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How to Use this Report and Information

A At the request of the Montana Department of Environmental Quality, the Clean
Energy Transition Institute and Evolved Evnerg% Research have provided this |,
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Meeting the Challenge of Our Time: Pathways to a Clean Energy Future for the
Northwest which describes the results of the Northwest Deep Déecarbonization
Pathways Study (NWDDP) conducted in the winter 2018.

A Data specific to Montana is shared here to help members of the public
understand some of the emissions reductions pathways and tradeoffs fac;n% 5
azyulrylrz la ¢Sttt |a UKS 'glea Ay gKAOK azy
assets may be able to serve regional needs in the future.

A Caution should be used in interpreting and ap][quing the specific results
resented here. As the Montana Climate Solutions Council report hlocT;hIlghts,
here.is.a need for a stakeholder process to_,_sup/[\)ort future study an p o,
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context, and more fully considers the implications of proposed projects, policies,
and the timing of resource retirements.
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Executive Summanpi-

A To meet future energy needs at least cost, the study finds that decarbonization can
be achieved through a combination of five key strategies (energy efficiency,
decarbonized electricity, decarbonized fuels, electrification, and carbon capture)
along with the continued use of very limited natural gas resources to address
peaking capacity needs.

A The study finds that Montana utilizes its geographic strengths on the supply side to
meet these shifting demands across the NW region:

A large wind sector is established, supplying clean energy to Montana and surrounding
regions

Carbon is sequestered in saline aquifers in the production of liquid fuels from biomass,
offsetting emissions from other sources
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significant ways, with opportunities to play a major export role in a decarbonized Western
system

A The NWDDP assumptions drive decreased total energy demand as a result of
efficiency gains, much of which comes from electrification in transportation and
buildings. As a result, electricity demand grows by approximately 70%.
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Executive Summarg-

A Decarbonization costs are 1 to 1.5% of Montana GDP in the NWDDP using 2018
technology price forecasts, though likely a net benefit to the state when factoring in
externalities.

Fossil fuel and electric vehicle price uncertainties have a major impact on total costs. Price
declines in electric vehicle forecasts since 2018 may make decarbonization a net benefit to the
state before factoring in externalities

A Stakeholderdriven, energy system planning specific to Montana can help further
determine investments necessary to minimize total cost of achieving targets for different
future scenarios and can inform subsequent policy analysis of how best to achieve those
Investments and allocate costs.

A Background on a modeling approach for the state is included to inform next steps.




Background



Introduction

Supporting Montana: Summarizing Pathways Analysis for Future Decarbonization

A The following report shows Montarspecific results generated from analysis done
for the Northwest Deep Decarbonization Pathways Study (NWDDP) released In
June 2019

A Results include:

The demand side transformatiaywhat types of investments were assumed across energy
consuming sectors of the economy over the next 30 years?

Supply side optimizatiog how best can we serve the energy needs of the economy while
adhering to limits on total emissions?

Summary of higtevel findings; what do they mean for Montana?
Caveats to the resuliswhat has changed since this study took place?

A The report concludes with a highS @St | LILINB | OK (2 & dzR
decarbonization needs, incorporating the interests of stakeholders in the state




Analytical Context

A The Northwest Deep Decarbonization Pathways (NW DDP) analysis was
conducted using statéevel granularity to determine leasiost pathways

AT
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nestudy released in June 2088mmarized results for the region, including
aho, Montana, Oregon, and Washington

AT

NiS report presents results and insights specific to the state of Montana

The exception is the electricity sector, where operations and planning are already
Integrated regionally, and investments in resources benefit multiple states

We show resource decisions in Montana as part of the larger regional system

A Our analytical approach, assumptions and scenario design are not describe
In this document since they are extensively detailed inteahnical report
and do not vary by state



https://www.cleanenergytransition.org/meeting-the-challenge
https://www.cleanenergytransition.org/mtc-eer-technical-study

Historical Montana Energirelated COEmissions

Montana Energy CO2 Emissions

A Half of the emissions from within & ,
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power
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shows that ~50% of those emissions
were from electricity exported to other
states in 2005 (next slide)

Montana has remained a large net
exporter of power through 2020

A The transportation sector accounts f
a quarter of all energyelated CQ
emissions, primarily due to liguid fos
fuel consumption: 0

Gasoline fuel in passenger transportati

Diesel fuel in freight transportation
Sources: U.S. Energy Information Administration (EIA), State Energy Data System and

