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Acronym List &

ACC I Advanced Clean Cars I Energy Storage System MHDV Medium- and heavyduty vehicles
ASHP Air source heat pump EV Electric vehicle MMBtu One million British thermal units
B2H Boardman to Hemingway [transmission line] FAME Fatty Acid Methyl Ester MMT Million metric tons
BEV Battery electric vehicle FCEV Fuel cell electric vehicle LAY ISR
BTM Behind-the-meter G2v Grid-to-vehicle NEEA Northwest Energy Efficiency Alliance
. . . NH3 Ammonia
CBECS Commercial Buildings Energy Consumption GHG Greenhouse Gas
Survey NWPCC Northwest Power and Conservation Council
GSHP Ground source heat pump
CBSA Commercial Building Stock Assessment _ RBSA Residential Building Stock Assessment
GW Gigawatt
RE Renewable energy
cC Carbon capture GWh Gigawatt hour e N . o
CCGT Combined-cycle gas turbine H2 Hvdrogen esidential Energy Lonsumption survey
ccs Carb " i yarog RIO Regional Investment and Operations [Evolved
arbon capture and storage :
P 9 HEFA HydroprocessedEsters and Fatty Acids model]
CFS Clean Fuel Standard HDV Heavy-duty vehicle SEDS State Energy Data System
CPP Climate Protection Program . . i illi iti i
! ! 9 IATA International Air Transport Association L= One trillion British thermal units
CT Combustion turbine . . TNC The Nature Conservancy
ICE Internal combustion engine
i i - TWh T tth
DEQ [Oregon] Department of Environmental Quality 10U Investorowned utility erawatt hour
L Tx Transmission
DER Distributed energy resources IRA Inflation Reduction Act
EE Energy efficienc . . V2G Vehicle-to-grid
9y y LDV Light-duty vehicle
; s ; VMT Vehicle miles traveled
EIA Energy Information Administration -
9y LPG Liquid petroleum gas o _
EP Energy Pathways [Evolved model] — ZEV Zero emissions vehicle
MDV Medium-duty vehicle page 4
EPA Environmental Protection Agency
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Overview of Modeling Approach &

Model calculates energy supp

hNBE3I2y Q2
- N -
Residential Needs Maintain reliability

Commgrual Electricity | eastcost solutlor?s.
Industrial | Transportation fuels Meets energy policies
Transportation Direct use fuels

\ a2RSTf 2 T \_ )
Economy Supply
Must meet clean

Model calculates energy neec

energy goals
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Model Geography: Oregon in Context of the Wests -

AOregon modeled as part of larger energy systt

AAIl states in the West modeled with their speci
energy policies

e Resource and load diversity

e Resource competition for Oregon

AOregon modeled as two zones: East and Wes
the Cascades

ATransmission between zones modeled with
existing transmission capability and the
opportunity to expand with an associated cost
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Modeling Is Structured to Comply with Oregon
Laws

_ _ Emissions by Type and Source (Sink)
AOregon has aggressive climate

policies and goals, including 80%
reduction in greenhouse gas 50
emissions economwide by 2050

0. Reference

40

AEach modeled scenario shows a -

=

L GKgtke& G2 | OKAS@A h NB
ANearly all emission reductions come .
from energy sectorelated CQ - - —

emiISsSIons
2024 2030 2035 2040 2045 2050

d21 f a

0

B Non-COZ2 W COoz-Oil B COZ-Coal
COZ - Natural Gas M COZ2-Other
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Modeling Is Structured to Reflect Land Use and

Natural Resource Constraints

A Land use considerations are an input to the model through screening at a disaggregated level of whe
iInfrastructure projects could be located

A Every scenario complies with most restrictive land use constrairitsdnrS b | (i dzNJ Po@ef 8 S N

of PlaceWeststudy. legally protected, administratively protected, and high conservation value lands
(Levels X 3) (See methodology on pages 22d9.)

Siting Level 1 Siting Leve

Siting Level 3

Excludes Category 1 Excludes Category 1, 2 Excludes Category 1, 2, 3
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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

Reference Scenario Database Development with P =
OregonSpecific Data

AOregonspecific data collected from ujp-date Oregon datasets, past studies, and
consultations

Transportation Data Oregon Department of Transportation, EPA Motor Vehicle Emission
Simulator (MOVEYS)

Building Data NEEA Residential and Commercial Building Assessments (RBSA & CBSA), EIA
Residential & Commercial Building Energy Consumption Survey (RECS) & (CBECYS)

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

AReview of Oregon resources and input from ODOE and data holders in identifying
avalilable datasets
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Key Study Questions &

A2 KIFd NBaz2dzNOSa Ydzad 0S odzafd 02 YSSO hNBI2YyQa
A What is the impact of delayed energy efficiency and building electrification?

A What is the impact of delayed electrification of mediuamd heavyduty vehicles?
A What happens if demand response participation is limited?
A What would happen if utiliyscale electricity generation were limited in Oregon?

A What benefit do rooftop solar and behirttie-meter storage bring to the grid when transmission is
limited to reconductoring?

A What might an alternative portfolio of flexiblg resouvrcesAfor electricity reliability look like if Oregon
R2SayQu o0daAfR lFye yS¢g OfSIFy 3Ira LXEIFyYydak

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

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

pagel1l



What if Scenarios and Sensitivities S

0. ReferenceWhat are thekey elements of a leastost pathwayi 2 YSSGAY 3 hNBI2yQa SySNHE
Oa.What ifper capita vehicle miles traveled (VMT) remained the sfrom the present until 20507

Ob.What if electricity demand supplied folta center and technology growth were 50% lowtreain the forecast used for
the Reference Scenario?

Oc.What if there wereno electrification targets for mediurand heavyduty vehicles through 203%hus deferring
transportation electrification further than Scenario 27?

What ifenergy efficiency and building electrificatitsidelayed by 10 years?

What if fulltransportation electrificatiorof medium and heavyduty vehicles islelayed 10 years, from 2040 to 20507
What if there isimited demand responsparticipation?

What if there isimited utility-scale electricity generatioim Oregon?

a bk~ 0D PRE

What if there are higher levels afoftop solar and behindhe-meter storageandtransmission is limited to
reconductoringonly (no new build)?

5a.What if the higher levels of rooftop solar and behitig-meter storage and transmission is limited to reconductoring,
andper capita VMTemained the same from the present until 20507

6. What might amalternative portfolioof flexible resources for electricity reliability look like?
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enario A ptio

Clean Electricity Policy

/ O a

HB2021, 80% below baseline (2eA@12) by 2030, 90% by 2035, zero emission retail electricity sales by 2040 applied to P@ii EASs (~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 oxyfuelirpe
2035 and onwards limited to less than 25 MW, TNC TX and RE potential. NREL ATB mid resource prices and conseng
H2 infra prices. Tx and pipeline expansion available in 2035 and onwards. B2H comes online 2030. OR East West pots

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. Nbuotasstithi@enodel violates this requirement.

DEQ CFS, applied every year, likely only binding in 2026 in the model because of EV credits

Distributed Energy Resource

Minimum 10% from 20 MW or smaller systems. NWPCC Forecast of rooftop solar. 42 MW/ 25 MWh of BTM storage (1% of hosislsitiage 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 patrticipating
BTM storage capacity (40%
of solar customers with
storage, 50% participation,
50% of stored energy
available)

Same as 0

EconomyWide GHG Policy

EO 2004: 45% below 1990 levels by 2035, 80% below 1990 levels by 2050

Non-CQ emissions

EPA emission reduction supply curves for Oregon

Buildings: Electrification

10-year delay on electrified
space and water heating
targets

Same as-B 50% HP, 40% other electric/hybrid by 2045.

Res Heating: 65% heat pump sales by 2030; 90% by 2040. Sales of woodstoves (res heating): 75% ASHP hybrid, 20% wadtlsyo2@505%
Commercial Heating: Small/large commercial 50/50 split. Small commercial same as residential. Large commercial: 15%hidiPel&@86ashybrid by 2030,

Water heating targets: Residential includes 2029 federal standards, 95% heat pump sales by 2045; Commercial smaltiait@l cessnmercial 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 Il for LDV sales reaching 100% in 2035

Transportation: MHDV

Advanced Clean Trucks
through 2035

100% BEV by 2050, except
transit 75% EV/25% FCEV
and long haul 65% EV/35%
FCEV by 2050

Same as-®

Advanced Clean Trucks through 2035

Post 2035: 100% ZEV sales by 2040 for Cla8wv&bicles
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. Raid7&etitcity by 2050 (logistic growth starting in 2030). Aviatior20% efficiency gain through

2050 (IATA).

Vehicle Miles Traveled

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

Industry

0.5%/yr process efficiency.

Same as-B Fuel switching halved

1%lyr process efficiency improvements. Fuel switching measures from fuels to electricity from 2030 through 2050. Nog ideaidienters.

