northwest Deep Decarbonization 
Study completed by the Clean Energy Transition Institute (CETI) and Evolved Energy Research and 
presented at the December 10th full Council meeting in Helena. The study provides an economy-wide 
look at various pathways to achieve an 86% reduction in carbon from the baseline of 1990 in 2050 for 
the states of Montana, Idaho, Oregon and Washington, and the costs associated with those pathways 
using current technologies. The Council encourages partners and the public to review the CETI study 
found here: https://www.cleanenergytransition.org/meeting-the-challenge. 

Commented [O19]: Thank you for explicity stating this in the 
report it is a critically important framework to keep in mind as the 
governor considers policy options. 

Commented [O20]: I believe there is an overdependence in this 
modeling on electrification. Home water and space heating can also 
be achieved with passive solar. This used in combination with 
biomass are ways to provide heat without electricity. Passive 
solar/biomass hybrids are a relatively inexpensive heat source that 
can reduce peak demands, which is a significant issue with the 
massive electrification these models project. These alternatives also 
reduce the need for new transmission. 
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uses such as water heating, home heating and cooling, and passenger vehicles are key drivers of 

Most studies of our region offer a relatively similar set of findings: 




 Efforts to reduce the carbon intensity of electrical generation becomes increasingly important, 

primarily relying on maximizing renewable energy deployment. Use of very limited and 
intermittent reliance upon gas-fired generation to help balance loads and maintain current 
reliability standards amid new load growth, often significantly reduces the costs of transitions. 

 Similarly, efforts to reduce the carbon intensity of fuels through increasing production of 
biofuels and over time relying on emerging technologies that deploy hydrogen, carbon capture
and synthetic gas further reduces the intensity of these fuels and allows for even lower 
emissions tied to freight, aviation and other needs across the economy. 

 The development of an integrated western electricity market will enable additional renewable 
energy development, increase system reliability, and be economically efficient, resulting in cost 
savings. 

Many models demonstrate that this mix of solutions, appropriately timed, can provide energy services 
allowing for continued economic growth, provide similar or better housing, transport and public 
amenities, and support high levels of industrial and commercial activity. They often demonstrate that 
the cumulative costs of these transitions can be minimal, even when not considering the many benefits 
and avoided costs tied to reduced emissions, energy costs, public health benefits and reductions in 
climate impacts. Several Council members have outstanding concerns regarding the assumptions, costs 
and findings of some modeling efforts, including the work of CETI and Evolved Energy Research. 
Further discussion is warranted and the Council looks forward to continued dialogue to better 
understand these concerns to inform efforts at improving modeling to meet long term goals and 
evaluate tradeoffs, and better understand the limitations of current assessments. 

Based upon an assessment of emissions trends by sector, Committee members have developed the 
following early recommendations. Recommendations receiving consensus support are offered first, 
followed by those advanced with dissenting views of one or more members of the Council. In some 
instances, dissenting views and outstanding issues have been reframed as key questions for partner and 
public input in the guiding questions that follow. Additional details may be found in the Committee’s 
white papers found on the Department of Environmental Quality’s Climate Solutions Council website. 
The Committee continues deliberations in other areas not yet developed and vetted for public and 
partner input. 

Preliminary Council Consensus Recommendations: 

I encourage the council to consider a consensus recommendation like the following: 

Given the uncertainties described above related to the modeling and the unknowns around new technologies, 
uncertainty around predicting market responses we believe a foundational policy that puts an initially low but 
steadily rising price on fossil carbon is essential. This will create a market signal throughout the economy to 
change behavior of individuals, businesses and governments to invest in conservation and fossil carbon 
alternative forms of energy. Such a policy does not have to model the precise right scenarios, rather it allows 
the market price drive the investments by each entity to achieve their best outcome. We also believe providing 
the money back to people in the form of a dividend allows them the flexibility to invest their dividend as 
needed to meet their situation. It also provides a powerful signal to businesses to reduce their fossil carbon. 

reducing costs associated with clean energy transitions.

Aggressive and timely adoption of energy efficiency measures and the electrification of end Commented [O21]: There are extensive opportunities for 
distributed combined heat and power and/or district energy 
systems. Examples of these are extensive in Europe and there 
numerous in the US: St. Paul District Energy produces heat power 
and cooling, Montpelier, VT, downtown Seattle, and a couple dozen 
college campuses, such as the U of ID, Chadron State College in NE. 
These kinds of community scale distributed systems can reduce 
peak demand at the coldest times of the year. There is a significant 
opportunity to locate these kinds of systems at sawmills and other 
kinds of industrial sites.  Utilities should be encouraged to invest in 
these types of systems. They are experts in delivering energy, have 
access to capital. 
  We also have over 50 existing geothermal sites around the state 
that could be used for energy development.  In some cases it would 
need to be a biomass geothermal hybrid to achieve the 
temperatures needed to generate steam power.  

Commented [O22]: This is an example of Box’s point on 
modeling. I have reviewed the CETI preport and the Billion Ton 
Study it cites for considering the use of biomass. I see several 
problematic issues related to this bullet: 

1. It doesn’t explicity address the phenomenal increase in power 
generation and transmission that will be needed to both electrify
the transportation sector and the heating sector. 
2.The reliance on heat pumps in the Montana winter climate is 
problematic. Air to air heat pumps become very inefficient at  low 
temperatures and need an alternative source of heat to the heat 
exchange mechanism. Often this is provided by electric resistance 
heat which is extremely inefficient. 
3. The billion ton study is based on assumptions and a critical one 
is that the biomass from mountain slopes greater than 40% are 
unavailable based on the lack of logging systems to work on those 
slopes. First this is untrue in western MT as cable logging systems 
have been and continue to be used. It does not allow for the fact 
that new techniques like tethered logging can access this material 
and would be if the price was appropriate. The bottom line is 
there is probably close to double the amount of biomass than was
estimated. 
4. It assumes all the biomass should be saved for jet fuel and 
biodiesel production. This assumption ignores the transportation
cost issues associated with biomass. These can be overcome. 

Commented [O23]: Providing an low price at the beginning but 
steadily increasing for the next 30 years, does not provide an initial 
shock but then provides a predictable substantial price through 
time for them to base their planning on. 

Commented [O24]: This kind of policy is a powerful incentive 
for many of the other recommendations to be implemented, from 
conservation to alternative energy production and agricultural and 
forestry CCS as well as technological CCS. 
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footprint to remain competitive. 

SECTION I. 
Energy Efficiency - Residential and Commercial Buildings, Tribal and Local Governments 
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2A: MODERNIZE MONTANA BUILDING ENERGY CODES AND ADMINISTRATIVE PROCESSES 
TO REDUCE THE EMBODIED ENERGY CONTENT, PROMOTE ENERGY EFFICIENCY AND 
OTHER CLIMATE BENEFITS 

Description: Building energy codes are an effective way to save energy over the long term. The value of 
energy efficiency in properly implemented construction standards is universally recognized as the 
easiest and most cost-effective way to help consumers and businesses save energy and money, make 
housing and businesses more affordable, and reduce greenhouse gas emissions. 

Key Strategies: 

 Support regular adoption of updated International Energy Conservation Code (IECC) codes every
3 years, with amendments appropriate to MT. The adoption process must be accelerated to 
occur within 12 months of a new code being issued by the International Code Council (ICC). 
Consider capacity building support to meet accelerated adoption objectives. 

 Require that the energy code be considered at the same time as the other codes to avoid the 
current situation where the energy code lags adoption of other codes. 

 Require that all builders operating in the self-certification areas of the state be required to 
submit, to the Building Codes Bureau, a written statement that a house complies with the state
energy code and/or have the appropriate state agency enforce building codes outside of local 
jurisdictions. 

 Modify language regarding energy stretch codes to allow a jurisdiction to require compliance 
with that local stretch code in their jurisdiction. Explore the possibility of developing a stretch 
code for the entire state that would be optional for local jurisdiction adoption. 