Jet fuel In aV|at|On EIA calculations made for this table. United States natimval total, EIA Monthly
Energy Review, July 2019 Section 11.
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Montana GHG Inventory

Table ESL. Montana Historical and Reference Case GHG Emissions, Consuntyatsel, by Sector

Million Metric Tons CO2e 1990 2000 2005 2010 2020
Electric Sector 8.9 9.5 10 10 11
Coal 15.8 16.2 18.5 20.2 2288
Natural Gas 0 0 0 0.4 0.4
Petroleum Coke 0 0.8 0.8 0.8 0.8
- - Net Exported Electricity 7 7.6 9.4 -11.3 -12.8
Net emissions from exports to other ResiCommiNerossi Ind (RG] TR SV R S—
Coal 0.5 0.3 0.3 0.3 0.3
- Natural Gas 21 3.1 2.9 3.2 3.3
states, Montana emitted 19.2 MMT
3 L] Wood (CH4 and N20) 0 0 0 0 0
- Transportation 5.9 7.3 8 8.8 104
C O 2 f 1 9 9 O Motor Gasoline 3.8 4.4 4.4 4.8 5.7
ro I I l e n e rgy I n Dieselb 1.7 25 3.1 3.4 3.9
Natural Gas, LPG, other 0.1 0.1 0.1 0.1 0.1
Jet Fuel, Aviation Gasoline 0.3 0.3 0.5 0.5 0.6
Fossil Fuel Industry 3.5 4.1 5 5.2 5.3
12.9 MMT came from neBenergy T oo S I R
" Oil Industry 2 2.2 2.7 2.8 2.8
Coal Mining (Methane) 0.2 0.2 0.2 0.2 0.2

S O u rC e S Coal to Liquids

Industrial Processes 1.2 1 0.9 1.1 15
ODS Substitutes 0 0.2 0.4 0.5 0.9
. . . SF6 from Electric Utilities 0.1 0.1 0 0 0
Cement & Other Industry 0.4 0.4 0.5 0.5 0.5
A While there is a clear technological
Waste Management 0.2 0.2 0.3 0.3 0.4
- Solid Waste Management 0.1 0.2 0.2 0.2 0.2
ath to reducina ener lated Wastewter Management o1 o4 o1 o1 of
Agriculture 7.9 9.5 7.9 7.9 7.9

Livestock Management 3.2 3.7 3.6 3.6 3.6

emissions, measures for namergy s p——"
emissions reductions are less well Py s L e 22V Y Y

Net Emissions (including sinks) 6.8 10.7 114 13.1 16.3
d eve I O p e d Energyrelated CO2 emissions 19.2 21.2 22.8 24.1 26.E
Non-energy GHG emissions 12.S 14.S 14 14.5 15
Total Gross emissions 32.1 36.1 36.8 38.€ 41.5

Source: Montana Greenhouse Gas Inventory and Reference Case
Projections 199€020. Center for Climate Strategies. September 2007




NWDDP Deep Decarbonization Target

NWDDP Montana Energy Emissions Targe

25
A Target 86 percent reduction in energylated
CQ emissions below 1990 levels by 2050 o
A Energy target is consistent with an econemy I

=
o

wide GHG reduction target of 80 percent below
1990 levels by 2050
Allows for reductions below 80 percent for non

energy C@and norCQ GHG emissions, where 5
mitigation feasibility is less understood
0

MMTCO2
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The Demand Side

How was Montana forecast to consume energy
In the NWDDP?



Montana Energy Demand: Eutbe Consumption

A Enduse consumption or final energy Final Energy Demand
demand represents energy used inthe
delivery of services such as heating or
transportation
Excludes energy consumed in converting to

other forms of energy fe.%. pipeline gas
consumed by power plants)

A Overall enduse demand in 2050 is one
third below today 100
Electricit)/ consumption increases bh/ more
0

than 70% and comprises otmalf of all end 50
use consumption by 2050

Gasoline and diesel decrease from dradf 2020 2025 2030 2035 2040 2045 2050
Of demand tOday to On'élfth by 2050 as oh = Other = Jet Fuel Gasoline Fuel = Pipeline Gas
road vehicles transition to electricity = Steam = Diesel Fuel = CNG/LNG Electricity

- EVOLVED
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Montana Energy Demand: Retail Electricity Sales bylsed

