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Acronym List

Acronym Definition 

ACC II Advanced Clean Cars II

ASHP Air source heat pump 

B2H Boardman to Hemingway [transmission line]

BEV Battery electric vehicle

BTM Behind-the-meter

CBECS Commercial Buildings Energy Consumption 
Survey

CBSA Commercial Building Stock Assessment 

CC Carbon capture 

CCGT Combined-cycle gas turbine

CCS Carbon capture and storage

CFS Clean Fuel Standard

CPP Climate Protection Program

CT Combustion turbine

DEQ [Oregon] Department of Environmental Quality

DER Distributed energy resources

EE Energy efficiency 

EIA Energy Information Administration 

EP Energy Pathways [Evolved model]

EPA Environmental Protection Agency 

Acronym Definition 

ESS Energy Storage System 

EV Electric vehicle 

FAME Fatty Acid Methyl Ester

FCEV Fuel cell electric vehicle 

G2V Grid-to-vehicle

GHG Greenhouse Gas

GSHP Ground source heat pump 

GW Gigawatt 

GWh Gigawatt hour 

H2 Hydrogen

HEFA Hydroprocessed Esters and Fatty Acids

HDV Heavy-duty vehicle 

IATA International Air Transport Association 

ICE Internal combustion engine

IOU Investor-owned utility

IRA Inflation Reduction Act

LDV Light-duty vehicle 

LPG Liquid petroleum gas 

MDV Medium-duty vehicle 

Acronym Definition 

MHDV Medium- and heavy-duty vehicles 

MMBtu One million British thermal units

MMT Million metric tons 

MW Megawatt

NEEA Northwest Energy Efficiency Alliance

NH3 Ammonia

NWPCC Northwest Power and Conservation Council

RBSA Residential Building Stock Assessment 

RE Renewable energy

RECS Residential Energy Consumption Survey

RIO Regional Investment and Operations  [Evolved 
model] 

SEDS State Energy Data System

TBtu One trillion British thermal units

TNC The Nature Conservancy

TWh Terawatt hour 

Tx Transmission

V2G Vehicle-to-grid

VMT Vehicle miles traveled

ZEV Zero emissions vehicle 



Modeling Overview
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Residential

Commercial

Industrial

Transportation

aƻŘŜƭ ƻŦ hǊŜƎƻƴΩǎ 
Economy

Electricity

Transportation fuels

Direct use fuels

hǊŜƎƻƴΩǎ 9ƴŜǊƎȅ 
Needs

Maintain reliability 

Least-cost solutions 

Meets energy policies

Least-Cost Energy 
Supply 

Overview of Modeling Approach

Model calculates energy supply

Model calculates energy needs

Must meet clean 
energy goals
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ÅOregon modeled as part of larger energy system

ÅAll states in the West modeled with their specific 
energy policies

ѐResource and load diversity

ѐResource competition for Oregon

ÅOregon modeled as two zones: East and West of 
the Cascades

ÅTransmission between zones modeled with 
existing transmission capability and the 
opportunity to expand with an associated cost

Model Geography: Oregon in Context of the West
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Modeling is Structured to Comply with Oregon 
Laws

ÅOregon has aggressive climate 
policies and goals, including 80% 
reduction in greenhouse gas 
emissions economy-wide by 2050

ÅEach modeled scenario shows a 
ǇŀǘƘǿŀȅ ǘƻ ŀŎƘƛŜǾƛƴƎ hǊŜƎƻƴΩǎ Ǝƻŀƭǎ

ÅNearly all emission reductions come 
from energy sector-related CO2 

emissions
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Modeling is Structured to Reflect Land Use and 
Natural Resource Constraints 

ÅLand use considerations are an input to the model through screening at a disaggregated level of where 
infrastructure projects could be located

ÅEvery scenario complies with most restrictive land use constraints in ¢ƘŜ bŀǘǳǊŜ /ƻƴǎŜǊǾŀƴŎȅΩǎ Power 
of Place-West study: legally protected, administratively protected, and high conservation value lands 
(Levels 1 ς 3) (See methodology on pages 204-209.)

https://www.evolved.energy/post/tnc-pop-west-study
https://www.evolved.energy/post/tnc-pop-west-study
https://www.evolved.energy/post/tnc-pop-west-study
https://www.evolved.energy/post/tnc-pop-west-study
https://www.evolved.energy/post/tnc-pop-west-study
https://www.evolved.energy/post/tnc-pop-west-study
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ÅOregon-specific data collected from up-to-date Oregon datasets, past studies, and 
consultations

Transportation DataτOregon Department of Transportation, EPA Motor Vehicle Emission 
Simulator (MOVES) 

Building DataτNEEA Residential and Commercial Building Assessments (RBSA & CBSA), EIA 
Residential & Commercial Building Energy Consumption Survey (RECS) & (CBECS)

EIA State Energy Data System (SEDS)

Oregon Department of Environmental Quality GHG Emissions Inventory

Planned resource investments

Data center and crypto forecast data

Portland State University Population Research Center

ÅReview of Oregon resources and input from ODOE and data holders in identifying 
available datasets

Reference Scenario Database Development with 
Oregon-Specific Data

10



page 11

Å²Ƙŀǘ ǊŜǎƻǳǊŎŜǎ Ƴǳǎǘ ōŜ ōǳƛƭǘ ǘƻ ƳŜŜǘ hǊŜƎƻƴΩǎ ŎƭƛƳŀǘŜ ŀƴŘ ŜƴŜǊƎȅ Ǝƻŀƭǎ ōŜǘǿŜŜƴ ƴƻǿ ŀƴŘ нлрлΚ

ÅWhat is the impact of delayed energy efficiency and building electrification?

ÅWhat is the impact of delayed electrification of medium- and heavy-duty vehicles?

ÅWhat happens if demand response participation is limited?

ÅWhat would happen if utility-scale electricity generation were limited in Oregon?

ÅWhat benefit do rooftop solar and behind-the-meter storage bring to the grid when transmission is 
limited to reconductoring?

ÅWhat might an alternative portfolio of flexible resources for electricity reliability look like if Oregon 
ŘƻŜǎƴΩǘ ōǳƛƭŘ ŀƴȅ ƴŜǿ ŎƭŜŀƴ Ǝŀǎ ǇƭŀƴǘǎΚ

ÅDoes decarbonization reduce criteria pollutants, and what is the impact on health metrics in the 
Northwest if it does?

ÅHow does household energy spending change with different technology adoption for cars and space 
heating?

Key Study Questions
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0. Reference: What are the key elements of a least-cost pathway ǘƻ ƳŜŜǘƛƴƎ hǊŜƎƻƴΩǎ ŜƴŜǊƎȅ ǇƻƭƛŎȅ ƻōƧŜŎǘƛǾŜǎΚ

0a. What if per capita vehicle miles traveled (VMT) remained the same from the present until 2050?

0b. What if electricity demand supplied for data center and technology growth were 50% lower than the forecast used for 
the Reference Scenario?

0c. What if there were no electrification targets for medium- and heavy-duty vehicles through 2035, thus deferring 
transportation electrification further than Scenario 2? 

1. What if energy efficiency and building electrification is delayed by 10 years? 

2. What if fulltransportation electrification of medium- and heavy-duty vehicles isdelayed 10 years, from 2040 to 2050? 

3. What if there is limited demand response participation? 

4. What if there is limited utility-scale electricity generation in Oregon? 

5. What if there are higher levels of rooftop solar and behind-the-meter storage and transmission is limited to 
reconductoring only (no new build)?

5a. What if the higher levels of rooftop solar and behind-the-meter storage and transmission is limited to reconductoring, 
and per capita VMT remained the same from the present until 2050?

6. What might an alternative portfolio of flexible resources for electricity reliability look like?

What if Scenarios and Sensitivities
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Selected Scenarios and Draft Assumptions

Scenario Assumptions 0. Reference 1. Delayed EE and BE 2. Delayed TE 3. Ltd DR 4. Ltd Gen 5. High DER + Ltd Tx 6. Alt Flex Res

Clean Electricity Policy HB2021, 80% below baseline (2010-2012) by 2030, 90% by 2035, zero emission retail electricity sales by 2040 applied to PGE, PAC, and ESSs (~62.1% of Oregon retail electricity sales, equal to higher percentage of total 
customers).