 Investigate the feasibility of requiring energy rating labeling for new home sales and new 
commercial buildings. 

 Direct the state department of transportation to assess the embodied energy/CO2
consequences of their construction, reconstruction and maintenance work for bridges, 
guardrails and signage. Develop template analyses for counties to use as they assess 
their roads and bridges. The cost of fossil carbon must be part of the economic analysis. 

 Require all state buildings consider the economic cost of fossil carbon emissions when 
considering the governor’s E.O. on the use of wood. 

2B: ESTABLISH A GRADUATED ENERGY EFFICIENCY STANDARD, A DEMAND RESPONSE 
STANDARD, AND AN ENERGY STORAGE STANDARD FOR THE STATE’S INVESTOR OWNED 
UTILITIES (IOUs) 

Description: The rate of energy savings in Montana is quite low, around 0.5% annually. States that are 
high performing acquire energy efficiency at over 2.0% annually. The acquisition of energy efficiency will 
reduce the need for electricity generation, reducing GHG emissions. A graduated energy efficiency 
standard establishes specific targets for energy savings that utilities or non-utility program 
administrators must meet through customer energy efficiency programs. Demand Response involves 
reducing power consumption at industrial sites, commercial buildings, homes and other locations to 

Commented [O25]: To achieve the IPCC goal of staying under 
1.5 degree increase, immediate short term gains are essential. 
Substituting materials ie wood for concrete and steel can have 
significant short term CO2 savings. This is something the state and 
local transportation departments could do immediately. 

Commented [O26]: Who will do this by when? 

Commented [O27]: Bridges made of wood and their designs 
are available in the US. http://www.woodcenter.org/ 

Commented [O28]: A Carbon Fee and Dividend would 
automatically enforce this idea. 
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save energy and meet utility peak demands. Energy storage can provide power that can be dispatched 
to better integrate intermittent resources like renewable energy, but it can also provide management of 
intermittent demand – helping to flatten demand requirements of the utility and allow the utility to 
implement voltage regulation and other efforts to improve system efficiency. 

Key Strategies: 

Commented [O29]: Not all renewable sources of power are 
intermittent. Biomass, hydro and geothermal for example. 
Montana has access to all of these which can be developed for 
dispatchable base or peaking demand use. It doesn’t have to be all 
storage. Storage is part of the mix but not the only option. 
  We have dozens if not hundreds of dams for water storage that do 
not have power generators on them ie Hyalite Canyon for 
Bozeman’s water supply. They are potential additional sources of 
firm power generation at smaller scale. All three of these sources 
have the potential to reduce the need for new transmission lines. 
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 Adopt a new energy efficiency standard at 1% energy savings on an annual basis within 3 years 
after program implementation, then increase the standard to 1.5% annually for the next 4 years, 
and to 2% annually thereafter for IOUs. 

 In order to ensure that the utilities are not disincentivized from adopting policies that 
promote beneficial electrification, e.g., converting from natural gas or propane to 
solar or biomass thermal, electric heat, load growth attributable to these activities 
would be excluded from total sale volumes and thus would not have any effect in the 
calculation of energy savings that must be acquired to meet the efficiency standard. In
addition the utility should be able to finance or lease solar and biomass thermal 
installations and provide a return on investment to their shareholders. 

 The proposal could consider specifying some amount of energy efficiency acquisition 
targeted at low-income Montanans. Low-income households receive significant benefits
from energy efficiency acquisition since low-income customers spend a 
disproportionately large amount of their income on meeting energy needs. 

 Adopt a Demand Response Standard that would require the state’s IOUs to acquire, within 5 
years after implementation, a total of 35 MW of demand response resources, calculated based
on each utility’s overall system contribution to Montana load. 

 Efforts could focus on 1) Load control for residential and commercial customers (hot 
water heaters, air conditioning) - where equipment is cycled for short periods of time; 2)
Curtailable load for larger commercial/industrial operations – where operators 
nominate an amount of load to be curtailed when an event is called and 3) Interruptible 
rate for commercial/industrial operations that can curtail most or all of their load. 

 Adopt an Energy Storage Standard that would require the state’s IOUs to acquire, within 2 years
after implementation, a total of 35 MW of energy storage, calculated based on each utility’s 
overall system contribution to Montana load. 

2C: ADVANCE EFFORTS TO PROMOTE ENERGY EFFICIENCY THROUGH TOOLS LIKE ON-BILL 
FINANCING 

Description: One of the largest barriers to energy efficiency acquisition is the upfront cost to individuals, 
households, and businesses. To help alleviate this issue, utilities should provide the opportunity for 
customers to apply for loans that are paid back in installments included in monthly energy bills. On-bill 
financing is an energy efficiency uptake tool that has been utilized by utilities for decades, yet has failed 
to gain traction in Montana. Flathead Electric Cooperative is believed to be the only utility in the state 
providing an on-bill financing option, having alleviated the upfront cost burden for over 500 customers 
in just eight years. Financing through the USDA’s Energy Efficiency and Conservation Loan Program can 
assist Cooperatives in developing/financing programs. 

Key Strategies: 

 Evaluate barriers to the adoption of on-bill financing in Montana and lessons learned from 
experiences around the country. Explore voluntary partnerships and legislative options to 
further incentivize adoption by Montana utilities and rural electric cooperatives.

 Establish targets for the utilities to meet in reducing their fossil carbon delivery. Financing

Commented [O30]: We need to have a business model that 
rewards utilities for the “negawatts” they achieve through 
conservation and renewable alternatives at the home or 
community scale. 

Commented [O31]: Is this available for alternative energy 
installations? Solar thermal? Biomass thermal? If not what needs to 
be changed to allow it? 
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thermal solar/biomass thermal at the residential neighborhood or community scale 
should be part of the strategy to shave peak demand. The IOU’s should be able to profit 
from these operations so they have an incentive to promote these programs. Commented [O32]: Adding a price to fossil carbon will help 

accelerate adoption of these systems. 
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Description: In 1997, Montana’s energy utilities were restructured, which deregulated the supply of 
electricity and natural gas. At the time, it was acknowledged there were several activities that were 
undertaken by the state’s utilities which provided societal benefits that could be negatively affected by 
deregulation. To ensure these activities continued in the future, the legislature established a universal 
system benefits (USB) program and approved a USB charge to be added to natural gas and electric utility 
bills of all utility customers. There are differences between natural gas and electric USB programs, but 
both programs provide funding support for three common activities: cost-effective local energy 
conservation, low-income energy bill discounts, and weatherization activities. Electric USB charges also 
fund energy research and development, renewable energy development, and market transformation 
programs. Natural gas USB funding is based on 1.12 % of the utility’s annual natural gas revenues from 
the previous year. Electric USB collections were set based on 2.4 % of the utilities 1995 revenues. Over 
the last 20 years, there has been a decline in the effective value of electric USB funds. 

Key Strategies: 

 The Council recommends the Legislature evaluate and consider changes to the electric USB
funding formula. 

2G: ENCOURAGE EXPANDED COMMUNITY SOLAR, WIND, GEOTHERMAL AND BIOMASS 
POWER AND COMBINED HEAT AND POWER DEVELOPMENT AND ENACT POLICY TO 
ENABLE SHARED SOLAR FOR INVESTOR OWNED UTILITIES 

Description: Community scale energy sources solar can benefit many Montanans by making it possible 
for them to afford investments in renewable energy without having to pay the high cost of owning a 
renewable energy generator. Maintenance costs are also reduced because these costs are shared by 
participating individual consumers. Under current property tax law, after expiration of the five-year tax 
holiday, these community solar arrays are treated as utility property for tax purposes. 

Shared solar energy sources provides access for individuals, households, and businesses that may not 
otherwise be able to install a distributed generation heat and power system on-site (e.g. renters, 
buildings with shaded roofs, etc.). Shared solar allows the utility to control the siting of the array, which 
can provide more efficient solar/geothermal, biomass thermal production and more efficient grid 
interconnection. Shared solar subscribers can help finance projects, lessening burden on the developer. 