Retail Electricity Sales
TBtu

A Net increase in endise electricity
consumption is primarily related to 9
electrifying passenger and freight '

t t t Transportation
ransportation .
A By 2050, all passenger vehicles on %
the road are electric, whereas >0 Buildings
about half of freight trucks are 40
Freight trucks that continue to use ~ °°
liquid fuels primarily consume 20
renewable diesel in the 2050 10 plceicuE
timeframe 0




Montana Transportation Electrification

A Vehicles on the road rapidly

transition from liquid fuels
to electric

Aggressive adoption over the

next three decades is
necessary

A This results in an overall
decrease In final energy
demand due to the
efficiency of an electric
powertrain relative to an

Internal combustion engine *

Vehicles on the Road
% of Total

MDV HDV

LDV

100%

Electric

Electric

. Liquid Fuels ~JERLEEE
Liquid Fuels
0%
2020 2030 2040 2050 2020 2030 2040 2050 2020 2030 2040 2050
Final Energy Demand
TBtu
Electricity
60 m Other
m Diesel Fuel
40 Gasoline Fuel
u CNG/LNG
: o s
2018 20502018 20502018 2050




Montana Building Electrification

Example: Residential Buildings

A Energy consumption from buildings
decreases significantly over time
despite the growth of households
and floorspace

Electrification of space and water
heatln% translates into deep energy
use reductions due to the efficiency
of heat pump technology relative to
the best inclass combustion
equipment

This same trend is observed In
commercial building stocks, as well
as other end uses such as cooling
and water heating

Households
% of Total

Space Heating Water Heating

100%

S=3GURIS ELECTRIC
50%
0% ;
2020 2030 2040 2050 2020 2030 2040 2050
Final Energy Demand
TBtu
Electricity
20 Pipeline Gas
= Other

m Diesel Fuel
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2018

20502018 2050
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The Supply Side

Electricity Sector and Fuel Supply



Capacity Expansion

NorthwestWide
Cumulative New Resource Build
A Northwest electricity sector adds 100 e
nearly 100 GW of new electricity % .
supply resources by 2050 30

70

A Renewable resources dominate
capacity additions, with more than
40 GW of new onshore wind
developed and 35 GW of solar PV v

30 . .
A Gas and storage resources are .
added primarily to provide ) B I
resource adequacy and balancing = I .
The capacity factor (utilization) of D een URD A AU e A

B Energy Storage Solar PV

the gasfired fleet is below 10% in = Gas = Wind
2050

60

50

o




Electricity Generation
NorthwestWide

Electricity Generation Generation Mix
GWh % Total Generation

100%

A Incremental wind and solar PV are the
principal sources of supply to both 300,000
decarbonize electricity generation and ., ,,
meet growing electricity consumption |

Wind generation is nearly the same size 200,000
hydro generation by 2050

A Gasfired generation share is 4% in 205
while coaifired generation is eliminated 100.000

A Columbia Generating Station is extend so.00
after 2043 and operates through the ;
study horizon (2050) 2020 2050

B Storage Solar PV B Nuclear
B Gas = Wind
H Coal B Hydro

80%

60%

150,000

40%

20%

0%




Hourly Operations

NorthwestWide
. [ Energy Storage
o L o Northwest Generation (Top) and Load (Bottom): Solar PV
A Electricity balancing is one of the principal Sample Days in 2050 Onshore Wind
technical and economic challenges ofa ~ mwn = Hydro
decarbonized energy system Decomber o B Nuclear

DAC

A The energy s¥stem_s In this study have a large H2 Electrolysis
percentagé of nordispatchable generation Biofuels Production
resources (e.g., wind and solar 40,000 M Electric Boilers

_ o : [ Fixed Load

A In many studies of lowearbon electricity
systems, balancing is limited to thermal and g 20,000
energy storage resources

A However, this is an incomplete toolkit, 0

specifically when dealing with imbalances
that can persist over days and weeks | m— _
40,000 Flexible demand

A ThlS StUdy eXpandS the port_fOIiO of OptionS consumes high output
available to address balancing challenges, from hydro, wind and
emloloylng solutions such as flexible electric™ 20,000 solar in the Spring
fuel production (e.g., electrolysis) in addition
to energy storage, thermal géneration and .
transmission 2 7 12 17 22 2 7 12 17 22

% | EvoLveD
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Energy Demand: Transmissibavel Electric Load