Federal Incentives IRA demand and supply side incentives

Resource Availability Retain thermal resources if economic, no coal after 2030 for IOUs, only gas burning h2, biogas, or with CCS oxyfuel permitted in 
2035 and onwards limited to less than 25 MW, TNC TX and RE potential. NREL ATB mid resource prices and consensus forecast 
H2 infra prices. Tx and pipeline expansion available in 2035 and onwards. B2H comes online 2030. OR East West potential set 
by planned transmission expansion

Limit potential for wind, solar, 
and geothermal in Oregon to 
half of what is built in the 
Reference Scenario

Allow only reconductoring 
transmission projects

No new gas or biogas 
electricity generators 
allowed in Oregon

Clean Fuel Standard DEQ CPP, 50% emissions reduction by 2035, 90% by 2050, applied to diesel, gasoline, and natural gas emissions. Not constrained unless the model violates this requirement.
DEQ CFS, applied every year, likely only binding in 2026 in the model because of EV credits

Distributed Energy Resources

Minimum 10% from 20 MW or smaller systems. NWPCC Forecast of rooftop solar. 42 MW/ 25 MWh of BTM storage (1% of households install storage systems, 
20% of them participate in offering grid services, 50% of stored energy available)

7 GW of rooftop solar. 2.1 
GW/1.3 GWh participating 
BTM storage capacity (40% 
of solar customers with 
storage, 50% participation, 
50% of stored energy 
available)

Same as 0

Economy-Wide GHG Policy EO 20-04: 45% below 1990 levels by 2035, 80% below 1990 levels by 2050

Non-CO2 emissions EPA emission reduction supply curves for Oregon

Buildings: Electrification

Same as 2-6
10-year delay on electrified 
space and water heating 
targets

Res Heating: 65% heat pump sales by 2030; 90% by 2040. Sales of woodstoves (res heating): 75% ASHP hybrid, 20% woodstoves, 5% HP by 2050.
Commercial Heating: Small/large commercial 50/50 split. Small commercial same as residential. Large commercial: 15% HP, 10% other electric/hybrid by 2030, 
50% HP, 40% other electric/hybrid by 2045.
Water heating targets: Residential includes 2029 federal standards, 95% heat pump sales by 2045; Commercial small follow residential, commercial large 
15%/10% by 2035, 50%/40% by 2045 (HP, other electric). Appliance sales: 95% electric by 2035

Buildings:
Efficiency and 
Weatherization

100% LED lighting sales by 2025. Latest vintage of all equipment, compliant with energy efficiency regulations.
3000 homes a year with whole home retrofits

Transportation: LDV ACC II for LDV sales reaching 100% in 2035

Transportation: MHDV

Same as 3-6

Advanced Clean Trucks 
through 2035
100% BEV by 2050, except 
transit 75% EV/25% FCEV 
and long haul 65% EV/35% 
FCEV by 2050

Advanced Clean Trucks through 2035
Post 2035: 100% ZEV sales by 2040 for Class 2b-8 vehicles
For long haul: 65% BEV/35%H2 (all other classes 100% electric)
School buses: 100% EV sales by 2036
Transit buses: 100% EV sales by 2036, 75%/25% EV/FCV by 2040

Transportation: Other Maritime: 50% ammonia, 20% liquid H2, 10% electric domestic, 60% ammonia, 20% liquid H2 international by 2050. Rail 70% H2, 20% electricity by 2050 (logistic growth starting in 2030). Aviation 15-20% efficiency gain through 
2050 (IATA).

Vehicle Miles Traveled 20% VMT reduction per capita by 2050 applied only to light duty

Industry
Same as 2-6

0.5%/yr process efficiency. 
Fuel switching halved

1%/yr process efficiency improvements. Fuel switching measures from fuels to electricity from 2030 through 2050. Not including data centers.

Demand Response
50% res/com heating, water heating (wh), and air conditioning (AC) by 2050 (0 in 2025). 2/3 
res EVs by 2030 (0 in 2020) G2V. 1/3 com EVs by 2030 (0 in 2020) G2V. 26% V2G res EVs by 
2050 (can discharge down to 40% battery capacity)

5% res/com heating, wh, AC 
by 2050, 20% of res EVs by 
2030, no com. No V2G (res)

Same as 0
2/3 V2G for residential EVs 
in 2050

Same as 0



page 14

Input Reference Scenario Alternative Scenario

Residential 
Space Heating

ÅAssume existing policies play out for all space heating technologies 
Å65% heat pump sales by 2030; 90% by 2040

ÅAssume existing policies play out for all space heating technologies 
Å65% heat pump sales by 2040; 90% by 2050

Commercial 
Space Heating

Weighted average of large and small commercial space heating loads, 
with the following framing:

ÅSmall commercial: follow residential
ÅLarge commercial:

Å2030: Electric heat pumps 15% of overall sales; other electric 
+ electric hybrid systems (including hybrid heat pumps) 10% of 
overall sales

Å2045: Electric heat pumps 50% of overall sales; other electric 
+ electric hybrid systems (including hybrid heat pumps) 40% of 
overall sales

Weighted average of large and small commercial space heating loads, with the 
following framing:

ÅSmall commercial: follow residential
ÅLarge commercial:

Å2040: Electric heat pumps 15% of overall sales; other electric + electric 
hybrid systems (including hybrid heat pumps) 10% of overall sales

Å 2055: Electric heat pumps 50% of overall sales; other electric + electric 
hybrid systems (including hybrid heat pumps) 40% of overall sales

Residential 
Water Heating

Å Incorporate Federal Energy Conservation Standards for Consumer 
Water Heaters (from May 6, 2029)

ÅElectric heat pump sales rising to 95% of overall sales by 2045

Å Incorporate Federal Energy Conservation Standards for Consumer Water 
Heaters (from May 6, 2029)

ÅElectric heat pump sales rising to 95% of overall sales by 2055

Commercial 
Water Heating

Weighted average of large and small commercial water heating loads, 
with the following framing:

ÅSmall commercial: follow residential
ÅLarge commercial:

Å 2035: Electric heat pumps for water heaters 15% of overall 
sales, other electric technologies 10% of overall sales

Å 2045: Electric heat pumps for water heaters 50% of overall 
sales, other electric technologies 40% of overall sales

Weighted average of large and small commercial water heating loads, with the 
following framing:

Å Small commercial: follow residential
Å Large commercial:

Å 2045: Electric heat pumps for water heaters 15% of overall sales, 
other electric technologies 10% of overall sales

Å 2055: Electric heat pumps for water heaters 50% of overall sales, 
other electric technologies 40% of overall sales

Scenario 1. Delayed Energy Efficiency and Building 
Electrification (1. Delayed EE & BE)
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Input Reference Scenario Alternative Scenario

Industrial Processes Å1% process efficiency improvements per year in all sectors
ÅFuel switching measures from fuels to electricity

Å0.5% process efficiency improvements per year in all sectors
ÅFuel switching measures from fuels to electricity

Electrification Å100% of machine drives by 2035 
Åмлл҈ ƻŦ ƭƻǿ ǘŜƳǇŜǊŀǘǳǊŜ ƘŜŀǘ ōȅ нлрлΣ ƛƴŎƭǳŘƛƴƎ ƛƴ hǊŜƎƻƴΩǎ ƭŀǊƎŜǎǘ 

industries such as computer and electronics products
Å50% of heat in bulk chemicals production, 25% of heat in glass 

production
Å50% of integrated steam production, including in food 

manufacturing, by 2045
Å100% of refrigeration by 2040
Å75% of industrial HVAC loads across industrial subsectors by 2050
Å80% of industrial vehicles including in agriculture by 2050
Å50% of construction energy demand by 2050

Å50% of machine drives by 2035 
Åрл҈ ƻŦ ƭƻǿ ǘŜƳǇŜǊŀǘǳǊŜ ƘŜŀǘ ōȅ нлрлΣ ƛƴŎƭǳŘƛƴƎ ƛƴ hǊŜƎƻƴΩǎ 

largest industries such as computer and electronics products
Å25% of heat in bulk chemicals production, 12.5% of heat in glass 

production
Å25% of integrated steam production, including in food 

manufacturing, by 2045
Å50% of refrigeration by 2040
Å37.5% of industrial HVAC loads across industrial subsectors by 

2050
Å40% of industrial vehicles including in agriculture by 2050
Å25% of construction energy demand by 2050

Switch to Hydrogen Å50% of heat in bulk chemicals (not a large industry in OR)
Å20% of integrated steam production, including in food 

manufacturing, by 2050
Å20% of construction energy demand
Å20% of industrial vehicles by 2050

Å25% of heat in bulk chemicals (not a large industry in OR)
Å10% of integrated steam production, including in food 

manufacturing, by 2050
Å10% of construction energy demand
Å10% of industrial vehicles by 2050

Scenario 1. Delayed Energy Efficiency and Building 
Electrification (1. Delayed EE and BE), cont.
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Input Reference Scenario Alternative Scenario

MDV and HDV sales shares ς 

post 2035

Transit and School Buses: 100% zero emission vehicle (ZEV) sales by 

2036; All other Class 2b-8 vehicles: 100% ZEV sales by 2040. Advanced 

Clean Trucks through 2035

Of the ZEVs:

Å For transit: 75% of ZEVs are assumed to be battery electric vehicles 

(BEVs), 25% are assumed to be hydrogen fuel cell electric vehicles 

(FCEVs)

Å For long haul: 65% of ZEVs are assumed to be BEVs, 35% are 

assumed to be hydrogen FCEVs

Å All other classes are assumed to be 100% BEVs

For all Class 2b-8 vehicles, including buses: 100% zero 
emission vehicle (ZEV) sales by 2050. Advanced Clean Trucks 

through 2035

Of the ZEVs:

Å For transit: 75% of ZEVs are assumed to be battery electric 

vehicles (BEVs), 25% are assumed to be hydrogen fuel cell electric 

vehicles (FCEVs)

Å For long haul: 65% of ZEVs are assumed to be BEVs, 35% are 

assumed to be hydrogen FCEVs

Å All other classes are assumed to be 100% BEVs

Scenario 2. Delayed Transportation Electrification 
(2. Delayed TE)
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Input Reference Scenario Alternative Scenario

Demand Response ς Households 

participation

50% of homes with demand response capability are participating 

in some form of firm demand response program by 2050 (linear 

growth from 2025)

Residential EVs: Start at 0, ramp up to 2/3 of residential EVs 

participate in managed charging by 2030

5% of homes with demand response capability are participating in 

some form of firm demand response program by 2050 (linear 

growth from 2025)

Residential EVs: Start at 0, ramp up to 20% of residential EVs 

participate in managed charging by 2030

Demand Response - Commercial 50% of commercial spaces with demand response capability are 

participating in some form of firm demand response program 

(linear growth from 2025)

Commercial EVs: Start at 0, ramp up to 1/3 of commercial EVs 

participate in managed charging by 2030

5% of commercial spaces with demand response capability are 

participating in some form of firm demand response program 

(linear growth from 2025)

Commercial EVs: No commercial EV participation in managed 

charging

Vehicle-to-grid(V2G) 26% V2G for residential EVs, assuming utilities can discharge 

battery down to 40% capacity (so use 60% of EV battery)

No V2G for residential EVs

Scenario 3. Limited Demand Response (3. Ltd DR)
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Input Reference Scenario Alternative Scenario

New Electric Resource 

Availability

Economic selection of new grid-scale electricity 

resources required to meet rising demand over time 

ŀƴŘ ƛƴ ƭƛƴŜ ǿƛǘƘ hǊŜƎƻƴΩǎ ŜƴŜǊƎȅ ǇƻƭƛŎȅ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ 

reliability constraints, limited by resource potentials 

identified in TNC Power of Place-West study.

Limit potential for new grid-scale wind, solar, and 

geothermal generation in Oregon to half of that built in 

Reference Scenario.

Scenario 4. Limited Utility-Scale Electricity 
Generation in Oregon (4. Ltd Gen)
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Input Reference Scenario Alternative Scenario

Transmission Development Tx and pipeline expansion available from 2035 onwards. B2H 

comes online 2030.

B2H comes online 2030.

Only reconductoring projects allowed.

Distributed Energy ResourcesNWPCC Forecast for rooftop solar. 42 MW/25 MWh of BTM 

storage (1% of households install storage systems; 20% of 

them participate in offering grid services, 50% of stored 

energy available).

7GW of rooftop solar. 

2.1GW/1.3 GWh participating BTM storage capacity 

(40% of solar customers with storage, 50% 

participation, 50% of stored energy available).

Demand Response: V2G 26% V2G for residential vehicles by 2050 2/3 V2G for residential vehicles by 2050

Scenario 5. High Distributed Energy Resources + 
Limited Transmission (5. High DER + Ltd Tx)



page 20

Input Reference Scenario Alternative Scenario

Resource Availability Option for 100% hydrogen- or new biogas-supplied new 

electricity plantsunder 25 MW.

No new gas or biogas electricity generators of any 

size allowed in Oregon.

Scenario 6. Alternative Flexible Resources (6. Alt 
Flex Res)
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Å0a. No Change in VMT in Reference Scenario 

ÅWhat if per capita vehicle miles traveled (VMT) remained the same from the present until 2050 instead of 
a 20% reduction in VMT per capita in light duty vehicles in the Reference Scenario?

Å0b. 50% Lower Tech Load Growth in Reference Scenario

ÅWhat if electricity demand supplied for data center growth and chip fabrication loads were 50% lower 
ǘƘŀƴ ǘƘŜ нлнф bƻǊǘƘǿŜǎǘ tƻǿŜǊ ŀƴŘ /ƻƴǎŜǊǾŀǘƛƻƴ /ƻǳƴŎƛƭΩǎ tƻǿŜǊ {ǳǇǇƭȅ !ŘŜǉǳŀŎȅ !ǎǎŜǎǎƳŜƴǘ нлнф 
mid-higher forecast? 

Å0c. No Advanced Clean Trucks Regulation in Delayed Transportation Electrification 
Alternative Scenario

Å What if there were no electrification targets for medium-and heavy-duty vehicles through 2035, thus 
deferring transportation electrification further than Scenario 2?

Å5a. No Change in VMT in High Distributed Energy Resources + Limited Transmission Scenario

ÅWhat if the higher levels of rooftop solar and behind-the-meter storage and transmission is limited to 
reconductoring, and per capita VMT remained the same from the present until 2050?

Sensitivity Questions
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Sensitivity Analyses 

Input Reference Scenario Sensitivity 

VMT Assumption 20% reduction in LDV VMT per capita by 2050 No change in VMT per capita from today 

Sensitivity 0a: No Change in VMT in Reference Scenario

Input Reference Scenario Sensitivity 

Tech Load Growth NWPCC Northwest Power Supply Adequacy Assessment for 2029 
mid-higher case assumed by 2030, with 1.5% load growth 
annually 2030-2050

50% of Reference Scenario tech loads electricity 
demand by 2030, with 1% load growth annually 
2030-2050

Sensitivity 0b: 50% Lower Tech Load Growthin Reference Scenario 
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Input Scenario 5. High DER + Ltd Tx Sensitivity 

VMT Assumption 20% reduction in LDV VMT per capita by 2050 No change in VMT per capita from today 

Sensitivity Analyses 

Input Reference Scenario Sensitivity 

MHD Electrification AssumptionÅ Advanced Clean Trucks targets through 2035 

Å 100% ZEV sales for transit/school buses by 2036

Å 100% ZEV sales for all other MHD vehicle classes by 2050

Å 100% ZEV sales for all MHD vehicle classes 

by 2050

Å No interim electrification targets for MHD

Sensitivity 0c: No Advanced Clean Trucks Regulation in Delayed Transportation Electrification Alternative Scenario

Sensitivity 5a: No Change in VMT in High Distributed Energy resources + Limited Transmission Scenario



Key Findings
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Å¢ƘŜ ƳƻŘŜƭƛƴƎ ǊŜǎǳƭǘǎ ŎƻƴŦƛǊƳ ǘƘŀǘ hǊŜƎƻƴΩǎ ŜȄƛǎǘƛƴƎ ǇƻƭƛŎƛŜǎ ŀǊŜ ƛƳǇƻǊǘŀƴǘ 
ǘƻ ƳŜŜǘ ǘƘŜ ǎǘŀǘŜΩǎ ŎƭŜŀƴ ŜƴŜǊƎȅ Ǝƻŀƭǎ

ÅhǊŜƎƻƴΩǎ ŎƭŜŀƴ ŜƴŜǊƎȅ Ǝƻŀƭǎ ǊŜǉǳƛǊŜ ƳƻǊŜ ŀŎǘƛƻƴ ǘƘŀƴ ŎǳǊǊŜƴǘ ǇƻƭƛŎƛŜǎ ǿƛƭƭ 
deliver

ÅThe modeling explores some least-cost options available to achieve the 
ǎǘŀǘŜΩǎ ŎƭŜŀƴ ŜƴŜǊƎȅ Ǝƻŀƭǎ, while maintaining reliability

ÅThe modeling results give us information to consider the effects of 
different choices 

Top-Level Findings
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Reference Scenario is the Least-Cost Pathway 

*Net present value costs calculated with a 3% societal discount rate

*

ÅAll alternative scenarios lead to increase 
in costs relative to the Reference

ÅExisting transportation electrification 
policies are essential to ensure cost-
effective transition

ÅElectrification and energy efficiency in 
buildings are key to cost containment

$17B

$14B

$9B
$7B
$7B

$4B

$0
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ÅhǊŜƎƻƴΩǎ ŜŎƻƴƻƳȅ-wide energy use per capita decreases by a third, electricity supply 
becomes almost 100% clean, fuels are mostly decarbonized, and 80% of end use 
energy uses electricity or electrofuels from hydrogen electrolysis by 2050