Demand Response

50% res/com heating, water heatinglf), and air conditioning (AC) by 2050 (0 in 2025). 2/3 5% res/com heatingwh, AC
res EVs by 2030 (0 in 2020) G2V. 1/3 com EVs by 2030 (0 in 2020) G2V. 26% V2G res

2050 (can discharae down to 40% batterv canacitv) 2030 no com No V2G (res)

by 2050, 20% of res EVs by | Same as 0

2/3 V2G for residential EVs
in 2050

Same as 0



Scenario 1. Delayed Energy Efficiency and Bundl@gm
Electrification (1. Delayed EE & BE)
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Reference Scenario

Alternative Scenario

Input

Residential
Space Heating

A Assume existing policies play out for all space heating technolog
A 65% heat pump sales by 2030; 90% by 2040

&b Assume existing policies play out for all space heating technologies
A 65% heat pump sales by 2040; 90% by 2050

Commercial
Space Heating

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

A Small commercial: follow residential
A Large commercial:
A 2030: Electric heat pumps 15% of overall sales; other elea
+ electric hybrid systems (including hybrid heat pumps) 10
overall sales
A 2045: Electric heat pumps 50% of overall sales; other eleg
+ electric hybrid systems (including hybrid heat pumps) 40
overall sales

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

A Small commercial: follow residential
A Large commercial:

tric A 2040: Electric heat pumps 15% of overall sales; other electric + elg

hybrid systems (including hybrid heat pumps) 10% of overall sales

A 2055: Electric heat pumps 50% of overall sales; other electric + ele

tric hybrid systems (including hybrid heat pumps) 40% of overall sales

Residential
Water Heating

A Incorporate Federal Energy Conservation Standards for Consume
Water Heaters (from May 6, 2029)
A Electric heat pump sales rising to 95% of overall sales by 2045

A Incorporate Federal Energy Conservation Standards for Consumer Water
Heaters (from May 6, 2029)
A Electric heat pump sales rising to 95% of overall sales by 2055

Commercial
Water Heating

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

A Small commercial: follow residential
A Large commercial:
A 2035: Electric heat pumps for water heaters 15% of overal
sales, other electric technologies 10% of overall sales
A 2045: Electric heat pumps for water heaters 50% of overal

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

A Small commercial: follow residential

A Large commercial:

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

| A 2055: Electric heat pumps for water heaters 50% of overall sales,

sales, other electric technologies 40% of overall sales

other electric technologies 40% of overall sales




Scenario 1. Delayed Energy Efficiency and Buildiggw
Electrification (1. Delayed EE and BE), cont.

RESEARCH

Reference Scenario

Alternative Scenario

Industrial Processes

A 1% process efficiency improvements per year in all sectors
A Fuel switching measures from fuels to electricity

A 0.5% process efficiency improvements per year in all sectors
A Fuel switching measures from fuels to electricity

Electrification

A 100% of machine drives by 2035

Avnme: 2F €26 GSYLISNI G§dzNB KSIH
industries such as computer and electronics products

A 50% of heat in bulk chemicals production, 25% of heat in glass
production

A 50% of integrated steam production, including in food
manufacturing, by 2045

A 100% of refrigeration by 2040

A 50% of machine drives by 2035

Apmiz 2F €26 0GSYLISNI GdzNBE KSI
largest industries such as computer and electronics products

A 25% of heat in bulk chemicals production, 12.5% of heat in gl
production

A 25% of integrated steam production, including in food
manufacturing, by 2045

A 50% of refrigeration by 2040

A 75% of industrial HVAC loads across industrial subsectors by 2059 37.5% of industrial HVAC loads across industrial subsectors |

A 80% of industrial vehicles including in agriculture by 2050
A 50% of construction energy demand by 2050

2050
A 40% of industrial vehicles including in agriculture by 2050
A 25% of construction energy demand by 2050

Dy

Switch to Hydrogen

A 50% of heat in bulk chemicals (not a large industry in OR)

A 20% of integrated steam production, including in food
manufacturing, by 2050

A 20% of construction energy demand

A 20% of industrial vehicles by 2050

A 25% of heat in bulk chemicals (not a large industry in OR)

A 10% of integrated steam production, including in food
manufacturing, by 2050

A 10% of construction energy demand

A 10% of industrial vehicles by 2050
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Scenario 2. Delayed Transportation Electrlflcatlorg;)
(2. Delayed TE)
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Input Reference Scenario Alternative Scenario

MDV and HDV sales shares
post 2035

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

2036; All other Class Zbvehicles: 100% ZEV sales by 2040. Advan

Clean Trucks through 2035
Of the ZEVs:

A For transit: 75% of ZEVs are assumed to be battery electric vehi
(BEVs), 25% are assumed to be hydrogen fuel cell electric vehic
(FCEVs)

A For long haul: 65% of ZEVs are assumed to be BEVs, 35% are
assumed to be hydrogen FCEVs

A All other classes are assumed to be 100% BEVs

For all Class 2b-8 vehicles, including buses: 100% zero

through 2035

Of the ZEVs:

vehicles (FCEVs)

assumed to be hydrogen FCEVs

A All other classes are assumed to be 100% BEVs

agdission vehicle (ZEV) sales by 2050. Advanced Clean Trucks

cheg-or transit: 75% of ZEVs are assumed to be battery electric
lesvehicles (BEVs), 25% are assumed to be hydrogen fuel cell e

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

pagel6
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Scenario 3. Limited Demand Response (3. Ltd DR)
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Input

Demand ResponseHouseholds
participation

Reference Scenario

50% of homes with demand response capability are participd
in some form of firm demand response program by 2050 (line
growth from 2025)

Residential EVs: Start at O, ramp up to 2/3 of residential EVs
participate in managed charging by 2030

Alternative Scenario

5% of homes with demand response capability are participating
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 ResponseCommercial

50% of commercial spaces with demand response capability
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 E\
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

Vehicleto-grid (V2G)

26% V2G for residential EVs, assuming utilities can discharg
battery down to 40% capacity (so use 60% of EV battery)

No V2G for residential EVs
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Scenario 4. Limited Utilinscale Electricity

Generation in Oregon (4. Ltd Gen)

EVOLVED
| ENERGY
RESEARCH

Input

New Electric Resource
Availability

Reference Scenario

Economic selection of new gratale electricity
resources required to meet rising demand over time
YR AY fAYS 6AGK hNB3I2Y
reliability constraints, limited by resource potentials
identified in TNC Power of PlaWéest study.

Alternative Scenario

Limit potential for new gridscale wind, solar, and

geothermal generation in Oregon to half of that built in

Reference Scenario.
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Scenario 5. High Distributed Energy Resources +g, -
Limited Transmission (5. High DER + Ltd Tx)

Input Reference Scenario Alternative Scenario

Transmission Development [Tx and pipeline expansion available from 2035 onwards. [B2H comes online 2030.

comes online 2030. . :
Only reconductoring projects allowed.

Distributed Energy ResourcesNWPCC Forecast for rooftop solar. 42 MW/25 MWh of BT7GW of rooftop solar.
storage (1% of households install storage systems; 20% ¢
them participate in offering grid services, 50% of stored
energy available).

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

pagel9



Scenario 6. Alternative Flexible Resources (6. Altg, -
Flex Res)

ENERGY
RESEARCH

Input

Resource Availability

Reference Scenario

Option for 100% hydrogermr new biogassupplied new
electricity plantsunder 25 MW.

Alternative Scenario

No new gas or biogas electricity generators of any
size allowed in Oregon.
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Sensitivity Questions &

AOa. No Change in VMT in Reference Scenario

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

A 0b. 50% Lower Tech Load Growth in Reference Scenario

A What if electricity demand supplied for data center growth and chip fabrication loads were 50% lower
GKIFIY GKS HaHd b2NIKgSald t26SNI YR [/ 2yaSNDIFGA2Y
mid-higher forecast?

A 0c. No Advanced Clean Trucks Regulation in Delayed Transportation Electrification
Alternative Scenario

A What if there were no electrification targets for medisemd heavyduty vehicles through 2035, thus
deferring transportation electrification further than Scenario 27?