Key Strategies: 

 Extend or make permanent the current five-year property tax holiday for community solar 
energy development by electric utilities (MCA 15-6-225 “Small Electrical Generation Equipment 
Exemption”). 

 Advance legislation that clarifies investor-owned utilities’ ability to offer shared solar district energy
and cogeneration production systems programs. 

2H: PROVIDE INCENTIVES FOR BIOMASS THERMAL, PASSIVE AND PV SOLAR-READY 
AND SOLAR-INTEGRATED DESIGN AND BUILDING 

Commented [O33]: Rather than making tax breaks for a 
specific type of system that distorts markets; why don’t we adopt a 
policy that incentivizes the whole array of renewables and 
conservation by putting a price on fossil carbon and rebating the 
money as a dividend to families? 
Tax revenues will decline as we shift away from coal, oil and gas. 
We need renewable to pay their share.  

Commented [O34]: This website https://biomassready.org/ 
provides access to a design guidebook to make community 
buildings ready to install biomass. Passive solar and biomass 
thermal are a great combination. It is far less expensive to 
incorporate these systems at the time of construction than to have 
to remodel to install in the future. 
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ENERGY DEVELOPMENT THROUGH REDUCING PROPERTY TAXES ON NEW RENEWABLE 

projects to determine if rates should be adjusted for new projects. Committee members 

Description: In a report titled, “Solar Ready: An Overview of Implementation Practices,” National 
Renewable Energy Laboratory experts define a solar ready building as one that is engineered and 
designed for solar installation, even if the solar installation does not happen at the time of construction. 
The report states that creating a solar ready structure improves the cost effectiveness of solar when 
pursued later, which eliminates barriers to future solar applications and facilitates market growth. 
Examples provided in the report demonstrate significant savings if solar-ready measures are 
implemented during design and construction versus if those measures must be taken during solar 
installation. Biomass Ready desing is available at https://biomassready.org/ to accomplish similar 
efficiencies as solar. 

Key Strategies: 

 The State of Montana should develop incentives that encourage biomass and solar-ready 
design for new buildings in Montana. The incentives should focus on two types of buildings:
1) residential (single or multi-family structures) and 2) small buildings designed for multi-
family housing, commercial use, or mixed-use applications. This second group of buildings
typically have flat roofs and are excellent candidates for solar. 

 Incorporate biomass and solar-ready design standards into residential and commercial building codes. 

2I: 

Description: Montana currently has by far the highest taxes on renewable energy in the region 
compared to North Dakota, South Dakota and Minnesota. North Dakota’s taxes on a 150 MW generator, 
for example, are only ¼ the amount of taxes on the same-sized generator developed in Montana. Taxes 
in South Dakota and Minnesota are only slightly higher than those in North Dakota. 

Key Strategies: 





2J: ENCOURAGE THE PUBLIC SERVICE COMMISSION TO OPEN A DOCKET ON ENERGY 
STORAGE AND COMBINED HEAT AND POWER (COGENERATION) AT COMMUNITY 
AND INDUSTRIAL SCALES AND EXPLORE STATE INCENTIVES FOR THE INSTALLATION 
OF UTILITY-SCALE STORAGE DEVELOPMENT 

Description: Information on utility-scale projects is needed to determine the feasibility of installing 
storage to offset intermittency of renewable energy such as wind or solar. Costs of storage technology 
are a barrier to pilot projects. The development of combined heat and power from biomass, 
geothermal and solar thermal and hybrids between them should also be developed. These smaller 

emphasize that any proposed adjustments must fully consider revenue impacts. 

ENERGY IN MONTANA 

Conduct independent research to compare taxation across states and renewable energy 

STUDY THE FEASIBILITY OF ENCOURAGING GREATER UTILITY SCALE RENEWABLE 

Commented [O35]: As stated before fossil fuels provide a 
substantial amount of tax revenue for MT, we will need to 
transition to other sources of revenue. Renewable energy 
production should be one of those sources. Instead of a tax cut the 
governor and legislature should endorse a fossil carbon fee and 
dividend. This will accomplish the goal of incentivizing renewable 
sources of energy but will not cost revenue to the state. The benefit 
of the Fee and Dividend is it internalizes the cost of fossil carbon 
into every product that uses it. This is a much more effective policy 
tool for accomplishing our goals 

Commented [O36]: Combined heat and power is the most 
efficient use of energy production. Our current system of dedicated 
power power plants waste a lot of heat energy to the atmosphere. 
When plants are located such that the heat is utilized the fuel used 
to produce to produce that heat is offset. Since heat is generally 
produced from natural gas, propane or fuel oil that means a 
significant CO2 savings. In a fossil C constrained world we need to 
extract as much useful energy from whatever source as we can. 
Therefore the PSC should have CHP as a high priority.  
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scale systems at the community and industrial plant scale are very efficient compared to power only 
generation. In addition their synchronicity with severe cold period needs for heat and power allow for 
the ability to ramp production up for both. State incentives would help mitigate these costs. 

Key Strategies: 
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 Encourage the Montana Public Service Commission to open a docket investigating energy
storage, district combined heat and power: its costs, its applications, its feasibility in 
Montana, its benefits and other matters pertinent to determining whether the treatment 
of Montana utilities insofar as storage procurement is concerned is in the best interests 
of a utility’s customers. 

 Utility scale storage and CHP projects may benefit from pilots that allow for the development 
of staff capabilities internally to integrate and operate new and emerging technologies; provide 
information necessary to assess the demand reduction capabilities of the system under peak 
loading conditions; provide information regarding system resiliency in the event of widespread 
power disruption; allow for the integration of local renewable generation to develop and test 
microgrid solutions, and; provide information necessary to develop rates that reflect the overall 
cost/benefit of a system including initial investment, demand savings, improved reliability and 
resiliency, etc. 

 There is substantial sunk capital costs in Colstrip 4. It provides firm power to help balance the
variability of wind and solar. One way to take advantage of that capital investment, provide 
dispatchable power needed and reduce the fossil carbon emissions is to use torrefied wood. 
This can be blended with coal and it could start out at 10% and increased over time to further 
reduce the fossil carbon emissions. This would be a good transition tool as the development of 
other energy storage is development and CHP.  

 Montana has 8 sawmills that could each have a 20-25 MW combined heat and power plant 
established at it.  This could provide 160-200 MW of firm, dispatchable renewable power to 
help balance wind and solar. A study was conducted ~10 years ago that examined this but it did
not include the fossil carbon savings and thus it appeared that coal and natural gas were 
cheaper. In today’s situation that is an error. 

2K: ADVANCE EFFORTS TO TAKE ADVANTAGE OF A COORDINATED WESTERN ELECTRICITY 
MARKET 

Description: The Western United State electric grid is comprised of 38 balancing areas that create 
economic, contractual and practical obstacles to buying and selling electricity creating extensive market 
inefficiencies. As energy systems transform in response to new technologies and market conditions, 
opportunities to integrate the regional market for electricity to manage loads, take advantage of price 
and supply conditions and other factors are becoming more attractive. A regional energy market would 
benefit Montana due to the abundant renewable energy opportunities found within the state. 

Key Strategy: 

 The Governor and the legislature should actively work to build partnerships with other states
toward the development of a western electricity market. 

SECTION III: 
Transportation 

2L: ADOPT LOW EMISSION VEHICLE STANDARDS AND ESTABLISH TAX INCENTIVES FOR 
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 Using widely available methods, develop greenhouse gas emissions and sink estimates for key 
sectors of Montana’s economy and land use. For example the USDA Forest Service Forest Inventory
and Analysis program collects data across all forest ownerships that can monitor and measure the 
carbon storage. 