Montana

A Transmissiodevel load increases Load BBt
by 90 percent between 2020 and " :E’f;iiﬁ.é“éﬁ."’;?;“’e
2050 35,000 Electricity consumed for Electrolysis

hydrogen production M Fixed

A A large portion of the net 30,000 i
AYONBIFAS Aa FTNRY KAIKSNJI SRE
oads (e.g., endise retail sales)  **
A However, another significant 20,000
portion of load growth in the 15,000
state is from electrolysis facilities,
which produce hydrogen 10,000
primarily for synthetic fuels 5,000

2020 2025 2030 2035 2040 2045 2050

o




New Sources of Electric Load

Montana

A Large, flexible sources of electric load help Montana manage electricity
Imbalances across the year

A Most of the new loads produce inputs for synthetic natural gas production,
while electric boilers produce steam for commercial and industrial activity

Electrolysis Capacity DAC Total Capture Capacity Electric Boiler Capacity
MW MMT per year MW
800 0.4 40
600 0.3 30
400 0.2 20
200 0.1 10
| _

2040 2045 2050 2040 2045 2050 2040 2045 2050
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Montana
Montana Load : E‘&Lﬁ;ig fssion Flow
A In all cases, Montana is a awn - Dy Sepure
significant net exporter of 55K - Renewable Diesel Production
electricity to other states by 50K
2050 45K

40K
35K
30K
25K

A Total exports are limited by the
available transmission
2.2 GW to Washington

0.34 GW to Idaho ok

0.6 GW to the rest of the West .

A Expanding transmission to 0K
surrounding regions would 5K
Increase the export market 0K
potential for Montana

Key opportunity to investigate in
future state planning efforts

Load GWh

Electricity
Biomass

Integration
Reference

I
7
@©
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=
T
P
o
P

100% Clean
Constrained
Increase CA
Limited Demand
Transformation




Exports Increase with Development of Montana Wind Sector

Montana Net Exports in the Central Case

A A close to doubling of wind from
2035 to 2040 supplies out of state
demand for clean energy

Washington State is the main export

market, driven by larger transmission
ties to the state

A Montana energy is majority wind b
5050 gy JOrity y

A New, tighter emissions targets
Woposed In Washington and other

® Storage

m Gas

m Coal
Solar PV

= Wind

B Hydro

Electricity Generation
GWh

40,000
30,000
20,000

10,000

0

N
o
(&)
o

N
o
w
(¢

2020 2025

Net Exports
GWh

estern states since the NWDDP w. _
conducted will drive further demand
for low cost and clean Montana winc
exports

ok N
2020

2025 2030 2035 2040 2045 2050




Montana Energy Supply: Fuels

Biofuels with CCS are the

Liquid and Gaseous Fuel Supply Mix primary source ofliesel
% of Total and jet fuelin 2050
100% I
Diesel =09,
Fuel °
0%
100%
Jet Fuel 50%
0%
(0)
Pipeline 100% <«— While other states
[ 50% decarbonize a fraction of
Gas pipeline gas with
0% synthetic electric fuels,
2020 2025 2030 2035 2040 2045 2050 Montana retains fossil
_ _ _ gas, choosing instead to
M Fossil Fuels Biofuels Biofuels w/ CCS Hydrogen M Power-to-X offset emissions with

CCS
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Caveats

There are several ways in which the NWDDP analysis cannot be directly applied to Montana

A

Scenario definitions and assumptions are not tailored to Montana interests or to represent the Montana
policies and uncertainties most valuable to investigate to inform policy development

Tailored analysis supporting State and stakeholder driven questions will best serve State climate policy action

Targets have since been proposed for Montana
Carbon neutral electricity by 2035 and net zero emissions by 2050
These will drive more clean energy investment in the state than in the NWDDP

Targets have changed for other Western states

Since the NWDDP was conducted, Western states including Washington, Colorado, and Nevada have set more stril
emissions and clean energy standards

These will drive more clean energy investment, and potentially greater demand for Montana resources

Prices are out of date

Forecasted prices have been lowered for many clean energy technologies, in some cases substantially, since the
NWDDP analysis was conducted in 2018. This includes for electric velooe®sf the largest drivers of
decarbonization cost reductions

Covid19 has impacted demand and fuel prices

Shortterm market price impacts, and longer term demand impacts and structural changes may revise the outlook fo
demand and prices over the coming years

< EVOLVED
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Caveats

Continued

A No transmission expansion and limited interstate representation

The NWDDP did not simulate the opportunity of expanding transmission and thus expanding the marke
for Montana clean energy to other regions

Investigating this becomes more important with the move of other states towards stringent clean energy
and emissions goals

