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Å At the request of the Montana Department of Environmental Quality, the Clean 
Energy Transition Institute and Evolved Energy Research have provided this 
ǎǳƳƳŀǊȅ ƻŦ ŀƴŀƭȅǎƛǎ ǊŜƭŜǾŀƴǘ ǘƻ aƻƴǘŀƴŀ ŦǊƻƳ ǘƘŜ LƴǎǘƛǘǳǘŜΩǎ WǳƴŜ нлмф ǊŜǇƻǊǘΥ 
Meeting the Challenge of Our Time: Pathways to a Clean Energy Future for the 
Northwest, which describes the results of the Northwest Deep Decarbonization 
Pathways Study (NWDDP) conducted in the winter 2018.

Å Data specific to Montana is shared here to help members of the public 
understand some of the emissions reductions pathways and tradeoffs facing 
aƻƴǘŀƴŀΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǿŀȅǎ ƛƴ ǿƘƛŎƘ aƻƴǘŀƴŀΩǎ ŜƴŜǊƎȅ ǎȅǎǘŜƳ ŀƴŘ ǳƴƛǉǳŜ 
assets may be able to serve regional needs in the future. 

Å Caution should be used in interpreting and applying the specific results 
presented here. As the Montana Climate Solutions Council report highlights, 
there is a need for a stakeholder process to support future study and 
ƛƴǾŜǎǘƛƎŀǘƛƻƴ ǘƘŀǘ ǘŀƛƭƻǊǎ ŀǎǎǳƳǇǘƛƻƴǎ ǘƻ aƻƴǘŀƴŀΩǎ ǎǇŜŎƛŦƛŎ ǎǘŀǘŜ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ 
context, and more fully considers the implications of proposed projects, policies, 
and the timing of resource retirements.
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Å 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.

Å 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
tƻƭƛŎȅ ŀŎǘƛƻƴǎ ǘŀƪŜƴ ƛƴ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ²Ŝǎǘ ŎƻǳƭŘ ƛƳǇŀŎǘ aƻƴǘŀƴŀΩǎ ƛƴǾŜǎǘƳŜƴǘǎ ƛƴ 
significant ways, with opportunities to play a major export role in a decarbonized Western 
system

Å 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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Å 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

Å Stakeholder-driven, 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.

Å Background on a modeling approach for the state is included to inform next steps. 
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Å The following report shows Montana-specific results generated from analysis done 
for the Northwest Deep Decarbonization Pathways Study (NWDDP) released in 
June 2019

ÅResults include:
The demand side transformation ςwhat types of investments were assumed across energy-
consuming sectors of the economy over the next 30 years?
Supply side optimization ςhow best can we serve the energy needs of the economy while 
adhering to limits on total emissions?
Summary of high-level findings ςwhat do they mean for Montana?
Caveats to the results ςwhat has changed since this study took place?

Å The report concludes with a high-ƭŜǾŜƭ ŀǇǇǊƻŀŎƘ ǘƻ ǎǘǳŘȅƛƴƎ aƻƴǘŀƴŀΩǎ ǎǇŜŎƛŦƛŎ 
decarbonization needs, incorporating the interests of stakeholders in the state

Introduction
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Supporting Montana: Summarizing Pathways Analysis for Future Decarbonization



ÅThe Northwest Deep Decarbonization Pathways (NW DDP) analysis was 
conducted using state-level granularity to determine least-cost pathways 

ÅThe study released in June 2019 summarized results for the region, including 
Idaho, Montana, Oregon, and Washington

ÅThis 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

ÅOur analytical approach, assumptions and scenario design are not described 
in this document since they are extensively detailed in our technical report
and do not vary by state

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


Historical Montana Energy-Related CO2 Emissions
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Å Half of the emissions from within 
aƻƴǘŀƴŀΩǎ ōƻǊŘŜǊǎ ŎƻƳŜ ŦǊƻƳ ŜƭŜŎǘǊƛŎ 
power
aƻƴǘŀƴŀΩǎ нллт ŜƳƛǎǎƛƻƴǎ ƛƴǾŜƴǘƻǊȅ 
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