 Develop a reporting program to encourage facilities or industrial sectors that produce more than
25,000 metric tons of CO2e to annually report GHG emissions in line with federal standards or 
those widely used by other states. 

 Explore partnerships to reduce emissions/enhance carbon storage spanning the sectors.
 In the Oil and Gas Sector, consider directing staff at MT DEQ and MT Board of Oil and 

Gas Conservation to meet with oil and gas operators at a minimum of once annually to 
promote best management practices such as leak detection and repair, high-bleed 
pneumatic controllers, and the manual liquids unloading process. Work toward 
educating well and pipeline operators on methane gas capture and reduction in fugitive
emissions. 

 Consider working with the Montana Board of Oil and Gas Conservation to continue use 
of their Damage Mitigation Account to properly plug orphaned (abandoned) oil and gas 
wells for which there is no identifiable well operator. This program works toward 
eliminating potential fugitive emissions of methane gas along with addressing other 
issues. BOGC may have to adjust their environmental ranking criteria to move wells with
greater potential to emit methane to a higher priority. Steps should be taken to ensure 
the Damage Mitigation Account is funded as required by statute to enable proper 
administration of the BOGC damage mitigation program. No general fund monies are 
contributed to the BOGC Damage Mitigation Account. 

  In forestry and agriculture, integrate strategies with voluntary and incentive-driven 
approaches, including potential carbon markets, as outlined in Chapter 1. Consider use
of widely available tools from the USDA for estimating greenhouse gas emissions and 
sinks, including tools like COMET-FARM and COMET PLANNER that allow for farm-scale 
and regional estimations of the benefits of conservation practices for carbon 
management and reduced emissions. 

 Conduct a study of non-CO2 based greenhouse gas emissions in Montana, including methane,
utilizing recent advances in identifying releases, spanning diverse sources. Consider other 
methane emission sources such as solid waste disposal facilities, agricultural operations, and 
hydropower sources in addition to oil and gas. 

Preliminary Council Recommendations Advanced with Dissenting Views Expressed: 

The recommendations below are being advanced with dissenting views of one or more members of the 
Council. In some instances, dissenting views and outstanding issues have been reframed as key 
questions for partner and public input in the guiding questions that follow. Additional details may be 
found in the Committee’s white papers found on the Department of Environmental Quality’s Climate 
Solutions Council website. The Committee continues deliberations in other areas not yet developed and 
vetted for public and partner input. 
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2P: ADVANCE EFFORTS TO DEVELOP AND DEPLOY CARBON CAPTURE AND STORAGE 
TECHNOLOGIES (CCS) 

Description: Even as Montana diversifies its energy portfolio, fossil fuels are expected to meet a portion 
of the energy demand for several decades. Accelerating deployment of carbon capture and storage 
(CCS) technology is essential to reduce emissions from these power plants, and to support other needs 
such as renewable fuel production central to meeting the net-neutral goal. Moreover, more than half of 
the models cited in the Intergovernmental Panel on Climate Change’s Fifth Assessment Report required 
carbon capture for a goal of staying within 2 degrees Celsius of warming from pre-industrial days. For 
models without carbon capture, emissions reduction costs rose 138 percent. (C2ES) 

The Great Plains Institute notes that authoritative analysis by the International Energy Agency as well as 
the Intergovernmental Panel on Climate Change shows the critical role carbon capture must play in 
achieving US and global carbon reduction targets by 2050. The bulk of US carbon emissions comes from 
three sources; Transportation (29%), Electricity (28%), and Industrial (22%). Carbon capture enables 
many industries to reduce or eliminate their carbon emissions, while protecting and creating high-wage 
jobs. Moreover, for key carbon-intensive industries such as steel and cement, significant CO2 and CO 
emissions result from the chemistry of the production process itself, regardless of energy inputs. Thus, 
carbon capture is an essential emissions reduction tool for major industrial sectors that are otherwise 
difficult to decarbonize. 

Governor Bullock co-founded multiple regional and national initiatives supporting carbon capture, 
including the State Carbon Capture Work Group, the Governors’ Partnership for Carbon Capture and the 
Regional Carbon Capture Deployment Initiative. Governor Bullock also entered a Carbon Capture MOU 
in 2018 along with the Canadian Province of Saskatchewan that includes participation with the States of 
North Dakota and Wyoming. 

Key Strategies: 

 DEQ should consider seeking primacy for Class VI deep injection wells. Class VI wells are used to 
inject carbon dioxide (CO2) into deep rock formations. This long-term underground storage is 
called geologic sequestration (GS). Geologic sequestration refers to technologies to reduce CO2 
emissions to the atmosphere and mitigate climate change. EPA has finalized requirements for 
GS, including the development of a new class of wells, Class VI, under the authority of the Safe 
Drinking Water Act’s Underground Injection Control program. These requirements, also known 
as the Class VI rule, are designed to protect underground sources of drinking water. North 
Dakota is the only state with primary enforcement authority for UIC Class VI wells. EPA directly 
implements the Class VI program in all other states, territories, and tribes. State management of
the program could expedite permitting while maintaining appropriate safeguards to water 
supplies. MT Board of Oil and Gas Conservation already has statutory authority to regulate class 
VI disposal wells. No application for primacy currently exists. 

 Identify and dedicate state funding, raised from fossil carbon sources,  to advance Carbon 
Capture and Storage. Development of carbon-capture technology in Montana can be 
encouraged with the state creating a partnership with federal Department of Energy grants in
which the state leverages DOE funds by providing 
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its own funds for CCS. Earmarking a portion of existing coal severance tax revenue would be an 
appropriate utilization of a portion of these revenues. 

 Natural CCS can be some of the cheapest methods for mitigating fossil carbon emissions. There are
multiple places and ways to have carbon benefits, from increased carbon in soil through the addition of 
biochar from slash instead of burning it, changed farming and grazing practices, to replacing steel and 
concrete with sustainably grown wood. These methods are all known and proven, the adoption could 
be rapidly accelerated if a payment mechanism was in place. A carbon fee and dividend that allowed 
for carbon refunds could provide the needed mechanism. 

Dissenting View: One Council member expressed reservations regarding this recommendation and its 
potential to extend the state’s reliance on fossil fuels and foster disincentives for an accelerated energy 
transition. 

2Q: INCREASE THE ALLOWABLE SYSTEMS SIZE FOR DISTRIBUTED GENERATION SYSTEMS 

Description: The current system size cap for small-scale generation interconnecting to the grid is 
restrictive for entities like commercial buildings, schools, libraries, and private businesses. The current 
cap of 50kW was passed in 1999 and has not been updated since. Meanwhile, solar technology has 
become more efficient and less costly. Increasing the allowable system size will allow users to meet 
more of their energy needs with solar, wind, micro-hydro, biomass, geothermal and other eligible 
technologies. 

Key Strategy: Evaluate and institute a new cap for distributed energy systems. 

Dissenting Views: Some Council members expressed concerns regarding this recommendation and 
indicated they may be unresolvable until utility rate design concerns are resolved. It is argued that in 
some instances, net metering requirements will increase costs borne by other customers who do not 
self-generate and create potentially serious safety risks and power quality concerns. While highly 
contested among stakeholders, some argue that higher rates for other customers will occur in some 
instances due to a failure to consider widely varying costs, rates, rate structures, and power supply 
and delivery issues. 

2R: INCREASE AND UPDATE THE STATE RENEWABLE ENERGY PORTFOLIO STANDARD 

Description: Montana’s standard was established in 2005 and has not been updated since the third 
increase took effect in 2015 (15% for 2015 and each year thereafter). RPS regulations vary across the 
country, including several states that are pursuing 100% renewable standards. 

Key Strategy: Increase Montana’s Renewable Portfolio Standard. 