Pillars Of Deep Decarbonization: Reference



page 28Pqvgu<"3+"ҵqvjgt"hquuknҶ"kpenwfgu"hwgn"qkn."lpg, oil, coal, and petroleum coke. Steam is a heat input to many industrial processes. Like electricity, it can be 
generated from clean or dirty sources. 2) H2 = Hydrogen; NH3 = Ammonia

Demand for Energy Decreases While Demand for 
Electricity Increases 

22%
Total energy demand 
decreases by 22%

Electricity demand 
doubles
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Tech Loads Increase Demand; Transportation and 
Building Electrification and Efficiency Contain It

Data centers and chip 
fabrication facilities will 
likely add significant 
load to the system 

Electrification of cars 
and trucks delivers the 
biggestefficiency 
gains, driving down 
overall demand 

Building electrification 
and efficiency 
improvements reduce 
demand in homes 
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ÅTotal energy-related spending declines 
economywide, with reduced spending on 
imported fuels and greater investment in 
local and regional infrastructure, particularly 
for the electricity sector 

ÅTrades global volatility in oil and gas markets 
for uncertainties about critical minerals, 
supply chains

ÅKeeping more money in-state and in-region

ÅJobs study and follow-on workforce analysis 
will help identify how to meet workforce 
needs

Level of Investment Needed is Not Unprecedented
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ÅFuel demands decrease over time 
but their importance does not

ẂHardest to electrify applications

ẂResilience

ẂTime for electric technologies to 
replace fossil 

ÅClean fuels include biogas, bio 
liquids, e-fuels, hydrogen, ammonia, 
and geothermal steam

Clean Fuels are Needed to Meet Energy and 
Emissions Goals

70%



Reference Scenario



Reference Scenario
Demand-Side Results



page 34Pqvg<"ҵqvjgt"hquuknҶ"kpenwfgu"hwgn"qkn."lpg, oil, coal, and petroleum coke. Steam is a heat input to many industrial processes. Like 
electricity, it can be generated from clean or dirty sources.

Reference Scenario
Energy Demand by Fuel in Oregon

22%
Total energy demand 
decreases by 22%

Electricity demand 
doubles

Additional information about the composition of fuel blends, 
e.g. whether jet fuel is fossil or clean fuel is available on slide 77
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Reference Scenario
Energy Demand by Sector in Oregon

Data centers and chip 
fabrication facilities will 
likely add significant 
load to the system 

Electrification of cars 
and trucks delivers the 
biggestefficiency 
gains, driving down 
overall demand 

Building electrification 
and efficiency 
improvements reduce 
demand in homes 
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Reference Scenario
Residential Space Heating

ÅFuel switching to electric heat 
pumps drives down overall energy 
demand

ẂElectricity demand relatively unchanged 
as electric efficiency gains offset growth 
from electrification

Å65% air-source heat pump (ASHP) 
sales by 2030 and 90% ASHP sales 
by 2040

ÅWood burning stoves 
supplemented with hybrid systems
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Reference Scenario
Commercial Space Heating

ÅSmall commercial (50% of buildings) 
use the same assumptions as 
residential

ÅLarge commercial (50% of buildings):

ӳ15% ASHP, 10% electric + hybrid by 2030

ӳ50% ASHP, 40% electric + hybrid by 2040

ÅElectricity demand doubles with 
60% reduction in overall energy use 
by 2050
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Reference Scenario 
Light-Duty Vehicle Sales, Stock, Energy

Å100% zero emissions vehicle 
sales achieved in 2035

ÅDrop in energy demand from 
both better drive chain efficiency 
and 20% reduction in vehicle 
miles traveled by 2050
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ÅSchool buses: 100% zero emission vehicle 
sales (ZEV) by 2036

ÅTransit buses: 

Ẃ100% ZEV sales by 2036 target

Ẃ 100% battery electric by 2036

Ẃ 75% sales assumedbattery electric (BEV)/25% salesassumed fuel 
cell electric (FCEV) by 2040

ÅLong-Haul: 65% BEV, 35% FCEV by 2040

ÅShort-Haul: 100% BEV by 2040

Å45% decrease in energy use for MDV/HDV 
by 2050

Reference Scenario
Medium- and Heavy-Duty Vehicles Sales, Stock, Energy



Reference Scenario
Supply-Side Results
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Å¢Ƙƛǎ ǎŜŎǘƛƻƴ ŀƴǎǿŜǊǎ ǘƘŜ ǉǳŜǎǘƛƻƴ άHow do we serve the energy demands of the economy reliably 
ŀƴŘ ŀǘ ƭŜŀǎǘ ŎƻǎǘΚέ

ẂSubject to the constraints defined for the Reference Scenario, such as electricity policy, emissions policy, 
resource availability, etc.

ÅSupply-side analysis is concerned with investments in physical infrastructure and system operating 
costs

ẂEvaluating electricity generation and transmission needs and opportunities

ẂEvaluating fuel supply needs and opportunities

ÅAnalysis does not answer questions about how costs are assigned and paid for

Ẃe.g., What rate do customers pay for electricity for their electric vehicles?

ẂAnalysis aims to minimize the size of the total cost pie. How that pie is apportioned, shared, and paid for can be 
informed by further work

Reference Scenario
Supply-side Overview
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Reference Scenario
Electricity Balance

Load growth, primarily from 
tech loads and electrification, is 
met with in-state generation 
and specified clean imports

In-state gas generation and 
unspecified imports decrease as 
HB 2021 and EO 20-04 drive a 
cleaner electricity sector

Near-term demand for clean 
electricity requires near-term 
action. 

When the model selects a 
resource, it comes online 
with development planning 
assumed to have already 

been completed.

Geothermal power becomes 
an important share of clean 
generation past 2040

Flexible industrial loads, 
primarily from electrolysis, 
help balance the grid and 
provide clean fuel

*coal imported but represented as 
a contracted resource in modeling
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Reference Scenario
Generation Capacity

Rooftop solar 
growth in Oregon 
West alongside early 
grid scale solar 
additions

1.2 GW of enhanced 
geothermal growing to 
1.6 GW by 2050

3 GW of rooftop solar by 
2050 based on NWPCC 
forecast

Early growth of 
onshore wind in 
Oregon East

Clean gas additions for 
reliability. Low volumes 
of gas consumption but 
large contribution to 
reserves
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ÅFrom 2024 to 
2050, total 
generation 
capacity grows 
dramatically in the 
West and 
renewables 
dominate

Reference Scenario
Generation Capacity Map

BPA hydropower is attributed to zones based on EIA representation



page 45

Modeling is Structured to Reflect Land Use and 
Natural Resource Constraints 

ÅLand use considerations are an input to the model through screening at a disaggregated level of where 
infrastructure projects could be located

ÅEvery scenario complies with most restrictive land use constraints in ¢ƘŜ bŀǘǳǊŜ /ƻƴǎŜǊǾŀƴŎȅΩǎ Power 
of Place-West study: legally protected, administratively protected, and high conservation value lands 
(Levels 1 ς 3) (See methodology on pages 204-209.)

https://www.evolved.energy/post/tnc-pop-west-study
https://www.evolved.energy/post/tnc-pop-west-study
https://www.evolved.energy/post/tnc-pop-west-study
https://www.evolved.energy/post/tnc-pop-west-study
https://www.evolved.energy/post/tnc-pop-west-study
https://www.evolved.energy/post/tnc-pop-west-study
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ÅReference finds 620 square miles of 
development in Oregon East and 200 square 
miles in Oregon West by 2050

ÅScenarios affect scale of land use and natural 
resource footprint

ѐ31% reduction when limit development

ѐ15% increase when take out clean gas as a 
reliability resource

ÅOther generating resources will have a 
footprint but wind and solar are the largest 
contributors 

ѐNew transmission and distribution will also 
have a footprint but are not quantified in this 
analysis  

Wind and Solar Account for Largest Incremental 
Land Use Footprint of New Generating Resources

We use NREL estimates of wind and solar land use. Wind: 78 square miles/GW. Solar: 7 square miles/GW. Land use is determined for the entire renewable project. This is 
subjective, particularly for wind, because unlike direct land use for pads, interconnection lines, etc., the entire project includes mostly indirect land use between turbines.

https://www.nrel.gov/docs/fy09osti/45834.pdf
https://www.nrel.gov/docs/fy13osti/56290.pdf
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Oregon Needs More Transmission Capacity

ÅTransmission expansion focuses between zones:

ẂAcross the Cascades, and from Oregon to 
Idaho, Washington, and California

ÅThe transmission model is linear, so investments 
can be made in fractions of new transmission 
lines

ÅPipeflow representation of physical transmission 
capacity across modeled area as single balancing 
area with a single, centralized system operator

