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A Transformational rather than incremental
change

A Aggressive action needed across all energy
sectors

A Many options to get there
Process designed to find the best path forward for

2 L aKAY3IG2y {01 0SQa LINA R0ER: 95vDalow 1990
o Equity, affordability, reliability, competitiveness

A Building on a foundation of past studies and

Emissions targets for
State Energy Strategy:

2020: 1990 levels
2030: 45% below 1990
2040: 70% below 1990

2050: Net zero

efforts in other states




Approach to Modeling Decarbonized Energy Supply

A ExploreK2¢g 2| aKAy3az2zy OFy | OKAS@®S RSS
sectors to meet the emissions targets

A Conservativeassumptions about existing technologies and cost projections
from public sources

A Modeling determines optimal investmenin resources with leastost,
constrained by scenarios that balance different state objectives

A Decarbonizing energy supplyelectricity, pipeline gas, liquid fuels

A I\/Iodels Integrated electricity and fuels systems that extend beyond
2 - a KA Y 3O 2y eapturé rdiRabdpdortunities and challenges




Investigate State Strategy through DDP Modeling:
Three Framing Questions

A Where are we now?
2 K Aad GKS OdzNNByYyOd adlidsS 2F 21 aKAy 3

A Where do we want to go?
2 KIgd FNB 2FaKAy3Idz2yQa Y24l RSaANrof S

A How should we get there?
What policies and actions get us to where we want to go?




Where Are We Now?

What does the energy system look like today and what will shape it going forward?

Washington and WECC current energy resourc Existing Washington policies and targets throug

and infrastructure 2030 and 2050

U  Stockof all energy producing and consuming

technologies o Utility resource plans

i Patternsof energy consumption u  Energy code strategy

U Final energy demand of fuels and electricifigross the u Energy Independence Act
economy

i WA and WECC electricity system i Appliance standards

U Transmission between Washington, neighboring states, i Power plant emission standards
and beyond

0 Fuel prices and sources o Clean Energy Transformation Act
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Where Do We Want to Go?

Translate State objectives and potential policy pathways into constrained scenarios

Investigating policies & uncertainties

A What is the best future we can envision for the . .
through scenario analysis

state?
Balance of different, often competing objectives 24 ) 100% clean electricity grid

A Equity, affordability, reliability, competitiveness

Alternative least cost pathways examining different priorities { Electrification of demand

A Understanding the tradeoffs side equipment

How much does one pathway cost versus another? Examples for illustration only
A Counterpoint for policymakers and stakeholders

Provides a target for nederm policy and action design to hit ﬁ Constrained resource

potentials
A Understanding the uncertainties

How does an uncertain future impact our decisions? f

Behavior changes that
lower service demands




How Should We Get There?

A By targeting favorable futurpathwayswe candevelop and prioritize neaterm policies and
actions

A Targets are not prescriptive, but provide the best guidance given current information and

uncertainties
Common elements deployed 2020n0onY ay 2 NBINBGAEE
Replace or avoid lonlyved resources
Early action on long leaiime or hard to achieve energy transformations

At2ftA0e RSOSt2LIYSYyd OKIFIG FlIr@g2NB 2l aKAy3dzy
Equity, affordability, reliability, competitiveness
Aal 26 aKz2dzZ R ¢S IS0 UKSNBKE y20 FRRNBaasSH
Inform development of the Washington State Energy Strategy
Leastcost energy system planning, and policy/action design complement one another




State Targets



Clean Energy Transformation Act (CETA)

CETA Requirements CETA Implementation in the Model*

A 2025: Eliminate codired electricity from A 2025: Retire all WA coal contracts
state portfolios A 2030: Constrain delivered electricity generatipn
A 2030: Carbon neutral electricity, >80% clean serving WA |oads to be 80% or more from cl¢an
electricity with up to 20% of load met with sourees . .
alternative compliance: Accounting on retail sales rather than productign,

l.e., losses are not included

Alternative compliance payment _ o
A 2030: Constrain the remaining 20% to come

Unbundled renewable energy certificates,

including thermal RECs from nondelivered RECs
Energy transformation projects IBinear transition to 100% delivered clean energy
2045
Spokane municipal solid waste incinerator, if Y _ o
results in net GHG reduction A 2045: 100% delivered clean electricity
: o - Accounting on all electricity production for in
A 2045: 100% renewable/neamitting, with state consumption, i.e., losses are included

no provision for offsets Fossil generation can supply eoftstate load

*Model assumptions on implementation developed prior to rulemaking and not indicative of final implementation