Dissenting Views: Some Council members expressed concerns regarding this recommendation. Issues 
regarding the magnitude of the revised standard, the role of hydropower, and the relevance of its 
application to the state’s Rural Electric Cooperatives were the primary concerns. 
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 What policies should the state implement related to “beneficial electrification,” which entails replacing the 
direct use of fossil fuels with electricity in a way that reduces GHG emissions and lowers overall costs? This 
statement is too narrow and presumes “beneficial electrification” is the answer instead of one of many answers. 
You have forgotten the George Box quote you included earlier about all models are wrong, but some are useful”. 
The policies to implement should not presume the answer based on the modeling. There are significant 
opportunities for fossil carbon reduction outside of electricity. We need policies that incentivize reductions of fossil
C emissions in a way that unleashes the power of entrepreneurs, market incentives, efficiency/conservation gains 
and CCS. We need policy that signals the release of fossil carbon in the long-run (next 30 years) is unacceptable. 
And in the short run the cost will steadily increase, at a rate that will drive the desired reduction. A Fee and 
Dividend can do that. The bill H.R. 763 starts out at $15/ton and goes up $10/ton/year provided it meets the 
targeted reductions, if it does not then the price goes up $15/ton per year. It starts out with little economic pain 
but it signals to every citizen, business, organization and government entity the price pain will get very large and 
you better figure out another way. The cost in 10 years would be $115-140/ton in 20 years $215-290/ton and in 30 
years $315-440/ton, and it would be adjusted for inflation.

 How should the Public Service Commission evaluate greenhouse gas impacts of decisions and
rate-payer risks? Every decision should factor in the cost of fossil CO2 emissions that are 
currently externalized from the price of energy. Society is bearing the cost of climate change 
through wildfire fires, floods, drought, etc. It is being borne by taxpayers, individual 
businesses, farmers and ranchers, health care, etc. They must start internalizing the costs to 
the source: fossil carbon emissions. 

 What policies to further advance clean energy solutions should be considered for the unique 
business model facing the state’s rural electric cooperatives? Fee and Dividend, see above. 
How can the state advance voluntary measures in coordination with electric co-ops? The co-
op owners and customers are the same. With a fee and dividend they can absorb the initial 
cost increases through their dividend. The co-ops can make investments over time to reduce 
their fossil carbon intensity which will reduce the cost.

 Are there improvements that could be made to the way the state engages with local 
governments, counties and tribal nations regarding transportation projects and planning? What
programs or policies should the state implement to ensure our communities are accessible and 
affordable while addressing issues related to vehicle congestion and miles traveled? 

 How can state agencies continue to foster leadership around sustainability, clean energy and
emissions reductions? 

 How can the state assist and learn from local government and tribal nation greenhouse gas 
reduction efforts? 

 How should the state consider possible economy-wide emissions policy proposals such as a
price on carbon or cap and trade proposals? Carbon Fee and Dividend affect every product 
or service that uses fossil carbon and therefore the incentive to reduce that affect is felt 
throughout the whole system and families and businesses will adjust. Cap and Trade 
systems are much more difficult to implement throughout the whole economy, require 
much more cost in administration and how to spend the fees from trading can easily be 
caught up in debates over “favorite”solutions. Fee and Dividend is not susceptible to 
similar problems. 

 How can Montana best lead on efforts to reduce greenhouse gas emissions? Investments in 
charging stations at rest stops, as suggested here are an excellent way to facilitate the 
transition away from fossil fuel transportation. Tax credits for gas stations to install charging 
stations would further expand the network. How should the state consider policy options and 
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solutions in the context of potential Federal policy or policies? Federal policy is actively being 
developed as evidenced by multiple bills in the House and Senate. The establishment of a 
bipartisan Climate Solutions Caucus in the Senate last November involving 4 republicans, 3 
demoscrats and an independent with the sole purpose of drafting  legislation is significant. The 
governor, legislature, county commissioners, mayors and city councils should endorse and 
promote to our congressional staff the need for a fee and dividend policy as I have described 
elsewhere. It is vital to have CCS language that rewards both technical/industrial as well as 
natural methods. 

 How should the state consider new technologies in planning for greenhouse gas mitigation like 
renewable hydrogen or modular nuclear?  Montana should join/form a consortium with the 
other states, BPA, University expertise and US DOE in the Columbia River basin where we have 
an abundance of hydroelectric dams and the potential for abundant wind resources, the 
combination of which has great potential for electrolysis of water in off-peak demand times to 
generate H2 and O2 that can be used as energy storage, piped to locations for transportation 
use, etc. Adoption of a Fee and Dividend policy would send a signal to potential developers of 
such system to engage as they would have price predictability which is needed when 
considering large capital investments in new technology. 

 How should the Council think about balancing regulatory and incentive based tools? How should 
the Council consider fiscal impacts and revenue sources for incentive programs? Montana is 
heavily dependent on tax revenue from fossil fuel extraction and use. Our goal in this plan is to 
substantially reduce its use to the point where the only use is in combination with CCS. We need
to recognize tax credits make this situation worse. If there is a Carbon Fee and Dividend policy 
passed we should consider phasing out energy tax credits of all kinds. We should also consider a 
state carbon tax of $1-5/ton to cover the costs of research and development for climate change 
mitigation and adaptation; also financing infrastructure like charging stations at rest stops and 
to cover the cost of tax credits for gas stations that install charging stations and other needed 
infrastructure. 

3. Capturing Innovation Opportunities in
Montana’s Response to Climate Change
and Addressing the Needs of Workers and
Communities in Transitions.

Section I. Montana’s Innovation Landscape 

Responding to the impacts of climate change in Montana will require new technological approaches to 
agriculture, energy systems, forestry, infrastructure, and carbon mitigation and storage, among others. 
Developing and commercializing new technological approaches can generate opportunities for Montana 
to create new jobs, private investment, public funding, and businesses. 
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important throughout the product development and commercialization process. Integrating public, 
philanthropic, non-governmental, and private institutions is a basic requirement of a functional 
innovation landscape. 

The Committee has reviewed several case studies of the Montana Innovation Landscape demonstrating 
existing assets and strengths and gaps. The case studies are intended to help identify recommendations 
that could support Montana’s efforts to better integrate existing components of the innovation 
landscape and suggest direct actions to build needed capacity in Montana institutions as well as address 
gaps in other elements of the state’s innovation landscape. 

Case Studies 

Assessing Montana’s innovation landscape benefits from exploring case studies of existing research, 
product development, and commercialization efforts to understand why they succeeded or failed in 
practice. Case studies serve multiple purposes: concrete examples of actual projects will help 
communicate how the innovation landscape is defined and elements function as well as the interplay 
between the elements; case studies focus on what is actually happening in Montana and can help assess 
why some projects succeed or fail; and case studies can help identify opportunities to adapt the 
innovation landscape and explain how new opportunities can be leveraged. 

Case Study: Absaroka Energy’s Gordon Butte Pumped Storage Project 

Absaroka Energy Expects to break ground soon on a closed loop pumped hydro energy storage 
project in Meagher County. The installed generation capacity will be 400 MW with estimated 
storage of 3400 MW-hrs. It will utilize 3 pairs of pumps and turbines to allow rapid switching (or 
simultaneous) pumping and generation. The rapid response combined with large power and 
energy capacity will mean the facility can be used for peaking, firming, frequency control, and a 
variety of other ancillary benefits that can allow utilization of a larger percentage of variable 
renewable energy in the state’s power portfolio. This will be the largest pump storage facility in 
the US and the first built in approximately 40 years. It will also be one of the few utility scale 
storage facilities in the country. 