A5a. No Change in VMT in High Distributed Energy Resources + Limited Transmission Scena

A What if the higher levels of rooftop solar and behith@é-meter storage and transmission is limited to
reconductoring, and per capita VMT remained the same from the present until 20507?
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Sensitivity Analyses & =

Sensitivity Oa No Change in VMT in Reference Scenario

Reference Scenario Sensitivity

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

Sensitivity 0b50% Lower Tech Load Growithh Reference Scenario

Reference Scenario Sensitivity

Tech Load Growth NWPCC Northwest Power Supply Adequacy Assessment for 50% of Reference Scenario tech loads electric
mid-higher case assumed by 2030, with 1.5% load growth |demand by 2030, with 1% load growth annua
annually 2032050 20302050
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Sensitivity Analyses & =

Sensitivity OcNo Advanced Clean Trucks Regulation in Delayed Transportation Electrification Alternative Scenario

Input Reference Scenario Sensitivity
MHD Electrification AssumptiolA Advanced Clean Trucks targets through 2035 A 100% ZEV sales for all MHD vehicle classes
by 2050

A 100% ZEV sales for transit/school buses by 2036
: A No interim electrification targets for MHD
A 100% ZEV sales for all other MHD vehicle classes by 2050 g

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

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

page 23
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TOp-LGVEl Findings & &

o

ACKS Y2RStAYy3I NBadzZ da O2yFANYXY GKI
02 YSSO G4KS adlrasqQa OftSlFy SySNHE@
AhNBI2yQa Of Sy SySNHé 3F2Ffta NBIdz

deliver

AThe modeling explores some leasist options available to achieve the
ail 0SQa Of Swhile ntiyitaining keliadigy | { &

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




Reference Scenario is the LedSost Pathway &

*

Difference to Reference (Cumulative NPV $B)

. . . $30B
AAIl alternative scenarios lead to increase R
In costs relative to the Reference P i
K W 3. Ltd DR
AExisting transportation electrification £ ** m e s178
policies are essential to ensure GoSt  §sise 6 AlFlexRes $14B
effective transition g
AElectrification and energy efficiency in £ /B
. . : $4B
buildings are key to cost containment -~
$08B $0
2024 2030 2035 2040 2045 2050

*Net present value costs calculated with a 3% societal discount rate
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Pillars Of Deep Decarbonization: Reference &

Energy Electricity Fuels Carbon End-use

Efficiency Decarbonization Intensity Electrification
80%
150
60
E > 60%
= £ 150 = g
@ 100 2 = 2
a S g = 40%
= © 100 o =
o o o =
O L
50 @
~ 20 20%
; - HE -
2024 2050 2024 2050 2024 2050 2024 2050

M clectrofuels
M electric end uses

Ah NB 3 2 ¥ Q a-wide@esgRugaiper 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
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Demand for Energy Decreases While Demand for.

EVOLVED

EI - . I W | R
Energy Demand by Fuel in Oregon
0.Reference
700 e ~ ~ mom— - - === - - - - oo ---mo oo --ooo oo Total energy demand

= 600 — 220/(1 decreases by 22%
— ]

- PE——  E—

— 500

©

o

g 400

[} -

% 300

b= — Electricity demand
— 200

£ — doubles

0 - e
2024 2030 2035 2040 2045 2050
M H2 & NH3 B steam B gasoline fuel
M biomass W jet fuel B diesel fuel
electricity pipelinegas W other fossil

Pgvgu<"3+"1qvj gt " Hpqg,oiludoah Hntl gepradennvdole.LStedimniggarhéatikput to ‘many industrial processes. Like electricity, it can be page 28
generated from clean or dirty sources. 2) H2 = Hydrogen; NH3 = Ammonia



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

EVOLVED
ENERGY
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Energy Demand by Sector in Oregon

0.Reference

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

600

n
o
o

w
o
o

Electrification of cars
and trucks delivers the

Building electrification
and efficiency

Final Energy Demand (TBTU)
I~
o
o

N
o
o

biggestefficiency 100 improvements reduce
gains, driving down 0 demand in homes
overall demand 2024 2030

B tech load residential

B commercial B transportation

B industry & ag
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A Total energyrelated spending declines

: . : Total Energy System Costs as Percentage of GDP
economywide, with reduced spending on

10%

Imported fuels and greater investment in 9%
local and regional infrastructure, particularly gy Mistorica
for the electricity sector 7%
a .
. . . o 6% :

ATrades glol_aa! volatility |n.o_|l and.gas market sy ’m
for uncertainties about critical minerals, L 4%

supply chains 3%

. . . . 2%

A Keeping more money istate and iaregion W:

A Jobs study and folloven workforce analysis 0%1995 005 2016 sops 203 2045
will help identify how to meet workforce

needs
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Clean Fuels are Needed to Meet Energy and
Emissions Goals

AFuel demands decrease over time el consumption in Oregon
but their importance does not OReference
I
\WHardest to electrify applications 400
\WResilience 9 0%
WTime for electric technologies to "

replace fossil

100

AClean fuels include biogas, bio 0
liquids, efuels, hydrogen, ammonia,
and geotherma| steam B clean fuels fossil fuels

2024
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Reference Scenario

Energy Demand by Fuel in Oregon

Energy Demand by Fuel in Oregon
0.Reference

e o e Total energy demand
decreases by 22%

~J
o
O
1
1

(@)]
(@]
(@]
N
=
4_O\_>

(O
o
o

Final Energy Demand (TBTU)
o~
o
(@]

300
- Electricity demand
200 . — doubles
0 - T
2024 2030 2035 2040 2045 2050

B H2 & NH3 N st | line fuel - : : .

. S earm g.aso nere Additional information about the composition of fuel blends,
M biomass W jet fuel B diesel fuel . : : : . :

N o _ e.g. whether jet fuel is fossil or clean fuel is available on slide 77
electricity pipelinegas W other fossil

Pgvg<"T1hqvj gt " hq ulpgkoi ¢hal lapdepetraldun cokeh Stegqm i$ @ Heat input to many industrial processes. Like page 34
electricity, it can be generated from clean or dirty sources.



Reference Scenario
Energy Demand by Sector in Oregon
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Energy Demand by Sector in Oregon

0.Reference

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

600

n
o
o

w
o
o

Electrification of cars
and trucks delivers the

Building electrification
and efficiency

Final Energy Demand (TBTU)
S} I~
o o
o o

biggestefficiency 100 iImprovements reduce
gains, driving down 0 demand in homes
overall demand 2024 2030

B tech load residential

B commercial B transportation

B industry & ag
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Reference Scenario

Residential Space Heating

ASHP M Electric Resistance
B ASHP Hybrid B Geothermal
M Cordwood Stoves M Fossil Fuel

A Fuel switching to electric heat
pumps drives down overall energy Residential Space Heating Sales

demand 0.Reference
100%
WElectricity demand relatively unchanged

50% IIIIIIIIIIII|
: . . . 0%
as electric efficiency gains offset growth

from electrification Residential Space Heating Stock

A 65% airsource heat pump (ASHP)

sales by 2030 and 90% ASHP sales oM —

by 2040 Residential Space Heating Energy Demand
supplemented with hybrid systems

M Electricity M Wood M Fossil Fuel

Percent of
Sales

Units

TBTU

2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
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Reference Scenario
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Commercial Space Heating

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

ALarge commercial (50% of buildings):

¥ 15% ASHP, 10% electric + hybrid by 2030
¥ 50% ASHP, 40% electric + hybrid by 2040
AElectricity demand doubles with

60% reduction in overall energy use
by 2050

ASHP
B ASHP Hybrid

B [Clectric Resistance M GSHP
B Fossil Fuel

Commercial Space Heating Sales

0. Reference
100%

50%

Percent of
Sales

0%

Commercial Space Heating Stock

0.06
0.04
0.02

TBTU/hour

Commercial Space Heating Energy Demand

TBTU
H
v o

co
(8]
o
[QN]

2024
2026
2030
2032
2034
2036
2038
2040
2042
2044
2046
2048
2050

B Electricity ™ Fossil Fuel
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Reference Scenario ol
LightDuty Vehicle Sales, Stock, Energy

LDV Sales
0.Reference
100%
A100% zero emissions vehicle 8 son ¥
sales achieved in 2035 0%
LDV Stock

Vehicles

ADrop in energy demand from y
both better drive chain efficiency 2 * i
and 20% reduction in vehicle .

miles traveled by 2050 LDV Energy Demand

150

TBTU
=
o
S
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Reference Scenario D =
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MDV/HDV Sales (incl buses)

ASchool busest00% zero emission vehicle . 0.Reference

50%
ATransit buses:
I\/lDV/H DV Stock

\W100%ZEV sales by 2036 target
W 75% sales assumdxhttery electric (BEV)/25% salassumed fuel
cell electric (FCEV) by 2040 MDV/HDV Energy
ALongHaul: 65YBEV, 35% FCEV by 2040
AShortHaul: 100% BEMW 2040

A45% decrease in energy use for MDV/HDV
by 2050 Electricity H2 Fuel Cell M ICE

9% Sales

200K

100K
OK

Vehicles

TBTU
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Reference Scenario
. . SAE
Supplyside Overview

RESEARCH

AcKAAa &aSOUAZ2Y | yHawdd Na&iserieKhs engrdgySiéniaid® of thedeconomy reliably
YR 0 t£SFHald O0z2aidkKé
\WSubiject to the constraints defined for the Reference Scenario, such as electricity policy, emissions policy,
resource availability, etc.

A Supplyside analysis is concerned with investments in physical infrastructure and system operating
Costs

\WEvaluating electricity generation and transmission needs and opportunities
WEvaluating fuel supply needs and opportunities

A Analysis does not answer questions about how costs are assigned and paid for
We.g., What rate do customers pay for electricity for their electric vehicles?