Å The transportation sector accounts for 
a quarter of all energy-related CO2
emissions, primarily due to liquid fossil 
fuel consumption:

Gasoline fuel in passenger transportation
Diesel fuel in freight transportation
Jet fuel in aviation
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Montana GHG Inventory

page   10

ÅNet emissions from exports to other 
states, Montana emitted 19.2 MMT 
CO2 from energy in 1990

Å12.9 MMT came from non-energy 
sources

ÅWhile there is a clear technological 
path to reducing energy-related 
emissions, measures for non-energy 
emissions reductions are less well 
developed

Table ES-1. Montana Historical and Reference Case GHG Emissions, Consumption-based, by Sector
Historic Projection

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 22.5
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

Res/Comm/Non-Fossil Ind (RCI) 4.5 4.5 4.8 5.2 5.3
Coal 0.5 0.3 0.3 0.3 0.3
Natural Gas 2.1 3.1 2.9 3.2 3.3
Oil 1.9 1.1 1.6 1.7 1.7
Wood (CH4 and N2O) 0 0 0 0 0

Transportation 5.9 7.3 8 8.8 10.4
Motor Gasoline 3.8 4.4 4.4 4.8 5.7
Dieselb 1.7 2.5 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
Natural Gas Industry 1.4 1.7 2 2.3 2.4
Oil Industry 2 2.2 2.7 2.8 2.8
Coal Mining (Methane) 0.2 0.2 0.2 0.2 0.2
Coal to Liquids

Industrial Processes 1.2 1 0.9 1.1 1.5
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
Aluminum Industry 0.7 0.3 0.1 0.1 0.1

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
Wastewater Management 0.1 0.1 0.1 0.1 0.1

Agriculture 7.9 9.5 7.9 7.9 7.9
Livestock Management 3.2 3.7 3.6 3.6 3.6
Ag. Soils and Residue Burning 4.7 5.8 4.2 4.2 4.2

Total Gross Emissions 32.2 36.1 36.8 38.5 41.7

Forestry and Land Use -23.1 -23.1 -23.1 -23.1 -23.1
Agricultural Soils Sink -2.3 -2.3 -2.3 -2.3 -2.3
Net Emissions (including sinks) 6.8 10.7 11.4 13.1 16.3

Energy-related CO2 emissions 19.2 21.2 22.8 24.1 26.5
Non-energy GHG emissions 12.9 14.9 14 14.5 15

Total Gross emissions 32.1 36.1 36.8 38.6 41.5

Source: Montana Greenhouse Gas Inventory and Reference Case 
Projections 1990-2020. Center for Climate Strategies. September 2007



NWDDP Deep Decarbonization Target
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ÅTarget: 86 percent reduction in energy-related 
CO2 emissions below 1990 levels by 2050

ÅEnergy target is consistent with an economy-
wide GHG reduction target of 80 percent below 
1990 levels by 2050 

Allows for reductions below 80 percent for non-
energy CO2 and non-CO2 GHG emissions, where 
mitigation feasibility is less understood

86%

NWDDP Montana Energy Emissions Target



The Demand Side

How was Montana forecast to consume energy 
in the NWDDP?
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Montana Energy Demand: End-Use Consumption
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ÅEnd-use consumption or final energy 
demand represents energy used in the 
delivery of services such as heating or 
transportation

Excludes energy consumed in converting to 
other forms of energy (e.g., pipeline gas 
consumed by power plants)

ÅOverall end-use demand in 2050 is one-
third below today

Electricity consumption increases by more 
than 70% and comprises one-half of all end-
use consumption by 2050
Gasoline and diesel decrease from one-half 
of demand today to one-fifth by 2050 as on-
road vehicles transition to electricity

-35%



Montana Energy Demand: Retail Electricity Sales by End-Use
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ÅNet increase in end-use electricity 
consumption is primarily related to 
electrifying passenger and freight 
transportation

ÅBy 2050, all passenger vehicles on 
the road are electric, whereas 
about half of freight trucks are

Freight trucks that continue to use 
liquid fuels primarily consume 
renewable diesel in the 2050 
timeframe