CETA Renewable Energy Credit Accounting in the Model

A Implementation of delivered clean electricity (delivered RECs)*

Investments in new clean energy resources are specified, and only
delivered MWhs to WA loads count towards CETA delivered energy

compliance
Delivered RECs included in hourly system balancing

Available transmission required for delivery

A Implementation of nondelivered RECs*

Accounting on an annual basis: WA requires clean energy credits equal to
non-delivered portion of energy compliance each year

No hourly delivery or transmission required

*Model assumptions on implementation developed prior to rulemaking and not indicative of final implementation




West Wide RPS/CES Targets

Reference Case

2030 2035 2040 2045 2050

Arizona 6% 15% 15% 15% 15% 15% 15%
California 33% 60% _
Colorado 30% 30% 30% 30%

ldaho None
Montana 15% 15% 15% 15% 15% 15% 15%
Nevada 22% 25% 50%
New Mexico 20% 50%
Oregon 20% 35% 50% 50% 50%
Utah 20% 20% 20% 20%
Washington _
Wyoming None

% | EvoLveD
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Washington 1990 Emissions Inventory

100
%0 Az2laKAy3a2yQa wmdpdn DI BOSSMANEG & A 2
S metric tons
80
A Energy and industry related G@missions represent ~87% of all
e emissions
S 60 CQ emissions fronelectricity generationwere from coal,
S Transportation [JEEE=NTEER representing 19% of total emissions
2 industry €Q Transportation (42%), RCI (20%), and Industria 630) make
ﬁg 40 up the remainder of energy and industry related. @nissions
Y Residential/Com Non-CQ emissions (13%) make up the remainder
ercial/Industrial
(RCI) A Washington starts from a smaller share of emissions from
0 e electricity than other states because of the large hydro electric
10 - fleet producing clean energy
Non-CO2
0

Notes Industrial C@includes industrial process emissions not from fuel combustion;@Gremissions
includes agriculture, waste management, and industrial-Q@® emissions
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Washington Emissions Targets

. Washington Emissions Targets A Washington established econorwide emissions

goals of net zero and 95% reduction in gross

2018 | . emissions by 2050
Inventory Washington Emissions Targets
100 In line with IPCC targets
- ectricity . . .
= 80 95% gross emissions reductions target is
@ independent of lanebased emissions reductions
3 50 Emissions reductions possible in renergy and
= non-CQ sources are uncertain and need more
2 ® 45% below 1990 levels research to develop reduction measures
= Transportation o "o .
w40 A We assume that the limited land use mitigation
o helow 1990 level potential will offset the emissions from this category
RC] 0 below evels
. . A Target for the energy sectoilet zero by 2050
Industrial Process CO2 95% below 1990
levels and net zero
Non-CO2 o
0
2018 2020 2030 2040 2050
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Emissions Targets by Year

Million Metric Tons Starting target of 76 MMT: ~50% reduction in energy

Forecasted from latest WA COVIB19 drops emissions emissions over 10 years
non-CQ inventory using below this target

EPA growth rates

Economy wide C®
Incremental CQ Energy and Target to reach
Year Non-CQ/Non-Energy Emissions Land Sink industry statewide GHG limits

1990 0.00 90.5

2020 14.5 0.00 90.5

2025 12.8 -0.75 70.1

2030 11.1 -1.50 49.8

2035 9.5 -2.25 38.5

2040 7.8 -3.00 27.2

2045 6.2 -3.75 13.6

2050 ~ 45, =~ -45 0.0
5% gross emissions from % Non-CQ emissions reductions
non-C, 100% offset by significant but uncertain and Net zero target in
incremental land sink requires future research energy and industry

% | EvoLveD
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2030: The Energy Emissions Challenge

The DDP modeling analyzes how the CO2 energy and industry emissions targets can be met

Washington Energy and Industry Emissions Targets
90

A 2030 emissions target for energy and

80 . Industry less than half of 2018 emissions
E|ectricity76 v 40 MMT assumes linear decreases in4@@ emissions
70 and linear increases in incremental land sink through to

2050

A2l aKAay3azyQa St SOGN
very clean: Early emissions reductions

[e2]
o

40 MMT:53% reduction over 2018

Emissions CO2e (MMT)
a1
o

0 ® cheray and industry CO2 emissions are reqUWGd from actions in other

30 Transportation sectors to meet the 2030 target

% - A The 2030 challenge: How to cut
. emissions in half in 10 years?

w0 Electricity

0 Industrial CO2 ® 0 MMT

2018 2020 2030 2040 2050




Options and Obstacles to Reaching 2030 Targets

Emissions Reductions to Meet 2030 Target A Decarbonizing all electricity generation from 2018 leaves
90 28.6 MMT to decarbonize (40% of remaining emissions)

A What are the options?