ÅThese results are indicative of transmission need 
but do not replace detailed transmission planning

ÅGrowth of transmission into Oregon West and 
Boardman to Hemingway transmission project 
into Oregon East

Å If less clean gas capacity built in Oregon West or 
demand response is limited, more transmission is 
needed
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ÅNeed for in-state transmission and distribution expansion and upgrades to 
deliver electricity from in-state generation

ÅNo physical representation of within zone transmission or distribution

ѐHigh-level approach to estimating electric and gas T&D costs 

ѐCorrelates in-state electric transmission and distribution capacity expansion costs with the total increase in net 
distribution system peak

ÅCaptured with historical transmission and distribution costs

ѐUses historical $/MWh from EIA

ÅInvestments in T&D infrastructure are largely driven by load growth 

ѐDistribution upgrade costs can be avoided or deferred with load shifting in the model 

Within Zone Transmission
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Reference Scenario
Transmission Between Zones

ÅTransmission expansion between Oregon zones and 
other zones is not permitted in the modeling until 
2035 to represent the long lead time of 
transmission projects

Ẃ The exception is Boardman to Hemingway, which comes online 
as planned in 2030

ÅTransmission expansion facilitates imports of 
renewables from other regions as well as Oregon 
East-West electricity flows

ÅThe transmission model is linear, so investments 
can be made in fractions of new transmission lines

ÅThese results are indicative of transmission need 
but do not replace detailed transmission planning

ÅThese additions are on top of existing transmission 
into the states surrounding Oregon. The full 
transmission capability to surrounding states is 
given on slide 127
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Reference Scenario
hǊƛƎƛƴ ƻŦ CǳŜƭǎ ǳǎŜŘ ƛƴ hǊŜƎƻƴΩǎ 9ƴŘ ¦ǎŜǎ

ÅDemand for fuels declines over 
time largely driven by energy 
efficiency and electrification of 
end uses

ÅFuel demand remains similar in 
industrial sector but switches 
to dependence on low-carbon 
fuels 

ÅBy 2050 the supply of liquid 
and gaseous fuels is almost 
fully decarbonized
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Liquid E-Fuels are Imported from Other States 
whereas Hydrogen Gas is Produced Locally

ÅHydrogen products consumed in 
Oregon shown on the previous slide 
are sourced from inside and outside 
of Oregon

ÅLiquid e-fuels are relatively 
inexpensive to import because they 
share the same chemical structure 
ŀǎ Ŧƻǎǎƛƭ ŦǳŜƭǎ ŀƴŘ Ŏŀƴ ōŜ άŘǊƻǇǇŜŘ 
ƛƴέ ŀƴŘ ŘƛǎǘǊƛōǳǘŜŘ ǘƘǊƻǳƎƘ ŜȄƛǎǘƛƴƎ 
infrastructure

ÅLiquified hydrogen and hydrogen 
gas are produced within Oregon and 
ammonia production is split 
between in-state and out-of-state 
production
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ÅBiofuels in 2024 consist of wood 
burned in residences and biofuels 
in transportation, including HEFA, 
FAME, and ethanol

ÅVolumes in transportation 
decrease as the fleet is electrified 
and emissions from fossil fuels 
decrease, but increase in 2050 to 
decarbonize remaining fuel use

ÅBiogas begins replacing natural gas 
consumption in 2045

Reference Scenario
Biofuels
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Reference Scenario
Gas Pipeline 

ÅGas volumes decline over time 
with reductions in MWh of 
generation from gas turbines and 
electrification of end uses

ÅSmall amounts of electrolytic 
hydrogen used in power 
generation in new clean gas 
turbines

ÅRemaining volumes of direct use 
gas fully decarbonized with 
biogas
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Reference Scenario
Emissions

Early removal of coal from 
the electricity portfolio 

Nitrous oxide (N2O) and 
methane (CH4) from 
agriculture difficult to 
decarbonize and remain in 
the economy

Declines in emissions from oil and 
natural gas driven by efficiency, 
electrification, and substitution 
with clean fuels



Sector Insights
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ÅThe following sections describe what we learned from the 
Reference Scenario and the alternative scenarios to inform 
decision-making in Oregon for electricity, fuels, transportation, 
and buildings

ÅThe alternative scenarios were designed to answer key questions 
identified through consultation with Phase 1 Working Groups, the 
Advisory Group, public forums, through public feedback, and in 
discussions with ODOE and other Oregon agencies 

Sector Insights
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Top Sector Takeaways

ÅElectrification and energy efficiency are key to reducing the size of 
ǘƘŜ ƻǾŜǊŀƭƭ ŜƴŜǊƎȅ άǇƛŜέ ŀƴŘ ǘƻ Ŏƻǎǘ ŎƻƴǘŀƛƴƳŜƴǘ

ÅFuels play a strategic role in the transition, with a shift toward clean 
fuel alternatives toward 2050

ÅAll scenarios indicate a need to build infrastructure in Oregon

ÅTech loads are the biggest driver of electricity demand growth but 
are also uncertain in when and where they could emerge



Electricity Sector Insights
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ÅEven with aggressive levels of energy 
efficiency, the electricity sector must 
expand significantly to remain reliable

ÅMarket forces and HB 2021 drive near-
term decarbonization while EO 20-04 
requires action beyond HB 2021

ÅThe model selects transmission expansion 
as part of a least-cost portfolio

ÅThere are competing priorities with in-
state and out-of-state resource 
development, and a diverse mix of 
resources is likely the least risky approach

Electricity Sector Key Insights
Oregon Needs More Electricity Infrastructure 

Credit: Paulo Esteves https://stock.adobe.com/images/maintenance -in-a-high-voltage-
electrical -substation/564704152

https://stock.adobe.com/images/maintenance-in-a-high-voltage-electrical-substation/564704152
https://stock.adobe.com/images/maintenance-in-a-high-voltage-electrical-substation/564704152
https://stock.adobe.com/images/maintenance-in-a-high-voltage-electrical-substation/564704152
https://stock.adobe.com/images/maintenance-in-a-high-voltage-electrical-substation/564704152
https://stock.adobe.com/images/maintenance-in-a-high-voltage-electrical-substation/564704152
https://stock.adobe.com/images/maintenance-in-a-high-voltage-electrical-substation/564704152
https://stock.adobe.com/images/maintenance-in-a-high-voltage-electrical-substation/564704152
https://stock.adobe.com/images/maintenance-in-a-high-voltage-electrical-substation/564704152
https://stock.adobe.com/images/maintenance-in-a-high-voltage-electrical-substation/564704152
https://stock.adobe.com/images/maintenance-in-a-high-voltage-electrical-substation/564704152
https://stock.adobe.com/images/maintenance-in-a-high-voltage-electrical-substation/564704152
https://stock.adobe.com/images/maintenance-in-a-high-voltage-electrical-substation/564704152
https://stock.adobe.com/images/maintenance-in-a-high-voltage-electrical-substation/564704152
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Increasingly Clean Electricity Meets HB 2021 
Targets and Helps Achieve EO20-04

14.3 MMT

8.3 MMT

3.9 MMT
3.8 MMT

2.6 MMT
2 MMT

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

2020 2025 2030 2035 2040 2045 2050 2055

% of 2010-2012 BaselineÅHB 2021 targets 80% emissions 
reductions by 2030, 90% by 2035, 
and 100% by 2040 below a 2010-
2012 baseline for PacifiCorp, 
Portland General Electric and ESSs 
(62.1% of load*)

ÅNew tech loads otherwise allowed 
to consume emitting electricity

ÅEO 20-04 requires reductions 
beyond HB 2021 alone

*2023-Oregon-Utility-Statistics-Book.pdf

https://www.oregon.gov/puc/forms/Forms%20and%20Reports/2023-Oregon-Utility-Statistics-Book.pdf
https://www.oregon.gov/puc/forms/Forms%20and%20Reports/2023-Oregon-Utility-Statistics-Book.pdf
https://www.oregon.gov/puc/forms/Forms%20and%20Reports/2023-Oregon-Utility-Statistics-Book.pdf
https://www.oregon.gov/puc/forms/Forms%20and%20Reports/2023-Oregon-Utility-Statistics-Book.pdf
https://www.oregon.gov/puc/forms/Forms%20and%20Reports/2023-Oregon-Utility-Statistics-Book.pdf
https://www.oregon.gov/puc/forms/Forms%20and%20Reports/2023-Oregon-Utility-Statistics-Book.pdf
https://www.oregon.gov/puc/forms/Forms%20and%20Reports/2023-Oregon-Utility-Statistics-Book.pdf
https://www.oregon.gov/puc/forms/Forms%20and%20Reports/2023-Oregon-Utility-Statistics-Book.pdf
https://www.oregon.gov/puc/forms/Forms%20and%20Reports/2023-Oregon-Utility-Statistics-Book.pdf
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Oregon Needs More In-State Generation Capacity