+71%



Montana Transportation Electrification
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ÅVehicles on the road rapidly 
transition from liquid fuels 
to electric

Aggressive adoption over the 
next three decades is 
necessary

ÅThis results in an overall 
decrease in final energy 
demand due to the 
efficiency of an electric 
powertrain relative to an 
internal combustion engine



Montana Building Electrification
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Example: Residential Buildings

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

ÅElectrification of space and water 
heating translates into deep energy 
use reductions due to the efficiency 
of heat pump technology relative to 
the best in-class combustion 
equipment

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



The Supply Side

Electricity Sector and Fuel Supply
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Capacity Expansion
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Northwest-Wide

ÅNorthwest electricity sector adds 
nearly 100 GW of new electricity 
supply resources by 2050

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

ÅGas and storage resources are 
added primarily to provide 
resource adequacy and balancing

The capacity factor (utilization) of 
the gas-fired fleet is below 10% in 
2050



Electricity Generation
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Northwest-Wide

Å Incremental wind and solar PV are the 
principal sources of supply to both 
decarbonize electricity generation and 
meet growing electricity consumption

Wind generation is nearly the same size as 
hydro generation by 2050

ÅGas-fired generation share is 4% in 2050, 
while coal-fired generation is eliminated

ÅColumbia Generating Station is extended 
after 2043 and operates through the 
study horizon (2050)



Hourly Operations
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Northwest-Wide

Flexible demand 
consumes high output 
from hydro, wind and 
solar in the Spring

Å Electricity balancing is one of the principal 
technical and economic challenges of a 
decarbonized energy system

Å The energy systems in this study have a large 
percentage of non-dispatchable generation 
resources (e.g., wind and solar)

Å In many studies of low-carbon electricity 
systems, balancing is limited to thermal and 
energy storage resources

Å However, this is an incomplete toolkit, 
specifically when dealing with imbalances 
that can persist over days and weeks

Å This study expands the portfolio of options 
available to address balancing challenges, 
employing solutions such as flexible electric 
fuel production (e.g., electrolysis) in addition 
to energy storage, thermal generation and 
transmission



Energy Demand: Transmission-Level Electric Load
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Montana

ÅTransmission-level load increases 
by 90 percent between 2020 and 
2050

ÅA large portion of the net 
ƛƴŎǊŜŀǎŜ ƛǎ ŦǊƻƳ ƘƛƎƘŜǊ άŦƛȄŜŘέ 
loads (e.g., end-use retail sales)

ÅHowever, another significant 
portion of load growth in the 
state is from electrolysis facilities, 
which produce hydrogen 
primarily for synthetic fuels

Electricity consumed for 
hydrogen production



New Sources of Electric Load
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Montana

ÅLarge, flexible sources of electric load help Montana manage electricity 
imbalances across the year

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



aƻƴǘŀƴŀΩǎ 9ƭŜŎǘǊƛŎƛǘȅ 9ȄǇƻǊǘ aŀǊƪŜǘ
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Montana

Å In all cases, Montana is a 
significant net exporter of 
electricity to other states by 
2050

Å Total exports are limited by the 
available transmission

2.2 GW to Washington
0.34 GW to Idaho
0.6 GW to the rest of the West

Å Expanding transmission to 
surrounding regions would 
increase the export market 
potential for Montana

Key opportunity to investigate in 
future state planning efforts



Exports Increase with Development of Montana Wind Sector
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Montana Net Exports in the Central Case

ÅA 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

ÅMontana energy is majority wind by 
2050

ÅNew, tighter emissions targets 
proposed in Washington and other 
Western states since the NWDDP was 
conducted will drive further demand 
for low cost and clean Montana wind 
exports



Montana Energy Supply: Fuels
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Biofuels with CCS are the 
primary source of diesel 
and jet fuel in 2050

While other states 
decarbonize a fraction of 
pipeline gas with 
synthetic electric fuels, 
Montana retains fossil 
gas, choosing instead to 
offset emissions with 
CCS



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

Å 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

Å 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

Å Targets have changed for other Western states
Since the NWDDP was conducted, Western states including Washington, Colorado, and Nevada have set more stringent 
emissions and clean energy standards
These will drive more clean energy investment, and potentially greater demand for Montana resources