Energy EfficiencyReduce energy use through more efficient
appliances, processes, and vehicles

Electrification Electrify end uses and supply with clean electricity
Decarbonize fuelsDisplace primary fossil fuel use with clean fuel

A What are the obstacles?
Efficiency and electrification require new demaside
technology investments

A Dependent on customers replacing inefficient technologies with efficient
and/or electrified options

: AS5SLISYRSyldl 2y &aG201 NBtf20SNY ! Od
RCI replace it the next year with an electric one

Decarbonized fuels require bio or synthetic fuels technologies
that have yet to be deployed at scale
2018 Decarbonize Other solutions2030 Emissions

2018 electricity Limits to what can be achieved in 10 years
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WestWide Emissions Targets

States without targets follow trajectory for 80% economy wide emissions reductions in decarb cases

Reference Case Decarbonization Cases

Year 2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050

Arizona

California

Colorado
Idaho

Montana

Nevada

New Mexico

Oregon

\Washington

\Wyoming

% | EvoLveD
page 19 SUIESS




Scenario Descriptions



Scenario Descriptions and Implications

Scenario Summary Key Question Policy Mandates

Reference Business as usual Assumes current policy is implemented and no emissions target No constraints on
emissions.
Electrification Investigates a rapid shift to electrified end  What if energy systems achieved aggressive electrification and
uses aggressive efficiency, and relatively unconstrainestate and out
of-state technology were available?
Transport Fuels Investigates reaching decarbonization What alternative investments are needed when larger quantities of
targets with reduced transportation primary fuels remain in theconomy?
electrification
QNI Investigates reaching decarbonization What is the difference in cost of retaining gas appliances in Meets 2050 net
targets by retaining gas use in buildings buildings? zero emissions
target

Constrained Investigates a future that limits potential for What alternative investments in istate resources would
Resources transmission expansion into Washington Washington make if transmission expansion is limited due to
siting/permitting challenges?

REWEW MO E[EI] Investigates how lower service demands What if policydriven or natural behavior changes (i.e., more
could impact decarbonization telecommuting post COVIIO) lower service demands?

S EVOLVED
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Scenario Summary

Scenario Assumptions

Reference (R)

Electrification (E) | Transport Fuels (TF) Gas in Buildings Constrained Behavior Change
(€13)) Resources (CR) (BC)

Clean Electricity Policy
EconomyWide GHG Policy

Buildings: Electrification

Buildings: Energy Efficiency
Transportation: LighiDuty Vehicles

Transportation: Freight Trucks

Industry

Service Demand Reductions

Resource Availability

CETA: Coal retirements 2025; 100% carbon neutral 2030 (with alternative compliance); 100% RE 2045

None Reduction below 1990: 45% by 2030; 70% by 2040; 95% and net zero by 2050
AEO Fully electrified appliance sales in most sub Gas applllances Fully electrified appliance sales in most sub
replaced with new
sectors by 2050 sectors by 2050
gas sales
AEO Sales of high efficiency tech: 100% in 2035
AEO 100% electric sales 75% electric sales 100% electric sales by 2035
by 2035 by 2045
i 0 0 I 0,
AEO Same as GB, CR, a! Half the electric HDV longhaul: 25% e.lectr:)c, 75% hydrogen sales by 2045
BC Cases sales/no h_ydrogen HDV shorhaul: 100% (_electrlc sales by 2045
adoption MDV: 70% electric sales by 2045
AEO Generic efficiency improvements over Reference of 1% a year; fuel switching measures;
75% decrease in refining and mining to reflect reduced demand
Baseline service demand informed by AEO VMT by 2050: 29%
LDV, 15% MDV/HDV
15% Com, 10% Res
NREL resource potential; 6 GW of additional transmission potential per path; Washington: No Same as R. E. TE

SMRs permitted new TX and GB Cases

% EVOLVED
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Structure of results

A The results are structured as follows:

Economywide GHG emissiong€missions reductions by fuel to reach net zero by
scenario

Energy demandhow energy demand evolves over time under the assumptions in
each scenario

Supply sideinvestments in and operations of electricity and fuels supply
A Electric and fuels sector metricshow the scale and rate of change required
A Grid balancing and the integration of electric and fuels sectors