WAnalysis aims to minimize the size of the total cost pie. How that pie is apportioned, shared, and paid for can
informed by further work
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Reference Scenario
Electricity Balance
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In-state gas generation and

unspecified imports decrease ¢

HB 2021 and EO B! drive a
cleaner electricity sector

Electricity Generation for Oregon Demand (GWh)

Load growth, primarily from

tech loads and electrification, i

met with in-state generation
and specified clean imports

solar
M offshore wind
M onshore wind

120K
B geothermal
100K ficity
- 80K B coal electricity
= B cleanimports
1S® 60K B unspecified imports
40K
0K
Electricity D€mand in Oregon by Scenario (GWh)
0K M boiler
W e-fuels
b 100K M electrolysis h2
B tech loads
. M commercial
% 60K W productive
residential
A0K M transportation
20K
oK 7 1 R

2024

2035 2040

2030

2045 2050

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

Nearterm demand for clean
electricity requires neaterm
action.

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

been completed

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

& EVOLVED
: ‘ ENERGY
RESEARCH

Early growth of
onshore wind in
Oregon East

Rooftop solar

growth in Oregon
West alongside early
grid scale solar

additions

M distributed storage

Electricity Generating Capacity (GW)

M onshore wind

0. Reference

1.2 GW of enhanced
geothermal growing to
1.6 GW by 2050

3 GW of rooftop solar by
2050 based on NWPCC
forecast

other

~ 20 -
o
oregon 2 I
o
8 N N
0 [ ] [ ] [ ]
20
=
<}
oregon >
- B B
g .
e — — .
0O e DS D SN
2024 2030 2035 2040 2045 205

W electricity storage
solar (grid scale)

M solar (rooftop)

M offshore wind

B geothermal

gas CT (new, clean) W hydro
M gas CCGT (new, clean)
B gas gen (existing)

M hydro, small hydro

Clean gas additions for
reliability. Low volumes
of gas consumption but
large contribution to
reserves
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Reference Scenario

. . & i,
Generation Capacity Map

Electricity Generating Capacity: 2024 Electricity Generating Capacity: 2050

AFrom 2024 to ¢ o 4 o
2050, total
generation
capacity grows
dramatically in the ) | a
West and 2 g ‘ = r
renewables \a
d om | n a.te © 2025 Mapbox © OpenStreethap : © 2025 Mapbox © OpenStreetMap

United United
/ States / States
\ ) 1

Technology Type Capacity (GW)
M clectricity storage B geothermal power B nuclear power M onshore wind B petroleum coke power 4.26 100!..
gas power B hydro B offshore wind M other solar 50.00 163...

BPA hydropower is attributed to zones based on EIA representation
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Modeling Is Structured to Reflect Land Use and

Natural Resource Constraints

A Land use considerations are an input to the model through screening at a disaggregated level of whe
Infrastructure projects could be located

A Every scenario complies with most restrictive land use constrairitsdnS b | (i dzZNJS Po#ef & S N
of PlaceWeststudy. legally protected, administratively protected, and high conservation value lands
(Levels X 3) (See methodology on pages 22d9.)

Siting Level 1 Siting Level 2 Siting Level 3
s e

Excludes Category 1 Excludes Category 1, 2 Excludes Category 1, 2, 3
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Wind and Solar Account for Largest Incremental o .

'#) | ENERGY
Q RESEARCH

Land Use Footprint of New Generating Resources

A Reference finds 620 square miles of Land Use by Resource (square miles)
development in Oregon East and 200 square
miles in Oregon West by 2050 0. Reference
oregon west oregon east

A Scenarios affect scale of land use and natural

resource footprint eo0
& 31% reduction when limit development oo
e 15% increase when take out cleangasasa & o
reliability resource E
A Other generating resources will have a " 200
footprint but wind and solar are the largest
contributors 100
- - - - - - O
e New transmission and distribution will also S 2 @ 2 w g9 ¥ 2 @w g @w o
have a footprint but are not quantified in this & 8§ &8 & & |/ /&8 §&8 /8 /& & §®
anaIySiS onshore wind solar

We use NREL estimates of wind and solar landWsed: 78 square miles/GV%olar: 7 square miles/GWand 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 pehjdesimostly indirect land use between turbines.
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https://www.nrel.gov/docs/fy09osti/45834.pdf
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Oregon Needs More Transmission Capacity &9 =

A Transmission expansion focuses between zones:

W Across the Cascades, and from Oregon to
Idaho, Washington, and California

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

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

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

A Growth of transmission into Oregon West and
Boardman to Hemingway transmission project
into Oregon East

A If less clean gas capacity built in Oregon West or
demand response is limited, more transmission is
needed

Tx Capacity 2024 Tx Capacity 2050

© 2025 Mapbox © OpenStreetMap > © 2025 Mapbox © OpenStreetMap

0.0 4.0 8.0 110
2.0 6.0 10.0
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Within Zone Transmission & =

ANeed for instate transmission and distribution expansion and upgrades to
deliver electricity from irstate generation

ANo physical representation of within zone transmission or distribution

e Highlevel approach to estimating electric and gas T&D costs

e Correlates irstate electric transmission and distribution capacity expansion costs with the total increase in net
distribution system peak

ACaptured with historical transmission and distribution costs
e Uses historical $MWh from EIA

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

e Distribution upgrade costs can be avoided or deferred with load shifting in the model
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Transmission Between Zones
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A Transmission expansion between Oregon zones ¢
other zones is not permitted in the modeling until
2035 to represent the long lead time of
transmission projects

W The exception is Boardman to Hemingway, which comes onlit
as planned in 2030

A Transmission expansion facilitates imports of
renewables from other regions as well as Oregon
EastWest electricity flows

A The transmission model is linear, so investments
can be made in fractions of new transmission line

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

A These additions are on top of existing transmissic
into the states surrounding Oregon. The full
transmission capability to surrounding states is
given on slide 127

Tx Additions: OR East to Other Zones (GWs)

oregon east

1.2

1.0

0.8

0.6

0.4

0.2

0.0

2030

california
north

2040 |

2050 |

2030 I—

idaho

2040 I—

2050 |

2030

oregon west

2040

2050

2030

washington

20401

2050 g

OR West to Other Zones (GW)

oregon west

1.2

1.0

0.8

0.6

0.4

0.2

0.0

2030

oregon east

2040

2050 m

2030

washington

2050 |

20401
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Reference Scenario Q=
hNAIAY 2F CdzSfta dzaSR Ay hil

Direct Use Fuels by Sector

ADemand for fueIS deCIIneS Over industry & ag commercialO.Referenceresident\'al transportation
time largely driven by energy 200\ -
efficiency and electrification of ..,
end uses O

200M
AFuel demand remains similar in élgw M
Industrial sector but switches
100M -
to dependence on lovearbon ———
50M -I - ]
fuels B - [
. . oM __.__.-Illlllll __-"'- lll.l R ——
ABy 2050 the supply of liquid

and gaseous fuels is almost
. M biomass/biogas M hydrogen gas M geothermal heat M liquified hydrogen
fU | Iy deCarbOnlzed M e-fuels fossil fuels M =mmonia
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Liquid EFuels are Imported from Other States
whereas Hydrogen Gas Is Produced Locally

A Hydrogen products consumed in
Oregon shown on the preVIous S“deOHgln of Hydrogen and Hydrogen Products used in Oregon

are sourced from inside and outside 0. Reference
of Oregon

A Liquid efuels are relatively
Inexpensive to import because they
share the same chemical structure

Imports

Fa F2aa8Af FdzSta yR OFy -6-S aRNPE EISR-
AYVE FTYR RAGOGNAOdzOSR UKNRdAzZAK SEA&GAY 3
infrastructure 5 M

A Liquified hydrogen and hydrogen = 1oy
gas are produced within Oregon and . .
ammonia production is split oM ==
between |n'Sta.te and OU‘tOf Sta.te Null 2024 2030 2035 2040 2045 2050

prOdUCtlon ammonia B hydrogen gas
M o-fuels M liquified hydrogen
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Reference Scenario

Biofuels

ABiofuels in 2024 consist of wood Seurce of Biofuels

0. Reference

burned in residences and biofuel _ 30m
in transportation, including HEFA i 2 20 .
FAME, and ethanol e B B N -
5 30M
AVolumes in transportation 2 2om
. . e = 10M
decrease as the fleet is electrifiec e —
and emissions from fossil fuels > 2oV . -
decrease, but increase in 2050 tc S 1om . -
decarbonize remaining fuel use weeemoam w0 e 2w
_ _ _ M agricultural residues M existing biomass
ABiogas begins replacing natural ¢ OV " PAME blodiese
COnsumptlon |n 2045 B ethanol blending B other

page52



Reference Scenario
Gas Pipeline

AGas volumes decline over time
with reductions in MWh of Percent of 2024 Gas Delivery Volume (Electricity & Direct Use)
generation from gas turbines an: " Reference Scenario

electrification of end uses L00%

_ 80%
ASmall amounts of electrolytic

hydrogen used in power

generation in new clean gas 40% l -
turbines 20% .
I
. mm B T e

ARemaining volumes of direct use 054 2030 2035 2040 coss 200

gaS fU”y decarbonlzed Wlth M electrolysis h2 for electricity natural gas for direct use
biogas M biogas for direct use M natural gas for electricity