Hydropower remains a foundational resource

CT: Combustion turbine
CCGT: Combined-cycle gas turbine

Solar grows, both grid-scale and rooftop

Onshore wind continues to be an important 
ǇŀǊǘ ƻŦ hǊŜƎƻƴΩǎ ǊŜǎƻǳǊŎŜ ƳƛȄ

In 2040, enhanced geothermal comes onto the 
system

Model achieves HB 2021 emissions reductions 
but some existing gas remains in the statewide 
mix

New, clean gas is built (but runs only rarely for 
reliability purposes)

This diverse mix of resources 
provides flexibility and reliability to 
a nearly non-emitting power system

Some additions of in-state generation will 
require expansion of in-state transmission
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IȅŘǊƻΣ ²ƛƴŘΣ ŀƴŘ {ƻƭŀǊ ŀǊŜ hǊŜƎƻƴΩǎ ¢ƻǇ {ǳǇǇƭƛŜǊǎ 
of Clean Electricity Over Time

*coal imported but represented as 
a contracted resource in modeling

2030 

Still have some gas; 
model built to hit 
HB2021 targets

2040 

Enhanced geothermal 
emerges as key 
resource

2050 

Electricity generation 
is almost 100% non-
emitting 

*
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ÅOregon is part of a regional 
electricity system

ÅEven if more in-state 
resources are built as the 
model shows, also need 
increasing levels of clean 
imported electricity

ÅOregon exports power at 
times of surplus

Oregon Also Relies on Imported Electricity 

*coal imported but represented as 
a contracted resource in modeling
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Oregon Needs More Transmission Capacity

ÅTransmission expansion focuses between zones:

ẂAcross the Cascades, and from Oregon to Idaho, 
Washington, and California

ÅThe transmission model is linear, so investments 
can be made in fractions of new transmission lines

ÅPipeflow representation of physical transmission 
capacity across modeled area as single balancing 
area with a single, centralized system operator

ÅThese results are indicative of transmission need 
but do not replace detailed transmission planning

ÅGrowth of transmission into Oregon West and 
Boardman to Hemingway transmission project into 
Oregon East

Å If less clean gas capacity built in Oregon West or 
demand response is limited, more transmission is 
needed
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ÅIf cannot build more in-
state generation, need to 
import more (using more 
transmission capacity)

ÅIf cannot import more  
(due to lack of 
transmission capacity),  
have to build more in-state

ÅBoth alternatives cost 
more than the Reference 
Scenario

The Balance of In-State vs. Imported Generation Can 
Change

Less in-state 
generation

More imported 
electricity

More in-state 
rooftop 
generation

Less imported 
electricity and 
grid-scale solar

Difference in Electricity Supply to Reference (GWh)
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ÅReference finds 620 square miles of 
development in Oregon East and 200 square 
miles in Oregon West by 2050

ÅScenarios affect scale of land use and natural 
resource footprint

ѐ31% reduction when limit development

ѐ15% increase when take out clean gas as a reliability 
resource

ÅOther generating resources will have a 
footprint but wind and solar are the largest 
contributors 

ѐNew transmission and distribution will also have a 
footprint but are not quantified in this analysis  

Wind and Solar Account for Largest Incremental 
Land Use Footprint of New Generating Resources

We use NREL estimates of wind and solar land use. Wind: 78 square miles/GW. Solar: 7 square miles/GW. Land use is determined for the entire renewable project. This is 
subjective, particularly for wind, because unlike direct land use for pads, interconnection lines, etc., the entire project includes mostly indirect land use between turbines.

https://www.nrel.gov/docs/fy09osti/45834.pdf
https://www.nrel.gov/docs/fy13osti/56290.pdf
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ÅScenarios affect scale of land 
use and natural resource 
footprint

Å31% reduction when limit 
development

Å15% increase when take out 
clean gas as a reliability 
resource

Scenario Impact on Land Use

We use NREL estimates of wind and solar land use. Wind: 78 square miles/GW. Solar: 7 square miles/GW. Land use is determined for the entire renewable project. This is 
subjective, particularly for wind, because unlike direct land use for pads, interconnection lines, etc., the entire project includes mostly indirect land use between turbines.

https://www.nrel.gov/docs/fy09osti/45834.pdf
https://www.nrel.gov/docs/fy13osti/56290.pdf
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ÅWater usage in electricity 
generation decreases by 81% from 
2023 to 2050 as thermal electricity 
generation is replaced

ÅShowing 2023, the most recent available 
year of historical generation data from 
EIA, and modeled 2050 numbers

ÅNot showing hydro

Water Consumption from Oregon Electricity 
Generation

Resource gallons/MWh Source
Gas 2803Energy Information Administration1

Coal 19185Energy Information Administration1

Solar 20Solar Energy Industries Association2

Wind 0Union of Concerned Scientists3

Geothermal 800
Argonne National Lab4 (assumes binary 
high temperature EGS)

1 https://www.eia.gov/todayinenergy/detail.php?id=56820#:~:text=In%202021%2C%20natural%20gas%20combined,very%20low%20water%2Dwithdrawal%20intensity.
2 https://seia.org/water-use-management/
3 https://www.ucs.org/resources/environmental-impacts-wind-power#:~:text=Water%20use-,Water%20use,and%20cement%20for%20wind%20turbines.
4 https://gdr.openei.org/files/464/ANL:EVS-14:14%20(1).pdf
 

*coal imported but 
represented as a 
contracted resource 
in modeling

https://www.eia.gov/todayinenergy/detail.php?id=56820#:~:text=In%202021%2C%20natural%20gas%20combined,very%20low%20water%2Dwithdrawal%20intensity
https://www.eia.gov/todayinenergy/detail.php?id=56820#:~:text=In%202021%2C%20natural%20gas%20combined,very%20low%20water%2Dwithdrawal%20intensity
https://www.eia.gov/todayinenergy/detail.php?id=56820#:~:text=In%202021%2C%20natural%20gas%20combined,very%20low%20water%2Dwithdrawal%20intensity
https://seia.org/water-use-management/
https://seia.org/water-use-management/
https://seia.org/water-use-management/
https://seia.org/water-use-management/
https://seia.org/water-use-management/
https://www.ucs.org/resources/environmental-impacts-wind-power#:~:text=Water%20use-,Water%20use,and%20cement%20for%20wind%20turbines
https://www.ucs.org/resources/environmental-impacts-wind-power#:~:text=Water%20use-,Water%20use,and%20cement%20for%20wind%20turbines
https://www.ucs.org/resources/environmental-impacts-wind-power#:~:text=Water%20use-,Water%20use,and%20cement%20for%20wind%20turbines
https://www.ucs.org/resources/environmental-impacts-wind-power#:~:text=Water%20use-,Water%20use,and%20cement%20for%20wind%20turbines
https://www.ucs.org/resources/environmental-impacts-wind-power#:~:text=Water%20use-,Water%20use,and%20cement%20for%20wind%20turbines
https://www.ucs.org/resources/environmental-impacts-wind-power#:~:text=Water%20use-,Water%20use,and%20cement%20for%20wind%20turbines
https://www.ucs.org/resources/environmental-impacts-wind-power#:~:text=Water%20use-,Water%20use,and%20cement%20for%20wind%20turbines
https://www.ucs.org/resources/environmental-impacts-wind-power#:~:text=Water%20use-,Water%20use,and%20cement%20for%20wind%20turbines
https://www.ucs.org/resources/environmental-impacts-wind-power#:~:text=Water%20use-,Water%20use,and%20cement%20for%20wind%20turbines
https://www.ucs.org/resources/environmental-impacts-wind-power#:~:text=Water%20use-,Water%20use,and%20cement%20for%20wind%20turbines
https://gdr.openei.org/files/464/ANL:EVS-14:14%20(1).pdf
https://gdr.openei.org/files/464/ANL:EVS-14:14%20(1).pdf
https://gdr.openei.org/files/464/ANL:EVS-14:14%20(1).pdf
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ÅElectric load growth through 2030 is 
largely driven by NWPCC forecasted 
tech load needs

ÅTech load growth is uncertain. If 
50% lower than Reference Scenario:

ÅElectric loads are 11% lower by 2030 and 
14% by 2050 compared to the Reference

ÅElectricity demand from other sectors 
still increases overall load by over 25% by 
2030

Electricity Demand by Sector: Reference vs. 50% 
Data Centers 
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ÅOregon relies on greater electricity 
imports in the near-term, as well as 
increased in-state capacity to meet 
load growth in the Reference

ÅCutting data center load forecasts 
by 50% reduces ς but does not 
eliminate ς the need for imports 
and capacity additions in Oregon