Å 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 vehicles ςone of the largest drivers of 
decarbonization cost reductions

Å Covid-19 has impacted demand and fuel prices
Short-term market price impacts, and longer term demand impacts and structural changes may revise the outlook for 
demand and prices over the coming years



Caveats
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Continued

Å No transmission expansion and limited interstate representation
The NWDDP did not simulate the opportunity of expanding transmission and thus expanding the market 
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

Å [ŀŎƪ ƻŦ ŘŜǘŀƛƭŜŘ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ aƻƴǘŀƴŀΩǎ Ŏƻŀƭ ƎŜƴŜǊŀǘƻǊǎ
tƻƭƛŎȅ ƻǇǘƛƻƴǎ ǎǳǊǊƻǳƴŘƛƴƎ aƻƴǘŀƴŀΩǎ Ŏƻŀƭ ƛƴŘǳǎǘǊȅΣ ƛƴŎƭǳŘƛƴƎ ǊŜǘƛǊŜƳŜƴǘ ǎŎƘŜŘǳƭŜǎΣ ǿŜǊŜ ƴƻǘ ƛƴǾŜǎǘƛƎŀǘŜŘ 
in the NWDDP

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

Å 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 conducted. 
Fuel cells may play an important role in the future, particularly in long-distance trucking



Summary
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Source: Northwest Deep Decarbonization Pathways Study, June 2019, Evolved Energy Research

What Are the Least Cost Strategies that Policy Should Target?

Figure for illustration purposes only
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Northwest-wide



Montana Energy CO2 Emissions By Fossil Fuel Type 2020-2050
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ÅThe five decarbonization strategies 
ǊŜŘǳŎŜ aƻƴǘŀƴŀΩǎ ŜƳƛǎǎƛƻƴǎ ƻǾŜǊ 
the next three decades

ÅThe largest remaining source of 
emissions is natural gas

Natural gas is the cheapest fossil fuel, 
therefore it is the last to be 
decarbonized

ÅMontana offsets remaining 
emissions with carbon sequestration 
in saline aquifers to reach the 2050 
target



Montana Energy CO2 Emissions By Sector

page   32

ÅOverall emissions decrease across all 
ǎŜŎǘƻǊǎ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ŜŎƻƴƻƳȅ

ÅTransportation emissions decline 
significantly with on-road (LDV, MDV, 
and HDV) significantly reduced

In 2050, biofuels with CCS are the 
dominant source of diesel and jet fuel, 
resulting in negative emissions

ÅBuilding emissions are reduced to 
~1MMT by 2050 as heating services 
are electrified



Load
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Northwest-Wide

Å Load increases by more than 60 percent between 2020 and 2050
Å! ƭŀǊƎŜ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ƴŜǘ ƛƴŎǊŜŀǎŜ ƛǎ ŦǊƻƳ ƘƛƎƘŜǊ άŦƛȄŜŘέ ƭƻŀŘǎΣ ǎǳŎƘ ŀǎ 

transportation electrification
ÅHowever, a significant portion is from other demand sources, including the 

production of hydrogen, capturing CO2 and using electric boilers to produce steam

Increased in fixed load, 
which represents end-use 
demand from buildings, 
transportation, etc.

Additional electric 
load to produce 
hydrogen, capture 
CO2, store energy, etc.



State-level Energy CO2 Emissions in 2050
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Northwest Wide

Å In most states, the majority of 
remaining emissions are from 
natural gas combustion

Å The exception is Washington 
State, where residual fuel oil 
used in shipping is the largest 
remaining source of emissions

The NWDDP did not include 
options for decarbonizing this 
sector. Future studies will, 
impacting regional investments

ÅMontana has geological CO2
sequestration potential, which 
allows for the capture of CO2
and storage in saline aquifers



Montana Net Costs
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Estimated as the difference between the Central Case and Reference Case

Å Net costs for the state primarily 
represent incremental:

Biofuel feedstocks and infrastructure;
Demand-side electrification and 
efficiency investments; and
Renewable power plants and 
supporting electricity infrastructure

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

Å 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