60%

page53
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Reference Scenario
Emissions

Nitrous oxide (MO) and Early removal of coal from Declines in emissions from oil and

methane (CE) from the electricity portfolio natural gas driven by efficiency,
agriculture difficult to electrification, and substitution

decarbonize and remain in with clean fuels
the economy

4
F-gases
M N20
M CO2-Coal

CO2 - Natural Gas
M co2-oil
M CO2-Other

Emissions by Type and Sogrce (Sink)

0. Reference

50

40

30

MMT CO2e

20
10

OI.I--_

2024 2030 2035 2040 2045 2050
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Sector Insights & i

AThe following sections describe what we learned from the
Reference Scenario and the alternative scenarios to inform
decisionmaking in Oregon for electricity, fuels, transportation,
and buildings

AThe 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
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Top Sector Takeaways

AElectrification and energy efficiency are key to reducing the size of

0 KS 20SNLIHA S¢SV $ R

G2a02a0d O2yudl Ay

AFuels play a strategic role in the transition, with a shift toward clean

fuel alternatives toward 2050

AAIl scenarios indicate a need to build infrastructure in Oregon

ATech loads are the biggest driver of electricity demand growth but
are also uncertain in when and where they could emerge
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Electricity Sector Key Insights
Oregon Needs More Electricity Infrastructure

A Even with aggressive levels of energy
efficiency, the electricity sector must
expand significantly to remain reliable

A Market forces and HB 2021 drive near
term decarbonization while EO Z13
requires action beyond HB 2021

A The model selects transmission expansi
as part of a leastost portfolio

A There are competing priorities with-in
state and outof-state resource
development, and a diverse mix of

resources IS Ilkely the IeaSt rISky approardit: Paulo Estevedittps://stock.adobe.com/images/maintenance —in—a—higr El—voltage
electrical -substation/564704152

........

o=
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Increasingly Clean Electricity Meets HB 2021
Targets and Helps Achieve EG240

AHB 2021 targets 80% emissions s ot 201001 Baceline
reductions by 2030, 90% by 2035;™
and 100% by 2040 below a 2010 **
2012 baseline for PacifiCorp,
Portland General Electric and ES§$
(62.1% of load*)

ANew tech loads otherwise allowed.,
to consume emitting electricity ...

AEO 2004 requires reductions
b eyo n d H B 2 O 2 1 aI O n e 0%2020 2025 2030 2035 2040 2045 2050 2055

40%

2 MMT
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Oregon Needs More Hytate Generation Capacity & .

Electricity Generating Capacity (GW)

Zone

— 20

=

)
oregon 2 o
east 'g 10

[al

©

)

0

. 20

=

2
oregon 2
west 'g 10

a

©

(@]

(@)

2024

M electricity storage
solar (grid scale)

M solar (rooftop)

M offshore wind

M onshore wind

0. Reference

2030 2035
B geothermal
gas CT (new, clean)
M gas CCGT (new, clean)
M gas gen (existing)
M other

2040 2045 2050

B hydro, small hydro
B hydro

CT: Combustion turbine
CCGT: Combinegcle gas turbine

Hydropower remains a foundational resource

Solar grows, both gridcale and rooftop

Onshore wind continues to be an important
LI NI 2F hNBI2yQa NBa

2 dzNJIO

In 2040, enhanced geothermal comes onto th
system

e

Model achieves HB 2021 emissions reductions

but some existing gas remains in the statewid
mix

e

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

-

Some additions of kstate generation will
require expansion of Hstate transmission

This diverse mix of resources
provides flexibility and reliability to
a nearly nonemitting power system
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| @8 RNRZ 2AYRZI | yR {EfPNé%ﬁi
of Clean Electricity Over Time

Electricity Generation from within Oregon (GWh)

oregon east oregon west

2030 60K

Still have some gas; 50K
model built to hit
HB2021 targets

2050

Electricity generation

2040

Enhanced geotherm

Is almost 100% nen
T11

I ® W T m o 3 2% D
emerges as key S 8 3 3 -
[QV] [QN] [QN] [QN] [QN] [QN} [QN} [QV] [QV]
resource . o
solar B biomass electricity W hydro
W offshore wind B geothermal electricity W coal electricity”*
B onshore wind gas electricity

*coal imported but represented as
a contracted resource in modeling
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Oregon Also Relies on Imported Electricity SJEe

Electricity Generation by Region

. . oregon east oregon west oregon east exports imports
A Oregon is part of a regional .
electricity system
A Even if more in-state .
resources are built as the T
model shows, also need f .
increasing levels of clean
Imported electricity - o
s
A Oregon exports power at § WIEEEE 2lig s s ¥IEE
solar B geothermal electricity M clean imports
B offshore wind gas electricity B unspecified imports
B onshore wind B hydro
B biomass electricity B coal electricity

*coal imported but represented as
a contracted resource in modeling
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Oregon Needs More Transmission Capacity &9 =

A Transmission expansion focuses between zones:

W Across the Cascades, and from Oregon to Idaho,

Washington, and California Tx Capacity 2024 Tx Capacity 2050

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

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

Un

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

A Growth of transmission into Oregon West and
Boardman to Hemingway transmission project into
Oregon East

© 2025 Mapbox © OpenStreetMap > © 2025 Mapbox © OpenStreetMap

0.0 4.0 8.0 11.0
2.0 6.0 10.0
A If less clean gas capacity built in Oregon West or

demand response is limited, more transmission is

needed
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The Balance of hstate vs. Imported Generation Can

Change
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A If cannot build more in-
state generation, need to
Import more (using more
transmission capacity)

A If cannot import more
(due to lack of
transmission capacity), -

have to build more in-state 3

A Both alternatives cost
more than the Reference
Scenario

10K ’
5K II
1

0

-15K

2024
2030
2035
2040
2045

4. Ltd Gen

B
-5K II

O
LN
o
(QN]

More imported
electricity

Less irstate
generation

GWh

5K

4K

3K

2K

1

~

OK

-1K

-2K

-3K

4K
-5K

Difference in Electricity Supply to Reference (GWh)

5. High DER + Ltd Tx

2024
2030
2035
2040
2045
2050

7
i||||

B cleanimports
gas

B geothermal

B hydro

B offshore wind

M other

B rooftop solar
utility scale solar

B wind

More in-state
rooftop
generation

Less imported
electricity and
grid-scale solar
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Wind and Solar Account for Largest Incremental @
Land Use Footprint of New Generating Resources
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A Reference finds 620 square miles of
development in Oregon East and 200 square
miles in Oregon West by 2050

A Scenarios affect scale of land use and natural soo
resource footprint

500

e 31% reduction when limit development 2 400
E

e 15% increase when take out clean gas as a reliabili§/ 5o
resource z

200

A Other generating resources will have a .

footprint but wind and solar are the largest

. 0
contributors

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

2024

onshore wind

2030

2035

solar

oregon west

2040

2045

Land Use by Resource (square miles)

2050

0. Reference

oregon east

2024

2030

2035

2040

2045

2050

We use NREL estimates of wind and solar landWsed: 78 square miles/GV%olar: 7 square miles/GWand 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 entireqeibj@es imostly indirect land use between turbines.
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Scenario Impact on Land Use S

Land Use by Resource (square miles)

A Scenarios affect scale of land

use and natural resource Zone 0. Reference 4. Ltd Ger 6. Alt Flex Ger
footprint 600
A31% reduction when limit el
development 200
0
A15% increase when take out o0
clean gas as a reliability oregon % 400

west o
resource 5
0
onshore wind solar

We use NREL estimates of wind and solar landWesed: 78 square miles/GV&olar: 7 square miles/GWand 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 entireqeibji@es imostly indirect land use between turbines.
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Water Consumption from Oregon Electricity D =
Generation

AWater usage N electr|c|ty Water Use by Oregon Electricity Generation .ézzl
. — M Geoth |
generation decreases by 81% fron =, _ cor
. . L B wind
2023 to 2050 as thermal electricity s ... )
. . © *coal imported but
generation is replaced 5 30K represented as a
o contracted resource
A Showing 2023, the most recent availabl & * 'n modeling
year of historical generation data from g ***
OK
EIA, and modeled 2050 numbers 250
A Not showing hydro £ 200
=
Resource gallons/lMWh ~Source g 150
Gas 2803Energy Information Administratién §
Coal 1918EEnergy Information Administratidn 5 100
Solar 20Solar Energy Industries Association ©
Wind OUnion of Concerned Scientidts = 50
Argonne National Lalfassumes binary _
Geotherma 80Chigh temperature EGS) 0
2023 2050
1 https://www.eia.gov/todayinenergy/detail. php?id=56820#:~:text=In%202021%2C%20natural%20gas%20combined,very%20low%20wHidréb2aiaP 0intensity
2 https://seia.org/waterusemanagement/ page 68

3 https://www.ucs.org/resources/environmentampactswind-power#:~:text=Water%20usgVater%20use,and%20cement%20for%20wind %2 e
4 https://gdr.openei.org/files/464/ANL:EVV$4:14%20(1). pdf
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https://www.ucs.org/resources/environmental-impacts-wind-power#:~:text=Water%20use-,Water%20use,and%20cement%20for%20wind%20turbines
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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

Electricity Demand by Sector: Reference vs. 50%§?