Reduced Resource Need if Uncertain Data Center 
Growth is Lower



Fuels Sector Insights
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ÅFuel use decreases with the electrification of many 
applications

ÅLow-carbon fuel demand gradually replaces fossil fuel 
demand

ÅNew dispatchable capacity from fuel-based generation 
maintains a reliable electricity system

ÅLow-carbon fuels most cost-effective when used 
strategically for the hardest-to-electrify industrial and 
transportation applications and to maintain a reliable 
electric grid during net peak periods

Fuels Sector Key Model Insights 
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ÅFuel demands decrease over time, 
but their importance does not

ẂHardest to decarbonize sectors

ẂResilience

ẂTime for electric technologies to 
replace fossil 

ÅClean fuels include biogas, bio 
liquids, e-fuels, hydrogen, ammonia, 
and geothermal steam

Clean Fuels are Needed to Meet Energy and 
Emissions Goals

70%
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Fuels in Transportation Decrease due to More 
Efficient Electric Drivetrains and Convert to Clean

ÅElectrification of light-duty 
and medium-duty vehicles

ÅDependent on clean fuels:

Aviation 

Medium- and Heavy-Duty 
Vehicles

Freight rail

Maritime



page 75

Direct Use Fuels Support Industrial Production and 
Mostly Phase Out in Buildings
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ÅMost fuel blends (diesel, gasoline, 
jet fuel, pipeline gas, and other 
liquids) decrease in volume with 
electrification

ÅJet fuel is the exception with no 
currently economically viable alternative 

ÅRemaining fuel consumption is 
decarbonized in later years with 
clean alternatives, including 
biofuels and hydrogen derived fuels

Fuel Blends Drop in Volume and become Cleaner
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The Electricity System Relies on Installed Gas 
Capacity to Provide Flexibility and Reliability

ÅFlexible capacity is needed to 
makes sure the system stays 
reliable

ÅNew clean gas resources can only 
burn hydrogen or new sources of 
biogas

ÅExisting gas and new clean gas 
capacity run at lower capacity 
factors over time

ÅNew clean gas resources almost 
never operate

Expensive fuel but cheap capacity

Existing Gas

New Clean Gas
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²Ƙŀǘ ƛŦ ²Ŝ /ƻǳƭŘƴΩǘ wŜƭȅ ƻƴ /ƭŜŀƴ Dŀǎ tƭŀƴǘǎ ŦƻǊ 
Reliability?

ÅThe Alternative Flexible Resources 
scenario does not permit the build of 
new clean gas

ÅDoubling of electric end use loads and 
increasingly renewable electricity supply

What flexible resources are required to 
ensure reliability?

ÅDifferent options but the model takes a 
hydrogen and transmission path
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²Ƙŀǘ ƛŦ ²Ŝ /ƻǳƭŘƴΩǘ wŜƭȅ ƻƴ /ƭŜŀƴ Dŀǎ tƭŀƴǘǎ ŦƻǊ 
Reliability? (1)

ÅClean fuels production from hydrogen 
occurs outside of Oregon in the Reference 
Scenario

ÅLarge new flex load: electrolysis becomes 
valuable to Oregon West in Alt Flex Res

ÅMovement of electrolysis from out of 
state into Oregon West: Turn on loads 
when high renewable energy generation 
and turn off when low

Ammonia produced from hydrogen exported to 
Western ports
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²Ƙŀǘ ƛŦ ²Ŝ /ƻǳƭŘƴΩǘ wŜƭȅ ƻƴ /ƭŜŀƴ Dŀǎ tƭŀƴǘǎ ŦƻǊ 
Reliability? (2)

ÅIncreased loads from electrolysis 
supported by increased renewables 
and transmission
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ÅAdditional electrolyzer loads 
drive up total loads versus 
the Reference Scenario

ÅThe result is an overall larger 
electricity sector in the 
Western Zone of Oregon 
where flexibility needs are 
met with flexible electrolyzer 
operations and additional 
transmission development

²Ƙŀǘ ƛŦ ²Ŝ /ƻǳƭŘƴΩǘ wŜƭȅ ƻƴ /ƭŜŀƴ Dŀǎ tƭŀƴǘǎ ŦƻǊ 
Reliability? (3)
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Gas Generators Use Very Little Fuel in the Future

ÅHigh value flexibility role on the 
system

ÅProviding capacity during periods 
of low renewable output/high 
loads/low hydro conditions 
requires low volumes of fuel

ÅNew clean gas resources use the 
most expensive fuel so use the 
lowest fuel volumes
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Volumes of Gas Delivered to Electricity Generators 
and End Users Declines Over Time

ÅGas volumes decline over time 
with reductions in MWh of 
generation from gas turbines and 
electrification of end uses

ÅSmall amounts of electrolytic 
hydrogen used in power 
generation in new clean gas 
turbines

ÅRemaining volumes of direct use 
gas fully decarbonized with 
biogas
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ÅBiofuels in 2024 consist of wood 
burned in residences and biofuels 
in transportation, including HEFA, 
FAME, and ethanol

ÅVolumes in transportation 
decrease as the fleet is electrified 
and emissions from fossil fuels 
decrease, but increase in 2050 to 
decarbonize remaining fuel use

ÅOther sectors consume biogas in 
2045 and 2050 to remove 
emissions from remaining gas use

Biofuels are Important to Decarbonize the Low 
Volumes of Remaining Fuel Use in 2050
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Fuels: Imported vs. Produced in OR in Reference 
and Alternative Scenarios 

ÅFossil fuels are sourced entirely from 
out of state, relying on larger oil and 
gas markets, and out-of-state refining

ÅFuel imports decline as fuel use 
declines

ÅThe majority of clean fuels are 
sourced out of state

ÅIn-state clean fuel growth from direct 
use of electrolysis H2 and hydrogen 
liquefaction
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Liquid E-Fuels are Imported from Other States 
whereas Hydrogen Gas is Produced Locally

ÅHydrogen products consumed in 
Oregon shown on the previous 
slide are sources from inside and 
outside of Oregon

ÅLiquid fuels are cheap to import, 
and e-fuel liquids are imported 
from other states

ÅLiquified hydrogen and hydrogen 
gas are produced within Oregon 
and ammonia production is split 
between in-state and out-of-
state production
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Origin of Hydrogen and Hydrogen Products 
Consumed in Oregon

ÅHydrogen consumption in 
Oregon is little changed in 
Scenario 6, even though large 
numbers of electrolyzers are built

ÅProducts from additional 
electrolyzer capacity are largely 
exported in the form of ammonia 
to other states
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Hydrogen Products produced in Oregon including 
for Export Market

ÅElectrolyzers built in Scenario 
6 in Oregon West provide 
flexibility to the system

ÅThey displace electrolyzer 
capacity built elsewhere in 
the West in the Reference 
Scenario that produce 
ammonia for international 
shipping in West Coast ports

ÅAdditional hydrogen 
produced in Oregon exported 
in the form of ammonia



Transportation Sector Insights
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ÅTransportation electrification plays significant role in 
reducingsystem-wide energy demand across all 
scenarios, despitetech sector growth

ÅEarly adoption of electric vehicles, including MHDVs, 
reduces the costs of decarbonization

ÅEVs are a significant driver of increased electric loads 
but canprovide a net benefit to the grid if managed 
flexibly

ÅReducing VMT per capita provides significant value but 
will require investment

ÅLow carbon fuels play a strategic role in 
decarbonizingtransportation and this role increases as 
pace of TE slows

Transportation Sector Key Insights
Transportation Electrification is Critical
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ÅDelaying when Oregon reaches 100% 
medium- and heavy-duty ZEV sales 
by 10 years(to 2050) increases costs

ÅPuts more pressure on clean fuels to 
meet targets

ÅEfficiency losses mean total demand 
0.7% higher in 2040 and 0.9% higher 
in 2050

ÅTo meet emissions target, almost all 
vehicle fuel must be clean by 2050

Delaying Electrification of Trucks beyond 2040 is 
More Costly

$14B
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Delaying Electrification of Trucks beyond 2040 is 
More Costly

ÅWithout the MHD ZEV targets 
required by the Advanced Clean 
Trucks rule, costs increase 
significantly

ẂMore than double Delayed TE 

ÅEarly adoption of EVs, including 
MHD EVs, is critical for cost 
containment

ÅNo ACT is $17B NPV higher over 
25 years than Delayed TE

$14B

$31B
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ÅElectric cars deliver huge efficiency gains

ÅTogether with electrification of trucks, responsible for reducing the size of the whole 
energy sector by 27% over 2024 loads

Electric Cars Are a Key Part of the Picture
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Reducing Vehicle Miles Traveled Saves Money 