Case Study: Montana’s Photonics Cluster 

Photonics is to photons (light) as electronics is to electrons and is critical to lasers, sensors, 
measurements and automated vision, medical technologies, defense technologies and other 
sectors. The first photonics company in the Gallatin Valley was Orionics (fiber splicing 
equipment) in 1980 (ended operations in 1987) followed by Big Sky Laser in 1981, Toomay- 
Mathis and Associates (TMA, light scattering measurement) in 1984, ILX Lightwave (Diode laser 
and fiber optic equipment) in 1986, and Scientific Materials Corp (Laser Crystals) and Lattice 
Materials (infrared optical materials) both in 1989. Five of these six companies had connections 
to either Montana State University (MSU) or the Gallatin Valley. MSU faculty began 
collaborations with TMA, ILX, and Scientific Materials and in 1992 four MSU faculty members 
wrote a proposal to the National Science Foundation’s Experimental Program to Stimulate 
Competitive Research (EPSCoR), that strengthened these collaborations. EPSCoR funding 

Commented [O46]: There is no discussion of how the 
innovation landscape helped make this happen. 

#11a-05



40 | 

particularly rural communities. Focusing on rural landscapes and communities may also provide unique 
opportunities to leverage resources, partnerships, and innovation that may be overlooked as most 
efforts and attention are typically focused on cities where investments theoretically return a higher 
“bang for the buck.” Technology innovation in agriculture, timber, manufacturing, and other sectors are 
an important focus for the Committee. 

3A: MONTANA, LED BY THE MONTANA SCIENCE AND TECHNOLOGY COMMITTEE 
AND THE OFFICE OF THE COMMISSIONER OF HIGHER EDUCATION, SHOULD 
IDENTIFY KEY OPPORTUNITIES FOR TECHNOLOGY-LED ECONOMIC DEVELOPMENT, 
PRIORITIZING AREAS THAT ASSIST WITH CLIMATE CHANGE TRANSITIONS AND 
MITIGATION 

Key Strategies: 

 Revise and update Montana’s Science and Technology plan with a focus on industry linkage
opportunities and opportunities to foster and sustain competitive industry/university 
collaborations in basic and applied research. 

 Within identified areas of strength, charge and fund key networking organizations (i.e. industry 
organizations, university research centers, or state agencies) with regularly convening key 
university/industry/society players. 

 Within the Montana University System, institute seed-granting opportunities and research 
capacity building efforts to grow the state’s university expertise and competitiveness in each
identified area of strength. 

3B: THE MONTANA LEGISLATURE SHOULD INVEST IN INITIATIVES THAT 
BUILD UNIVERSITY/INDUSTRY/SOCIETY INNOVATION LINKAGES TO 
ADDRESS KEY MONTANA CHALLENGES, INCLUDING CLIMATE CHANGE 

Key Strategies: 

 Institute a state-funded grant program to further develop research capabilities and user facilities 
at Montana’s public universities, with a goal of leveraging these facilities to grow innovative 
Montana-based technology development companies and clusters. 

 Develop a recruitment and retention funding pool for strategic growth in research capabilities in
key areas of state need. 

 Appropriate further rounds of funding for the Montana Research and Economic Development 
Initiative to encourage applied research addressing Montana needs. 

 Set aside a match-funding pool to increase Montana researcher’s competitiveness when 
pursuing federal grant dollars. 

 Develop / Identify and appropriately fund a research center or institute charged with 
networking and organizing university research and university/industry linkages statewide in the 
area of energy innovation. Key areas of focus based on Montana’s industry and existing research 
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expertise may include biofuels, energy storage, transportation grid electrification, and energy 
related agricultural practices. 

3C: IMPLEMENT THE RECOMMENDATIONS CONTAINED IN THE 2017 PROJECT 
REPORT -- THE MONTANA JOBS PROJECT, A GUIDE TO PHOTONICS AND 
ADVANCED ENERGY JOB CREATION 

Key Strategy: 

 Create a task force consisting of appropriate state agency personnel with representatives of the
Montana University System and the Montana Photonics Industry Alliance (MPIA) to review The 
Montana Jobs Project report recommendations and advance them as deemed appropriate. 

3D: CONTINUE THE STATE’S EFFORTS TO EVALUATE, EXPAND EXISTING AND 
RECRUIT NEW INDUSTRIES TO MONTANA THAT REDUCE CARBON EMISSIONS OR 
SEQUESTER CARBON WHILE PROVIDING WELL-PAYING JOBS AND INCREASING TAX 
BASE 

Key Strategies: 

The primary benefit of this recommendation is to leverage existing efforts and successes in sectors 
where Montana exhibits comparative and competitive advantages. The following are examples of 
existing efforts by the state to develop industries that will help address climate change. More work is 
required to identify additional industries and to evaluate their current needs relative to the innovation 
landscape. 

 Advanced Energy Storage – including efforts to produce advanced batteries or battery 
components, pumped storage hydroelectric projects (case study noted previously) is designed to 
balance variable power and could firm over 2GW of renewable energy generation. Renewable 
hydrogen storage and energy generation project 

 Agriculture – including efforts to develop agricultural practices / projects to increase soil carbon, 
efforts to facilitate the emerging market for carbon-rich soils, value added-processing, precision
agriculture and others. 

 Biofuels – including opportunities to produce aviation jet fuel or fuel for heavy duty truck
transport from woody biomass. 

 Forestry - Mass timber construction and wood products innovation – including efforts to 
develop new structural construction materials, and products like wood-fiber insulation and
wood gasification for combined heat and power as well as biochar production that can be 
used in agricultural applications. 

Section II. Building Resilience to Prepare Montana’s Communities, Economy and Workers for 
Transitions 

Montana’s economy and energy sectors are undergoing rapid transitions. These transitions result from a 
series of market, policy, and technology developments that are largely outside of Montana’s direct 
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climate change will introduce new challenges and changes that Montana will need to respond to. The 
important point is that while transitions destabilize existing communities, businesses, and public 
institutions— necessitating efforts to minimize negative impacts—transitions also create opportunity for 
new, creative innovations, and systems to emerge. 

The Council was tasked by Governor Bullock’s Executive Order 8-2019 with identifying strategies to 
prepare Montana’s communities, economy, and natural systems for transitions associated with climate 
change. The Technology Innovation for Climate Solutions and Community Transitions Committee 
focused on resilience as a framework for assessing the existing capacity of Montana’s public institutions 
(state agencies, political leaders, and the university system) to help families, communities, workers and 
the economy prepare for and respond to change. 

Drawing from the literature and the expertise of Committee members, the Council has laid out a 
preliminary definition for transitions and the key components of resilience. Highlighted here are the 
Committee’s early discussions and outreach to identify key vulnerabilities and barriers that challenge 
the resilience of families, communities, workers and businesses in Montana. Additionally, the 
Committee’s framing draws on the experience of the Resources and Communities Research Group 
(RCRG) at Montana State University working with rural Montana communities. 

Transitions are defined most simply as changes from one state to the next. Montana is already 
experiencing rapid and dramatic transitions in the state’s energy markets and policy, economic 
geography, and economy. Rather than focus on a list of sectors or communities facing transition, the 
Committee has defined transitions as system changes that affect multiple things at the same time— 
families, communities, economic sectors, natural systems, or technology—and which occur at multiple 
scales, local to regional. Working with a focus on transitions in systems, the Committee can identify 
processes that explain how transitions happen in general, and how the state can prepare for ongoing 
transitions and for economic, demographic, and natural changes that are still uncertain or unknown. 

For example, Montana and the U.S. are experiencing a structural economic transition away from 
manufacturing and natural resources sectors to services and innovation-related activities that began in 
the mid-1970s. The transition is driven by productivity gains in primary and secondary sectors and trade 
that has reduced the number of high-wage, skilled jobs in traditional sectors. Consequently, the state’s 
economic geography has changed over the past several decades: today, most new growth is 
concentrated in the state’s largest cities and many rural communities are falling behind. These economic 
and geographic changes interact with natural resources and climate related impacts on communities. 
For example, the forest industry has restructured and automated in ways that require fewer workers, 
affecting rural communities and labor. Existing infrastructure and planning systems limit the capacity of 
the industry to treat forests at higher risks of wildfire due to climate change, historic forestry practices, 
and greater risks due to development in the Wildland Urban Interface. These interlinked transitions will 
require coordinated planning and responses from public agencies, communities, labor, universities, and 
industry. 