ALFEOl 2F RSUFAfSR O2YaARSNIUAZY 2F azyuly
t 2t A0e Z2LIWUAZ2Ya adzNNRBRdzyRAYy3I azz2yulyl Qa O2It A
in the NWDDP

A Fuels trading limitations
The NWDDP did not allow states to trade clean fuels and build supply routes for clean fuel exports. Thic
an important pathway towards more realistic and lower cost regional decarbonization solutions

A Outdated assumptions about vehicle stock rollover

Assumed levels of electrification and remaining internal combustion energy stocks in the economy may
not be appropriate for Montana

Options for trucking using fuel cells have become more viable since the NWDDP analysis was conductse
Fuel cells may play an important role in the future, particularly inddistance trucking







What Are the Least Cost Strategies that Policy Should Target?

Northwestwide

Energy Efficiency Decarbonized Decarbonized Fuels Electrification Carbon Capture
MMBtu per person Electricity kg CO, per MMBtu Share of Total Final MMT CO, Capture
tonnes CO, per MWh Energy, %

Figure for illustration purposes only

200
0.20 80 Electric —
50% Fuels 5 Sequestered
150
60
0.15 40% Electricity — 4
% 3
100 010 40 30%
20% 2
50 .
0.50 20 0% ,  Utized
0 0.00 0 0% 0%
2020 2050 2020 2050 2020 2050 2020 2050 2020 2050
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Montana Energy C{Emissions By Fossil Fuel Type 22280

A The five decarbonization strategles Energy CO2 Emissions
NBERdzOS azyial yl Qa
the next three decades >

A The largest remaining source of
emissions is natural gas

Natural gas is the cheapest fossil fue' "
therefore it Is the last to be :
decarbonized

A Montana offsets remaining

2050 Target

0

_emiss_ions Wlth carbon SequestratiOI 2020 2025 2030 2035 2040 2045 2050
'::grsgael'l!ne aqUIferS to reaCh the 2050 Natr i I\I!{eetsli:cllfalnl Fuel Qil :(S:Zgzjestered CO2

= Natural Gas m Diesel




Montana Energy C{Emissions By Sector

A Overall emissions decrease AClOSS ¢ Energy CO2 Emissions by Sector
aSOU2NAR 2F UKS a ™
A Transportation emissions decline :
significantly with oaroad (LDV, MDV, s
and HDV) significantly reduced
In 2050, biofuels with CCS are the

dominant source of diesel and jet fuel, _
resulting in negative emissions

A Building emissions are reduced to  °
~1TMMT by 2050 as heating Services 2020 2025 2030 2035 2040 2045 2050
are electrlfled Transportation W Residential ® Commercial ® Productive
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Load

NorthwestWide

A Load increases by more than 60 percent between 2020 and 2050
Al fINBS LR2NIAZ2Y 2F (0KS ySi AYONSBI as
transportation electrification

A However, a si%nificant portion is from other demand sources, including the
production of hydrogen, capturing G@nd using electric boilers to produce steam

Load: Central Case

GWh Increased in fixed load, Additional electric
which represents endise load to produce
demand from buildings, hydrogen, capture

0 40,000 80,000 120,000 160,000 200,000 240,000 280,000 320,000

M Fixed Electrolysis M Electric Boilers M Direct Air Capture ¥ Biofuels M Energy Storage




Statelevel Energy C{Emissions in 2050

Northwest Wide

A In most states, the majority of
remaining emissions are from Energy CO2 Emissions, 2050
natural gas combustion MMT

A The exception is Washington Idaho 1 .
State, where residual fuel ol Montana [N S

used In shipping is the largest

remaining source of emission: Oregon H I
The NWDDP did not include Washington | B B
options for decarbonizing this P 0 > A 6 o 10

sector. Future studies will,

Impacting regional investments | |
B CO2 Sequestration M Diesel

A Montana has geological GO Residual Fuel Oil Gasoline
Sequestra’[ion poten lal, which m Other Petroleum M Natural Gas
allows for the capture of C
and storage In saline aquifers

Il Jet Fuel Other




Montana Net Costs

Estimated as the difference between the Central Case and Reference Case

A Net costs for the state primarily
represent incremental:

Biofuel feedstocks and infrastructure;

Demandside electrification and
efficiency investments; and

Renewable power plants and
supporting electricity infrastructure

A These incremental costs are
mitigated by savings from avoided
fossil fuel expenditures

A Net costs peak around 2040 as costs
of key decarbonization technologies
are still declining and the
alternative cost of fossil fuels
continues an upward trajectory