Data Centers
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AElectric load growth through 2030 is
largely driven by NWPCC forecasted
tech load needs

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

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

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

Electricity Demand by Sector

0. Reference 0.b.50% Data Centers

120

100

80

60

4OI I

20

L o Vp] (@] <t o (Vp] o [¥p] o
m <t < [Np] [gN] ™M <t <t

(@] (@] (@] (@] (@] (@] (@] (@]

[QN] [qN] [eN] [oN] [aN] [aN] [qN] [aN]

M transportation

Final Energy Demand (TWh)

O I e
<t o

202
203
203
205

B commercial (data center)
M commercial
M industry & ag

residential
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Reduced Resource Need if Uncertain Data Center

Growth Is Lower

X
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AOregon relies on greater electrici Electricity Generating Capacity (GW)

Imports in the neatterm, as well a
Increased irstate capacity to mee
load growth in the Reference

A Cutting data center load forecast:
by 50% reduces but does not
eliminatec the need for imports
and capacity additions in Oregon

Zone

oregon east

Capacity (GW)

oregon west

Capacity (GW)

20

0. Reference

0 ...

20

10

2024

B distributed storage

[ | electricity storage
solar (grid scale)

M solar (rooftop)

. offshore wind

. onshore wind

2030

o------------

2035

2045
2050

[ ] geothermal

gas CT (new, clean)
B gas CCGT (new, clean)
B qas gen (existing)
. other

B hydro, small hydro

2024

0b. 50% Data Centers

2030

2035

[ ] hydro

2040

2045

2050

page70
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Fuels Sector Key Model Insights N

A Fuel use decreases with the electrification of many
applications

A Lowcarbon fuel demand gradually replaces fossil fuel
demand

A New dispatchable capacity from fuehsed generation
maintains a reliable electricity system

A Lowcarbon fuels most costffective when used
strategically for the hardedgb-electrify industrial and
transportation applications and to maintain a reliable
electric grid during net peak periods
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Clean Fuels are Needed to Meet Energy and
Emissions Goals

AFuel demands decrease over time, e consumprieninGreger
but their importance does not OReference
I
\WHardest to decarbonize sectors 400
\WResilience 9 0%
\WTime for electric technologies to " 200

replace fossil

100

AClean fuels include biogas, bio 0
liquids, efuels, hydrogen, ammonia,
and geotherma| steam B clean fuels fossil fuels

2024
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Fuels in Transportation Decrease due to More @ =
Efficient Electric Drivetrains and Convert to Clean

RRRRRRRR

AElectrification of lighduty
and mediumduty venhicles

ADependent on clean fuels:

Aviation

Medium and HeawyDuty

Vehicles

Freight rall

Maritime

Source of Energy in Transportation

> 150M
o 100M
=

= 50M

aviation

S 150M
=
= 50M

- 150M
MHDV glOOM
S s50Mm

= 150M
o 100M
=

= 50M

other

W electricity

0. Reference

2024 2030 2035 2040 2045 2050

M clean fuel M fossil
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Direct Use Fuels Support Industrial Production and .-
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Mostly Phase Out in Buildings

Direct Use Fuels in Industry & Ag, Commercial, and Residential Sectors

-

|_

industry & ag g
=

-

-
commercial =
=

-

|_

residential g
=

M biomass/biogas
B e-fuels
B clectrolysis h2

60M
40M
20M

60M
40M
20M

60M
40M
20M

-
—
]
]
I
]
< o LN o LN o
N 52 54) < < )
o o o o o o
QN (QV QN QN (&N} QN
fossil fuels M haber-bosch
gas electricity B hydrogen liquefaction
B geothermal primary B thermal energy storage
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Fuel Blends Drop in Volume and become Cleanek?
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AMost fuel blends (diesel, gasoline, Fuel Blend Composition in Oregon

0. Reference

jet fuel, pipeline gas, and other
liquids) decrease in volume with
electrification

A Jet fuel is the exception with no
currently economically viable alternative

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

>
'—
diesel fuel g 100M
=
>
gasoline . 100M
fuel =
= 0OM
)
'—
jet fuel g 100M
= OoM
>
'—
other fossil g 100M
= oM
>
'—
pipeline gas & 100M
= OM

B alcohol-to-x
B biogas to pipeline
B cthanol blending

2024

B FAME
B fischer-tropsch liquids
B HEFA

2030 2035

N e
- e
I N
I [
2040 2045 2050
B other
natural gas
B fossil oil
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The Electricity System Relies on Installed Gas
Capacity to Provide Flexibility and Reliability

EEEEEEE
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AFlexible capacity is needed to
makes sure the system stays
reliable

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

AExistinggas and new clean gas
capacity run atower capacity
factors over time

ANew clean gas resources almost
never operate

Expensive fuel but cheap capacity

Electricity Generating Capacity (GW)

Zone

N
o

oregon
east

[N
o

Capacity (GW)

o

N
o

oregon

west 10

Capacity (GW)

0
2024

W electricity storage
solar (grid scale)

M solar (rooftop)

M offshore wind

M onshore wind

Existing Gas

0. Reference

2035

2030

M geothermal

gas CT (new, clean)
B gas CCGT (new, clean)
Bl gas gen (existing)
M other

2040

2045 2050

M hydro, small hydro
M hydro

New Clean Gas

page77



2 KO AT 2SS [/ 2dad RY QU

Reliability?

wSd e

A\

ENERGY
RESEARCH

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

ADoubling of electric end use loads and
Increasingly renewable electricity supply

What flexible resources are required to
ensure reliability?

A Different options but the model takes a
hydrogen and transmission path

Clean Gas Generating Capacity in 6.Alt Flex Res relative to

Reference (GW)
Year

2024
2030
2035
2040
2045

2050

B hydro
M hydro, small hydro
M gas gen (existing)

M gas CCGT (new, clean)
gas CT (new, clean)

B geothermal
M onshore wind

6. Alt Flex Res

-2 0 2
Capacity (GW)
M offshore wind
M solar (rooftop)

solar (grid scale)
B electricity storage
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Reliability? (1)
Electrolyzer Capacity in Oregon (GW)
AClean fuels production from hydrogen 0. Reference 6. Alt Flex Res
occurs outside of Oregon in the Refere  so0

Scenario

M
&)

ALarge new flex load: electrolysis becorn
valuable to Oregon West in Alt Flex Re

M
o

=
&)

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

=
o

Electrolyzer Capacity (GW)

O ) O
< < N
o o o
QN QN QN

page79
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2030.

2035.

2030
2035
2040
2045
2050

Ammonia produced from hydrogen exported to
Western ports
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Reliablility? (2)
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Electricity Generating Capacity in 6.Alt Flex Res relative to

Alncreased loads from electrolysis Reference (GW)
supported by increased renewables ™ N
and transmission 0|

2035 I

Transmission to other zones (GW)
0. Reference 6. Alt Flex Res 2040 ‘

- 2045 | 1 I
oregon east % 1 I -
0

: I I I I I — ‘ I
0 6 4 2 2 4 6 8
20 Capacity (GW)
oregon west % 10 M hydro B offshore wind
B hydro, small hydro M solar (rooftop)
0 L .
B gas gen (existing) solar (grid scale)
<t o LN (@] Ln o <t o LN (@] LN o L.
S - S I O - S . B gas CCGT (new, clean) M electricity storage
D gas CT (new, clean)
M new transmission M geothermal
M existing transmission B onshore wind

page 80



2 KF G AT 2
Reliability? (3)

ENERGY
RESEARCH

S [/ 2dz RyQu wS§ &

A Additionalelectrolyzerdoads
drive up total loads versus
the Reference Scenario

AThe result is an overall large
electricity sector in the
Western Zone of Oregon
where flexibility needs are
met with flexibleelectrolyzer
operations and additional
transmission development

Electricity Demand by Scenario (GWh)

0. Reference
6. Alt Flex Res

140K
120K

100K
80
60
40K .