Although transitions will have negative impacts for some Montanans to negotiate, preparing for and 
making the transitions will also provide opportunities for otherspositive aspects and we need to do our 
best to match these two sets of people together. Building the resilience and capacity of Montana’s 
communities will focus on collecting and sharing information, supporting sustained and robust 
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decline dramatically in the next 3 decades. However the forestry 
and wood products will see a dramtic resurgence. This is evidenced 
by the Mass Timber manufacturing boom that is occurring around 
the world.  This will only accelerate. The demand for wood fiber as 
insulation materials, feedstocks for energy, both CHP and liquid 
fuels will grow substantially. The opportunity to grow more wood 
by extending rotations on corporate ownerships and affording to do 
forest stand improvements/hazard reduction treatments all point 
to a substantial increase of raw material and the need for skilled 
workers in the forest and in rural communities near the forests. 
Your statement here is too broad brushed. The new processing 
plants will be highly automated so the number of workers will be a 
fraction of the number needed 40 years ago but that is true of 
virtually everything. These new plants are going to produce 
secondary and tertiary products for use in the urban areas so much 
of the construction will be in the wood manufacturing plant instead 
of onsite in the urban location so we will see a migration of some of 
those urban jobs to more rural locations. 

Commented [O50]: Infrastructure can be developed, planning 
and the development of social license can be changed and needs to 
be changed for the very reason of the risk to WUI which carries into 
the heart of most Montana cities.  This council with the diversity of 
organizations represented can be an effective tool to help build the 
social license for taking actions that will help all Montanans in the 
long-run. We can’t hold onto old ways of thinking from the ‘70’s 
and 80’s on forest management. The work done on National Forests 
over the past 25-30 years is dramatically different from earlier 
decades. We need to embrace the changes made and map out 
additional changes given the path the changing climate is mapping 
for us. Building resilience in the forest, capturing and storing or 
using biogenic carbon in the trees that need to be removed are 
compatible goals. Growing trees larger and longer can store more 
carbon AND make more wood available to a sustainable society. 
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3F: Prepare Montana’s workforce for opportunities in a changing 
economy and in sectors important to climate mitigation and adaptation 

Key Strategy: 

 Expand funding and capacity for apprenticeship programs and partnerships 
between technical colleges, businesses and labor that provide wage earning 
opportunities through periods of on-the-job training and transitions. 

[The Council looks forward to working with labor, state agencies, and other stakeholders to 
agree on and propose additional recommendations. Council members encourage readers to 
review the detailed questions below regarding workforce recommendations.] 

3G: Reform Montana fiscal policy to address economic transitions 

Key Strategies: 

Montana’s economy is transitioning away from natural resource sectors and toward services. The 
economic transition will have fiscal implications because of the state’s existing tax structure that taxes 
natural resourcefossil fuel sectors more highly than other economic activities (such as health care, the 
fastest growing employment sector in the state). See 
https://leg.mt.gov/content/Committees/Interim/2017- 2018/Revenue-and-Transportation/Taxes-
Changing-Economy/Meetings/Mar- 2018/Exhibits/MontanaEconomyandTaxRevenue.pdf). Currently, 
two legislative interim Committees in the Montana legislature are studying and making 
recommendations for possible reforms to the state’s tax structure. These reforms should include 
revenue and budget policies that help build resilience and support transition planning. For example, 
greater autonomy for local governments to manage volatile revenue and save for transition and 
adaptation needs, dedicated state and local resources to bolster and sustain adaptation and transition 
planning over time, and new revenue policies that broaden the tax base, address inequities and generate 
more sustainable and predictable revenue as the economy continues to restructure and grow. 

Questions to guide partner and public feedback: 

 What developing industries that address climate change in Montana would benefit from the 
dedicated research, development, and commercialization strategies identified by the innovation
landscape? We need to be thinking of circular economies and how to make them work. This 
requires design and engineering rethinking, landfills and waste will become part of the past. 
Embodied energy will no longer be thrown away. Energy efficiency will be truly valued 
financially as the price of fossil carbon is internalized. Here are a few that should be focused 
onin the near term: 

• Wood products and construction - Engineered wood products that can make big 
wood out of small pieces, wood fiber insulation and manufacturing processes that 
make and ship house components including windows, rough electrical and plumbing, 
etc. MT and other wood rich states have the opportunity to capture a lot of 
employment and conservation of resources by reducing waste and gaining 

Commented [O51]: This phrasing is problematic. Forestry and 
wood products are natural resources, water management for cities, 
agriculture and fisheries are natural resources, wildlife are natural 
resources, reducing fire risk is natural resource management.  Do 
you mean we are transitioning away from fossil fuel extraction?  
Yes that is true. Mining will still be important look at the amount of 
copper and lithium that will be needed to do the amount of 
electrification this plan calls for in transportation, wind mills, solar 
panels and home heating.  Where will that come from? Where are 
all the battery minerals going to come from? The US and Montana 
are foolish to think we are going to import all of that.  We put our 
national security at huge risk by relying on China for all our 
batteries. We need to recognize the strategic importance of mining 
these minerals AND we need to make sure we mitigate the 
pollution that can be generated by these. 

Commented [O52]: This is great, this council needs to 
acknowledge this as part of the communication efforts of the final 
report. 

Formatted
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manufacturing efficiencies, but it needs private and public partnerships to move 
quickly.These technologies all exist but need the help of the innovative landscape to 
become a reality. 

• Biorefineries – drop-in fuels and other refined products (adhesives, medicines, 
clothing fabric, bioplastics, etc) from wood and ag residues. Transitioning the 
refineries in Billings and Great Falls to using biomass as feedstocks will take time and 
investments of capital and training. Montana universities, departments of 
Commerce, Agriculture, Natural Resources and Conservation and Environmental 
Quality will need to be deeply involved. 

• Chemical fertilizers need to be replaced with biologically based fertilizers. The 
production of biochar and its use in absorbing nutrients from animal and human 
waste require work in the logistics and infrastructure development. We currently 
spend millions on disposing of this “waste stream” without using the nutrients. This is 
a prime opportunity for the circular economy idea, but it needs the support of the 
innovation landscape. This helps both adaptation and mitigation goals. 

 How can the Council better assess existing University capacity to deliver climate-relevant
technology research? Convene a workshop(s) with industry, ag, forestry companies, 
agencies and federal research agencies (ARS, USFS, USGS, DOE, etc) invite philanthropic 
organizations with a climate change emphasis, also include investment banks and other 
investment companies. The purpose would be to list and prioritize sectors and topics 
within the sectors that need knowledge gaps filled. There should be annual meetings to 
report results and re-examine the priorities in case they need adjustment. The focus will 
be on supporting the whole supply chain. The council should consider having this a 
multi-state effort to capture synergies from combined resources. Idaho, OR and WA 
have similar combinations of mountainous forested areas and agricultural lands also 
similar wind, solar and hydro resources. Federal support would be easier to get if 
regional efforts are made. 

 How can the Council best engage industry partners to form a shared innovation vision for
Montana?  See above. 

 What is the right organizational structure that best delivers resources and capacity to
communities?  Organzing around groups of counties with similar resources, issues 
and topics to address, then it will be easy to bring in businesses that match that 
geography and topics Where does dedicated funding come from? A fossil carbon tax 
or the coal severance fund. 

 How can the state consider and adopt new approaches that address the acute needs of workers 
in transition? 

 How can climate policy address fiscal risks facing the state? It is not clear what risks you are talking 
about. Do you mean the increased costs for firefighting? Health risks from more smoke pollution? The 
risks of more flooding? The declining revenue from farmers paying taxes when droughts occur? Or are
you talking about the risk of declining revenue as coal, oil and gas production go down affecting the 
revenue stream to the state treasury? 