ÅVMT reductions save $22B over 25 
years

ÅThe Reference Scenario incorporates 
hǊŜƎƻƴΩǎ Ǝƻŀƭ ƻŦ ŀ нл҈ ǊŜŘǳŎǘƛƻƴ ƛƴ 
VMT per capita by 2050

ÅRemoving improvements in VMT 
drives up costs by increasing the 
overall energy demand in the 
economy

ÅWill require additional investment - 
scenario does not account for 
anycosts associated withachieving 
VMT reductions

$22B
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Impact on Economy-wide Energy Demand

22% 20% 21%

ÅOverall energy demands are impacted 
by the level of MHDV electrification

ÅMore significant is the impact on fuel 
use

Ẃ No ACT: Diesel consumption is 25% higher in 
2035 and 270% higher in 2050 than in the 
Reference Scenario

Ẃ Delayed TE: Diesel consumption is 110% 
higher in 2050 than in the Reference Scenario

ÅAdditional fuel use increases the 
volume of clean fuel needed in the 
long term
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Reference Scenario 
Light Duty Vehicle Sales, Stock, Energy

Å100% zero emissions vehicle 
sales achieved in 2035

ÅDrop in energy demand from 
both better drive train efficiency 
and 20% reduction in vehicle 
miles traveled by 2050



page 97

Impact of Delays on Sales, Stocks, and Energy

ÅMedium and heavy-duty vehicle 
sales are delayed in 0c. No ACT 
and 2. Delayed TE

ẂNo ACT has relatively few sales of zero 
emission vehicles through 2035, 
achieving 100% sales by 2050

ẂDelayed TE has the same trajectory as 
Reference through 2035, delaying 
reaching 100% sales from 2040 to 2050

ÅThe impact of the delays is to 
increase stocks of internal 
combustion engine vehicles, 
driving up energy demand
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Costs: TE Scenarios Difference to Reference 

ÅDelaying when Oregon reaches 100% 
medium- and heavy-duty ZEV sales 
by 10 yearsincreases costs

ÅPuts more pressure on clean fuels to meet 
targets

ÅhǊŜƎƻƴΩǎ Ǝƻŀƭ ƻŦ нл҈ ±a¢ ǊŜŘǳŎǘƛƻƴǎ 
saves $22B NPV over 25 years

ÅNo ACT is $16B NPV higher over 25 
years than Delayed TE

ÅShows stock rollover of MHDVs in the 
2030s is important for cost containment

$31B

$22B

$14B
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Reference Year Total Final Energy Demand (TBTU)Total LDV MHDV Other
0.Reference 2024 682.4 0.0% 0.0% 0.0% 0.0%
0.Reference 2035 618.8 15.9% 12.0% 3.6% 0.3%
0.Reference 2050 535.0 27.1% 19.6% 6.9% 0.5%

Energy Reductions from Vehicle Electrification, Efficiency, 
ċŰĬШé~ÑШÅĲĬƨĦƣŔŸŰƚШEƕƨċũШƣŸШΞΤӖШŸŉШÑŸĬċǃќƚШEŰĲƖŊǃШ?ĲůċŰĬ
ÅVehicle electrification, efficiency, and VMT reductions play an important role in reducing the overall size 

of the future energy system

ÅBy 2050, the reduction in energy demand from vehicles is 27% of 2024 energy demands in the 
Reference Scenario

Ẃ20% of the reduction is attributable to the light duty vehicle fleet

Ẃ7% of the reduction is attributable to medium- and heavy-duty vehicles

ÅOverall energy reductions by 2050 vs 2024 are 22%, due to significant energy savings in transportation, 
residential and commercial sectors on the one hand, and growth in data centers on the other

Percentage reduction of 2024 Final Energy Demand
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ÅThe transportation scenarios 
investigate differences in 
medium and heavy-duty 
vehicles

ẂThe transition to clean energy 
across other subsectors is similar 
across scenarios

ÅDelays in medium and heavy-
duty vehicles drives greater 
need for clean fuels by 2050

Transportation Subsector Fuel Consumption by 
Transportation Scenario



page 101

Zero Emission Vehicle Price Sensitivities (1)

ÅIncreasing uncertainty over time

ÅResults are particularly sensitive to some 
inputs, e.g.,

ẂFossil fuel costs

ẂVehicle prices

ÅExample: +/-10% on clean vehicle and vehicle 
infrastructure costs (EVs and hydrogen)

ÅDecarbonization acts as hedge against fuel 
prices from volatility in international markets 
but sensitive to zero emission vehicle prices
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ÅCost sensitivities of +/-10% on ZEV 
capital and fixed costs (including vehicle 
prices, fixed O&M, and installation 
costs) relative to Reference remain 
higher than Reference

ÅThe strategy of vehicle electrification 
remains cost effective under vehicle 
cost changes

Zero Emission Vehicle Price Sensitivities (2)
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ÅCost sensitivities of +/-10% on ZEV 
capital and fixed costs (including 
vehicle prices, fixed O&M, and 
installation costs) relative to 
Reference remain higher than 
Reference

ÅThe strategy of vehicle electrification 
remains cost effective under vehicle 
cost changes

Electrification Remains Cost Effective with 
Changes in Vehicle Pricing
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ÅThe largest contribution to non-industrial 
flexible load comes from managed charging in 
the transportation sector

ÅThe Reference Scenario assumes active 
participation of customers in demand 
response programs

ÅThe capacity of flexible load contributions by 
2050 will vary based on customer 
participation

ÅLimited participation costs $4B on a 
cumulative NPV basis over 25 years

Flexible Loads Dependent on Customer 
Participation in the Future

transport

residential

commercial



Buildings Sector Insights
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ÅEnergy efficiency and demand response reduce 
the size of future energy systems

ÅDelaying energy efficiency and building 
electrification will result in higher costs for 
Oregonians

ÅDemand response programs reduce future 
capacity and transmission needs

ÅIncreasing rooftop solar installations reduces 
some land use impacts associated with utility 
scale solar

Buildings Sector Key Model Insights 
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ÅDelaying energy efficiency and building 
electrification drives up costs by $17B 
cumulative NPV over the next 25 years, 
showing the importance of these 
measures in buildings

ÅThe higher DER scenario increases costs by 
$8B cumulative NPV, but reduces the need 
for grid scale renewables and T&D 
infrastructure investment, potentially 
easing siting and permitting pressures 

ÅThe Limited Demand Response scenario 
drives up costs by $4B cumulative NPV 
showing the value of customer 
participation with new electrified end uses

Energy Efficiency, Building Electrification, PV, and 
DERs Are Important to a Least-Cost Pathway

$17B

$7B

$4B
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ÅElectrification of space and hot water heating are the biggest drivers of energy savings

ÅhǘƘŜǊ ŜŦŦƛŎƛŜƴŎȅ ƛƳǇǊƻǾŜƳŜƴǘǎ ŦǊƻƳ ǿŜŀǘƘŜǊƛȊŀǘƛƻƴ ŀƴŘ ƻǘƘŜǊ ŜǉǳƛǇƳŜƴǘ όƭƛƎƘǘƛƴƎΣ ŦǊƛŘƎŜǎΧύ

ÅCommercial and industrial efficiency improvements further drive down demand

Residential Electrification and Energy Efficiency 
Mean a Lighter Lift to Meet Energy Demand



page 109

As the Electricity Sector Grows, So Do 
Opportunities for Consumers

ÅDemand response programs reduce future 
capacity and transmission needs

Customers with smart thermostats, smart water 
heaters, battery storage systems and electric vehicles 
enroll in utility programs to shift loads to off-peak 
periods

Reducing peak demands on the grid displaces the most 
expensive future energy resources

Limiting demand response in the model results in 
more west side storage

ÅRooftop solar reduces land use impacts in 
eastern Oregon

transport

residential

commercial
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ÅIncreased gas use

ÅReduced electricity use 

ÅTotal energy demand 2% higher in 
2030 and 6% higher in 2050

ÅIncreases cost by $17B net present 
value

ÅTransition from fossil to clean may 
need to happen more gradually than 
shown

Delaying Energy Efficiency and Building 
Electrification Increases Fuels and Electricity Use

*Steam production is 55% geothermal and 35% biogas by 2050

*
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Reference Scenario
Residential Space Heating

ÅFuel switching to electric heat 
pumps drives down overall 
energy demand

Å65% air-source heat pump 
(ASHP) sales by 2030 and 90% 
ASHP sales by 2040

ÅWood burning stoves 
supplemented with hybrid 
systems
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Reference Scenario
Commercial Space Heating

ÅSmall commercial (50% of buildings) 
use the same assumptions as 
residential

ÅLarge commercial (50% of buildings):

ӳ15% ASHP, 10% electric + hybrid by 2030

ӳ50% ASHP, 40% electric + hybrid by 2040

ÅElectricity demand doubles with 
60% reduction in overall energy use 
by 2050