=
= K
>
K
20K
< o < o
[§N m m 'Q!' ﬁ' Ll"l (9N m m ﬂ' ﬂ' Lﬂ
O (@] O (@] O O O o o o o o
[QV [Q\V [QV [Q\V [QV [Q\V QN o N (SN N (SN
B boiler m c-fuels residential
B commercial B clectrolysis h2 B thermal energy storage

B data center B productive B transportation
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Gas Generators Use Very Little Fuel in the Futures? =

EEEEEEE

AHigh value flexibility role on the
SyStem 100

AProviding capacity during periods =
of low renewable output/high o0
loads/low hydro conditions 40
requires low volumes of fuel 0

TBTU

ANew clean gas resources use the
most expensive fuel so use the biofuels

e-fuels

lowest fuel volumes electrolysis h2

gas production

2030

2040

Gas Blend for Electricity Generation

gas supply for existing generators | gas supply for new generators

2050
2030
2040 /
2050 ‘

oil
petroleum refinery

page 82
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Volumes of Gas Delivered to Electricity Generators -
and End Users Declines Over Time

A Gas volumes decline over time
with reductions in MWh of oo
generation from gas turbines and

Percent of 2024 Gas Delivery Volume (Electricity & Direct Use)

electrification of end uses 80%
ASmall amounts of electrolytic so%

hydrogen used in power 40% E—

generation in new clean gas

turbines o i

0% - - s R

ARemaining volumes of direct use 2024 2030 2035 2040 2045 2050

gas fu”y decarbonized with M electrolysis h2 for electricity natural gas for direct use

M biogas for direct use M natural gas for electricity

biogas
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Biofuels are Important to Decarbonize the Low
Volumes of Remaining Fuel Use In 2050

ABiofuels in 2024 consist of wood

Source of Biofuels

burned in residences and biofuel:
In transportation, including HEFA 5 30M

commercial & @ 20M

FAME, and ethanol residential = 1oM

0. Reference

AVolumes in transportation
decrease as the fleet is electrifiec
and emissions from fossil fuels
decrease, but increase in 2050 tg transportation
decarbonize remaining fuel use

industry & ag

2024 2030 2035 2040 2045 2050

A Other sectors consume biogas in :;:;j;z';o;pe”ne " PANE biodese
2045 and 2050 to remove M ethanol blending M other

B existing biomass

emissions from remaining gas us

page 84



Fuels: Imported vs. Produced in OR In Reference\?

and Alternative Scenarios

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

AFuel imports decline as fuel use
declines

AThe majority of clean fuels are
sourced out of state

AlIn-state clean fuel growth from direct
use of electrolysis H2 and hydrogen
liguefaction

Imported versus Oregon Produced Fuels

Zone 0. Reference

400M

)

- o
Imports s
=

200M

oM
400M

oregon

MMBTU

200M

oM

2045

2050

2024 2030 2035 2040

B clean fuels fossil fuel
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Liquid EFuels are Imported from Other States
whereas Hydrogen Gas Is Produced Locally

A Hydrogen prOdUCtS Consumed IT Origin of Hydrogen and Hydrogen Products used in Oregon
Oregon shown on the previous 0. Reference

slide are sources from inside an o
outside of Oregon I
I e

MMBTU

Imports
ALiquid fuels are cheap to import
and efuel liquids are imported
from other states 20M

-]
-
o
=
=

oregon

ALiquified hydrogen and hydroge!

10M
gas are proc_luced Wlth_ln Qrego_n . T . .
and ammonia production is split Null 2024 2030 2035 2040 2045 2050
between instate and outof- ammonia M hydrogen gas
M o-fuels M liquified hydrogen

state production
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Origin of Hydrogen and Hydrogen Products

Consumed in Oregon

AHydrogen consumption in 61151 f Hydrogen and Hycrogen Products Consumed 1 0regon
Oregon is little changed in o
Scenario 6, even though large ¢
numbers ofelectrolyzersare built

AProducts from additional ) o =
electrolyzercapacity are largely ... ¢
exported in the form of ammonia " B I II
to other states ——'. ——'.

mmmmm ia M hydrogen gas

M o-fuels M liquified hydrogen

page 87



RRRRRRRR

Hydrogen Products produced in Oregon includinggwg?
for Export Market

AElectrolyzersuilt in Scenario

6 N Oregon West pI‘OVIde Use of Electrolytic Hydrogen in Oregon gas supply for existing gen
ey mge g_assupplyforngwgen
flexibility to the system B ryarogen auetaction

B bulk chemicals

B haber-bosch

B steel finishing
other

AThey displacelectrolyzer 101
capacity built elsewhere in

the West in the Reference

Scenario that produce )

ammonia for international 4

shipping in West Coast ports I I
A Additional hydrogen : . — .

2030 2035 2040 2045 2050 2030 2035 2040 2045 2050

GWh
=

=

N

N

produced in Oregon exporte..
In the form of ammonia
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Transportation Sector Key Insights

Transportation Electrification is Critical

A Transportation electrification plays significant role in
reducingsystemwide energy demand across all
scenarios, despiteech sector growth

A Early adoption of electric vehicles, including MHDVS,
reduces the costs of decarbonization

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

A Reducing VMT per capita provides significant value but
will require investment

A Low carbon fuels play a strategic role in
decarbonizindransportation and this role increases as
pace of TE slows
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Delaying Electrification of Trucks beyond 2040 is

More Costly

ADelaying when Oregon reaches 100% |
; Difference to Reference (Cumulative NPV $B)
medium and heavyduty ZEV sales

$308B

by 10 yeargto 2050) increases costs B 0. Reference

$258B B 2 Delayed TE

meet targets

&
8 $15B

AEfficiency losses mean total demand & $14B
0.7% higher in 2040 and 0.9% higher <.
in 2050

ATo meet emissions targed)most all
vehicle fuel must be clean by 2050

Cumulat

$5B

$0B =

2024 2030 2035 2040 2045 2050
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Delaying Electrification of Trucks beyond 2040 |s
More Costly

AWithout the MHD ZEV targets |
requ”.ed by the Advanced Cleaﬁﬁz;e;ce to Reference (Cumulative NPV $B)
Trucks rule, costs increase H O Reference

. . $25B Oc. No ACT
significantly

2. Delayed TE
\\More than double Delayed TE

$ZOB

esent Value ($)

o $15B

AEarly adoption of EVs, |nclud|ng~
MHD EVs, is critical for cost =

containment R

ANo ACT is $17B NPV higher over ™~
25 yearS than Delayed TE 2024 2030 2035 2040 2045 2050

o $10B
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Electric Cars Are a Key Part of the Picture S

Average MPGe of Passenger Vehicle Stock
140

" 125 MPGe
2 120 116 MPGe
£
; 100 87 MPGe
2 80
()]
)]
© 60 52 MPGe
(al
Y
S 40 34 MPGe
RS 25 MPGe
S 20
0

2024 2030 2035 2040 2045 2050

A Electric cars deliver huge efficiency gains

A Together with electrification of trucks, responsible for reducing the size of the whole
energy sector by 27% over 2024 loads
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Reducing Vehicle Miles Traveled Saves Money & .

) Diff to Ref C lative NPV $B
AVMT reductions save $22B over 25 ;;che © Reference (Cumulative NPV $8)
years

B 0. Reference

A The Reference Scenario incorporates szss  # 0aNochange invuT

hNB3I2yQa 3J21ft 27 HE? NBRAzZOGAZY Ay _$22B
VMT per capitdy 2050

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

A Will require additional investment
scenario does not account for
anycosts associated witachieving 508
VMT reductions

RS2
N
(@]
o

Cumulative Net Present Value£$)

2024 2030 2035 2040 2045 2050
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Impact on Economywide Energy Demand & =

A Overall energy demands are impac,[qunergy Demand by Fuel in Oregon

by the level of MHDV electrification 0-Reference OcNoACT 2.Delayed TE

A More significant is the impact on fuel
use

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

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

Final Energy Demand (TBTU)

A Additional fuel use increases the

volume of clean fuel needed in the 2024 2035 2050 = 2024 2035 2050 | 2024 2035 2050
|0ng term M H2 & NH3 M steam B gasoline fuel
M biomass B jet fuel B diesel fuel
electricity pipeline gas B other fossil
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Reference Scenario ol
Light Duty Vehicle Sales, Stock, Energy

LDV Sales
0.Reference
100%
A100% zero emissions vehicle 8 son ¥
sales achieved in 2035 0%
LDV Stock

Vehicles

ADrop in energy demand from y
both better drive train efficiency 2 M i
and 20% reduction in vehicle .

miles traveled by 2050 LDV Energy Demand

150

TBTU
=
o
S
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Impact of Delays on Sales, Stocks, and Energy & .