For the first set of questions we should impose a tax on fossil C to set up a fund to cover emergency costs induced 
by climate change, and assistance to businesses impacting by climate change.  For the second we need to diversify 
the tax base to get more from tourists visiting the state and using our infrastructure, We need to turn renewable 
energy into a tax revenue source.
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 What is the role of tax policy in confronting climate change? As stated repeatedly, a carbon fee and 
dividend is the most effective way to promote implementation of the innovations that are out there. It 
will drive many of the mitigation measures and some of the adaptation measure this paper identifies. 
1% of the fee could be used to help transition coal, oil and gas displaced workers.

Key question around workforce training and transition: 

Addressing ongoing and future transitions in Montana’s economy and communities must address 
the needs of the current and future workforce. Transitions displace existing workers and 
Montanan’s just entering the workforce must be prepared for a different set of skill and education 
requirements associated with different types of jobs. 

The Council seeks feedback on strategies the state can pursue related to preparing Montana’s 
workforce for transitions. The Council began conversations but did not arrive at consensus 
recommendations. The Council will continue to engage with the public and partners to develop 
recommendations for consideration in the final report. Based on emerging knowledge and best 
practice, we want the conversation to focus on apprenticeships rather than retraining, including 
linking trade and skill training in schools and community colleges to apprenticeship programs. We 
also want feedback on possible recommendations related to securing prevailing wages for Montana 
workers and providing opportunity for collective bargaining. 

We also seek feedback on strategies the state can pursue to achieve workforce goals. For example, 
should the state use its own spending and contracting authority to require workforce goals are met 
(e.g., required apprenticeship programs on major public projects), should the state directly fund 
trade and skill programs with apprenticeship opportunity and where should funds come from, or 
should the state mandate collective bargaining and prevailing wages in particular industries central 
to meeting the state’s climate goals. 

Commented [O53]: I agree the use of apprenticeships is critical 
to the success of transitioning workers and their families. If we are 
going to get people working in those areas to support the policies 
needed to avoid the catastrophic effects coming with climate 
change. 
   Requiring prevailing wages and opportunities for collective 
bargaining can assure workers their interests are properly 
considered. 
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3/19/2020 

Climate Solutions Council 

Comments on Preliminary Plan 

Dear Members, 

Thank you for dedicating time away from your normal jobs to serve the people of Montana on this extremely 

important issue affecting every Montanan whether they realize it or not. We have a decade to bring about 

substantial changes to our use of fossil fuels and set our economy on a very different path. And then two more 

decades to fossil carbon neutrality and then drawing down the CO2 in the atmosphere by 2050. I have a deep 

background in Forest Ecology, Forest Management, Carbon Cycling and the role of forests and their products 

(including energy production) in climate change. 

The current covid 19 pandemic is an important lesson for approaching climate change. “Everything we do before 

a pandemic will seem alarmist, everything we do after will seem inadequate.” Michael Leavitt 2007 HHS 

Secretary. We are learning the truth of this statement as we are all severely restricted in where we go and what 

we do in response to covid 19. The same can be applied to climate change. The difference between the two is 

covid 19 plays out in days and weeks whereas climate change has taken decades. We are running out of time to 

make the changes for climate change to avoid catastrophic economic, environmental and social effects. This 

council is tasked with mapping out the path forward. You have to think big and bold and recommend dramatic 

actions that fit the scale of the problem in front of us, just as we are attempting to do with covid 19 in real time. 

Forests in Montana, the US and internationally and their management are extremely important to achieving 

these changes. Their role in outdoor recreation, watershed benefits, wildlife habitat, carbon capture and storage 

in trees and short and long-lived products is substantial. Our forests can either be a negative carbon source 

further aggravating climate change through mega-fires and insect and disease epidemics or they can be a sink 

helping solve the problem.  

Many of our forests are also in need of management to help them adapt to the new climate we have already 

started to experience, from the megafires to bark beetle outbreaks. These management needs provide 

opportunities for innovation to capture and use the biogenic carbon that has been stored in the overstocked 

forests. Federal forests must be part of these actions. The harvest and use of wood products are enmeshed in all 

three committees and thus it is important to tie them all together as stated in Guiding Principle #5 for Effective 

Adaptation. Many of my comments relate to forests and their role but not exclusively. 

The reports and recommendations do not address embodied energy and CO2 content, which is the energy/CO2 

needed to make a product. Some materials are very high such as concrete, steel, aluminum, glass, etc. Wood has 

a very low content by comparison because the sun’s energy drives the creation of it. And in Montana our 

sawmills on average use 86% renewable energy, so the fossil carbon content is very low by comparison.  

Embodied energy is extremely important because all the CO2 released for a building or bridge is released at the 

time of construction, whereas the CO2 released by operations (heating, cooling and lighting) accumulate over 

time. Both are important to address but given the time frame the IPCC provides to avoid the 1.5 degree increase 

#11a-05



we need to make as much of the change as possible that is front end loaded. By addressing both the embodied 

energy and operational/maintenance energy the built environment can become a carbon sink rather than a 

source. Please make this an explicit part of the recommendations. 

In the attached are my comments embedded in your preliminary recommendations. I only comment on items 

that I thought had been missed, needed further articulation or I disagreed with. The portions without comment I 

find acceptable or don’t know enough about to comment thoughtfully. There is some redundancy where topics 

overlap between the three sections, which I have left on purpose. I think it is important the document make 

explicit the interconnected nature of many of the recommendations. 

My final contextual comment is that there is a policy tool that provides the fundamental carrot and stick for the 

vast majority of my comments and many of the recommendations in the preliminary plan. A national carbon fee 

and dividend that places a relatively low price on fossil carbon initially but steadily rises over the next three 

decades is essential to sending a clear signal throughout the whole economic chain of products and services for 

which it is used. The Governor’s E.O. calls for fossil carbon neutrality by 2050 throughout the whole economy, to 

achieve that requires a mechanism that will penetrate the whole economy, a carbon fee can do that. To achieve 

equity for the citizens of Montana and the whole country, I recommend all the money collected be returned to 

citizens on a per capita basis, less administration costs and funds to cover displaced workers. The policy should 

include a border trade adjustment to protect American businesses and a rebate for carbon capture and storage 

through both technical and biological means. The dividend provides the funds to families to adapt their lifestyle 

to a low fossil carbon economy, by buying a low carbon vehicle or installing solar PV or heat collectors, insulating 

their house and replacing windows, etc. The dividend is flexible for families to choose the system that best fits 

their situation.  A strong endorsement of a federal fossil carbon fee and dividend by this diverse group is needed 

to motivate our federal representatives in congress to pass legislation. 

A key consideration is that society is already paying for the changing climate effects, by landowners, businesses, 

families, local, state and federal government agencies suffering the costs of drought, wildfire, detrimental health 

effects of smoke, cancelled recreation visits, etc; however the costs are external to the price of fossil carbon and 

thus there is no price signal sent to producers and consumers to change their behavior. Let’s establish a market 

signal that will change behavior of every entity just described. 

Here are a few examples of how behavior would change: 

• How different would utilities whether Coops or NWE’s 20 year plans be different if there was a steadily

increasing price on fossil carbon for the next 30 years? They and their energy providers would have a

very different set of costs to consider and would change their approach, including carbon capture and

storage.

• Local and state government investments in buildings would be changed. The city of Missoula is finishing

a new 3 storey library that fills and entire city block. It was built with concrete and steel which both have

very large embodied energy/fossil carbon content. They did not use mass timber because apparently the

cost was higher for wood. If a price on fossil carbon existed at the time of planning and design the

structure it would likely have had a different outcome, as would most private construction projects.
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• Individuals would make different choices for their transportation purchases if they knew the price of

gasoline/diesel was going to go up steadily for the next 30 years.

Attached is a word version of the preliminary recommendations and questions with my comments, questions 

and suggestions embedded using tracking changes.      

Submitted with respect and admiration for this most important task you are helping the state address. Please 

contact me if you have any questions related to my comments. 

Sincerely, 

David C. Atkins  
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