AMedium and heawduty vehicle vy ssies (in buses)
Sales are delayed |n OC NO ACT 0.Reference Oc.No Act 2.Delayed TE
and 2. Delayed TE

100%
\WNo ACT has relatively few sales of zero ~ **

emission vehicles through 2035, MDV/HDV Stock
achieving 100% sales by 2050

Sales

200K
100K

hicles

\WDelayed TE has the same trajectory as>
Reference through 2035, delaying MDV/HDV Eneray
reaching 100% sales from 2040 to 2050 \

AThe impact of the delaysisto &
Increase stocks of internal
combustion engine vehicles,
driving up energy demand

2024
2030
2035
2040
2045
2050
2024
2030
2035
2040
2045
2050
2024
2030
2035
2040
2045
2050

Electric H2 Fuel Cell M Internal Combustion Engine
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Costs: TE Scenarios Difference to Reference

EEEEEEE
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ADelaying when Oregon reaches 100%

medium and heavyduty ZEV sales
by 10 yearsncreases Costs

A Puts more pressure on clean fuels to meet

targets

AhNBI2yQa 321 f
saves $22B NPV over 25 years

ANo ACT is $16B NPV higher over 2
years than Delayed TE

2 T

Cumative Net Present Value

A Shows stock rollover of MHDVS in the
2030s is important for cost containment

$30B

$25B

$20B

WK S

$10B

$5B

$0B

Difference to Reference (Cumulative NPV $B)

0. Reference
B 0a.No change in VMT
B Oc. No ACT
B 2.Delayed TE

+ac

2024

2030

2035 2040 2045 2050
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Energy Reductions from Vehicle Electrification, EfflClency @
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A Vehicle electrification, efficiency, and VMT reductions play an important role in reducing the overall si:
of the future energy system

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

\W20% of the reduction is attributable to the light duty vehicle fleet

\W7% of the reduction is attributable to mediurand heavyduty vehicles

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

Percentage reduction of 2024 Final Energy Demand

Reference Total Final Energy Demand (TBTLTotal 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%
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Transportation Subsector Fuel Consumption by @
Transportation Scenario

Source of Energy in Transportation

AThe transportatlon Scenarlos 0. Reference Oc. No act 2.Delayed TE

Investigate differences in > 150M
. iation o 100M
medium and heawguty T

- EEEEEEEEEE .
vehicles _ eou

|_
\WThe transition to clean energy v 1OOM II II II

50M

across other subsectors is similar = I T I T I T
across scenarios =
MHDV g 100M

ADelays in medium and heavy = o II....III...II....
duty vehicles drives greater 2
need for clean fuels by 2050 2 .y

mmmmmmmmmmmmmmmm
OOOOOOOOOOOOOOOOOO
NNNNNNNNNNNNNNNNNN

W electricity M clean fuel B fossil
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Zero Emission Vehicle Price Sensitivities (1) &

A |ncreaSing uncertainty over time Cost Difference with +/-10% change in ZEV vehicle capital and fixed costs
. . 1500M
A Results are particularly sensitive to some
inputs, e.g., = 1000w
\WFossil fuel costs 2 soom
WVehicle prices S ov - — .
A Example: +10% on clean vehicle and vehic £ ..,
infrastructure costs (EVs and hydrogen)
E _1000M Bo Reference +10pct
A Decarbonization acts as hedge against fue 0 Reference 10pct

prices from volatility in international market: "
but sensitive to zero emission vehicle price

2024 2030 2035 2040 2045 2050
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Zero Emission Venhicle Price Sensitivities (2) &

Delayed TE Case Relative to Referencd (%%

ACost sensitivities of +10% on ZEV ZEV capital and fixed costs)
capital and fixed costs (including vehi  *°
prices, fixed O&M, and installation $5.0 >
costs) relative to Reference remain 540 o
higher than Reference .

2 $3.0
AThe strategy of vehicle electrification §$20
remains cost effective under vehicle | * O

cost changes 1.0

$0.0 >

2024 2030 2035 2040 2045 2050
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Electrification Remains Cost Effective with

Changes in Vehicle Pricing

Difference in Annualized Cost between Delayed

ACost sensitivities of ¥10% on ZEV TE and Reference. Error Bars forl®% ZEV Cost

capital and fixed costs (including i
vehicle prices, fixed O&M, and 514
Installation costs) relative to $1.2
Reference remain higher than < $1.0
Reference ‘%3 ig:

AThe strategy of vehicle electrificatio  so
remains cost effective under vehicle
cost changes -

-$0.2

K

x‘x
_‘_
4

2024 2030 2035 2040 2045 2050
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Flexible Loads Dependent on Customer @ =
Participation in the Future

RRRRRRRR

AThe largest contribution to nemdustrial Non-Coincident Flexible Load by Scenario (GW)
flexible load comes from managed charging in o Reference .
the transportation sector

W
[y

w
o

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

N
Ul

=
Ul

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

=
o

Non-Coincident Flexible Load (GW)
N
(@]

o
Ul

2030 2050 2030 2050

o
o

A Limited participation costs $4B on a )
cumulative NPV basis over 25 years residential

W transport
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Buildings Sector Insights



Buildings Sector Key Model Insights SO

AEnergy efficiency and demand response reduce
the size of future energy systems

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

- ‘*- ” —
AN Sk vy
AN A ANATA L
I~ - T e L .

~ e

i
|
8

ADemand response programs reduce future
capacity and transmission needs

Alncreasing rooftop solar installations reduces

some land use impacts associated with utility
scale solar
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Energy Efficiency, Building Electrification, PV, an(é%) -
DERs Are Important to a LeaStost Pathway

RESEARCH

A Delaying energy efficiency and building Difference to Reference (Cumulative NPV $B)

electrification drives up costs by $17B $308
cumulative NPV over the next 25 years, B 0 Referonce
showing the importance of these 5258 M 1Delayed FE& BE
measures in buildings §$ZOB e o EReLt T
A The higher DER scenario increases costs by $17B

$8B cumulative NPV, but reduces the need § ¢
for grid scale renewables and T&D
infrastructure investment, potentially
easing siting and permitting pressures

$10B

Cumulative Net P

- - voF $4B
A The Limited Demand Response scenario

drives up costs by $4B cumulative NPV $0B
showing the value of customer
participation with new electrified end uses 2024 2030 2035 2040 2045 2050
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Residential Electrification and Energy Efficiency g .-
Mean a Lighter Lift to Meet Energy Demand

RESEARCH

Per Capita Residential Energy Use as Percent of 2024

|_\
(@]
(@]
2

/8%

80%

66%

100%
0
57% 539%

I :

2024 2030 2035 2040 2045 2050

60%

40%

20%

Percentage of 2024 Energy Use

0%

A Electrification of space and hot water heating are the biggest drivers of energy savings
AhGKSNI STFAOASY O AYLINRO@SYSyiGa FTNRBY 6SIFOGKSNRT I GA

A Commercial and industrial efficiency improvements further drive down demand
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As the Electricity Sector Grows, So Do @
Opportunities for Consumers

Non-Coincident Flexible Load

ADemand response programs reduce future et
capacity and transmission needs T

=
o)

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

=P
o N R

Non-Coincident Flexible Load (GW)

0.8
periods e
Reducing peak demands on the grid displaces the mos ¢ " e
: 0.2
expensive future energy resources i -
Limiting demand response in the model results in o o
. B commercial
more west side storage oeidential
[ | Uanspon

ARooftop solar reduces land use impacts in
eastern Oregon
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Delaying Energy Efficiency and Building D =
Electrification Increases Fuels and Electricity Use

RRRRRRRR

A I ncreased gas use Difference in Energy Demand by Fuel in Oregon
1.Delayed EE & BE
AReduced electricity use S .
ATotal energy\demand 2% higher in 2 cow .
2030 and 6% higher in 2050 ST 4o
Alncreases cost by $17B net present 5 S 20% =
value % 0.0% =
ATransition from fossil to clean may 5 2% - .
need to happen more gradually than 2024 2030 2035 2040 2045 2050
Shown B cleangas W fossil liquids
B cleanliquids B steam production
fossil gas electricity

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

Residential Space Heating

ASHP M Electric Resistance
M ASHP Hybrid M Geothermal
M Cordwood Stoves M Fossil Fuel

AFuel switching to electric heat ... space vearinesares
pumps drives down overall - 0.Reference 1.Delaved EE & BE
energy demand 50% - -

0%

Residential Space Heating Stock

Percent of
Sales

A65% airsource heat pump
(ASHP) sales by 2030 and 90%

oM
AWOOd burr"ng Stoves Residential Space Heating Energy Demand
supplemented with hybrid =
systems : .
M Electricity M Wood M Fossil Fuel
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Reference Scenario
Commercial Space Heating

EEEEEEE
EEEEEE
RRRRRRRR

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

ALarge commercial (50% of buildings):

¥ 15% ASHP, 10% electric + hybrid by 2030
¥ 50% ASHP, 40% electric + hybrid by 2040
AElectricity demand doubles with

60% reduction in overall energy use
by 2050
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