Costs:Comparison of decarbonization scenario costs and the Reference Scenario
Key Findingstmplications of decarbonization overall and by sector




CQ Emissions by Scenario

Similar emissions profile to achieving net zero in energy by 2050 across scenarios

— Product and bunkering GO — : :
Emissions levels by fuel typg¢ | nrovide negative emissions in Similar trajectories as end use demand
remain relatively constant in accounting drives reductions in gas use while liquid
Reference Case fuels are decarbonized

Run Name / Year

Tranport Fuels Gas in Buildings Behavior Change Constrained Resources

Reference ectrification

80
70
Coal

— B0 .
= Diesel,
£ 50 Gasoline,
S 40 Jet Fuel
wn
£ 30 Natural Gas
o
o 20
|

Residual Fuel Oil
Product and

[N
(@]

‘AHNEEEEEER | - BEBEEN Bunkering Co
*Emissions offset for CO2
S22 2923288¢% x 2 288 QR Y OlLiGAER 1y Lnek
o O O O o O o O O o O o O O O O o O responsibility,i.e. portion of
NN Al A NN NN N NN NN NN N international shipping emissions

- EVOLVED
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Total Gross Emissions: Reference vs Electrification Scenarios

Emissions reduction shown by sector

Emissions targets
relative to 1990
levels

Emissions (MMT CO2e)

120

Non-energy reductions
Drop between 2018 assumed in
and 2020 due to decarbonization cases
Covidl9

Washington Histqrical and Projected Gross Emissions
Historical Emissio Projected Emi

Reference Scenatri

- e -G a» a» an
: _——"-_ - e\ -
- -

Transport

Industry

Electrification Sce

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Incremental
biological or

geological
sequestration
measures assumed t
offset remaining non
energy emissions in
2050

0]
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Demand Side



Final Energy Demand
Electrification and efficiency drive lower total energy demand

COVID10% drop in
demand in 202@ue
to COVID impact

1,60

1,400

800 @
600

400

Final Energy Demandgtu)

1,200 | Gasoline Fuel

1,000 Jet Fuel

_-_-"7 —_———

, I

Electrification:90% growth
in electricity sectorover
2020 levels, displacing fue

Reference lectrification

Behavior: Fewer

Transport Fuels:
Demand forfuels
remains in 2050

BuildingsHigher

S

demand for gaslue demand lower
to less electrification

energy servicedrive

Transport Fugls Gas in Buildings

Behavior Change

Jet Fuel

2020 2030 2040 20502020 2030 2040 20502020 2030 2040 20502020 2030 2040 20502020 2030 2040 2050

u Diesel Fuel
Gasoline Fuel

= Jet Fuel = Electricity
B Pipeline Gas B Steam

= QOther = Hydrogen
B Bjomass B Residual Fuel Oil

% | EvoLveD
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Final Energy Demand: Electricity

Electricity use in all decarbonization scenarios grows significantly

Decreased electrification reduces

between cases

and buildings

;I'ranspodr_tﬁeIectr_lflcatlon electricity need in buildings Behavior change drives
argest diflerentiator relative to Electrification Scenarip | lower demand in transport

Behavior Change

Reference Electrification Transport F Gas in Buildings

550
500
450
400

350

Final Energy Demand:
Electricity Tbtu)

250 Industrial Industrial Industrial Industrial
200
100

50  Residential Residential Residential Residential Residential

2020 2030 2040 20502020 2030 2040 2050/2020 2030 2040 20502020 2030 2040 20502020 2030 2040 2050

page 29
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LightDuty Vehicles: BEVs are Key to Lower Energy Demands

Lower energy demands reduce the need for investment in clean energy technologies to meet net zero

100%
80%

609%
Reference

40%

20%
0%
100%

80%

. 60%
Electrification

40%
20%

0%
100%

80%

Transport 60%
Fuels 40%
20%

0%

Sales Share
% units sold per year

2020 2025 2030 2035 2040 2045 2050

Projected Sales, Stock, and Final Energy Demand

Electric

Electric

Stock
Vehicles on the road

Electric

2020 2025 2030 2035 2040 2045 2050

Final Energy Demand
TBtu

Electric

2020 2025 2030 2035 2040 2045 2050

73% of vehicles are
ICE in 2030 in the
Electrification Case

Electrification Case
final energy demanc
for fuelsremains
high in 203074% of
Reference in 2030

., | EvoLveD
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HeavyDuty Vehicles: Hydrogen Demand in Long Distance by 2050

Adoption of hydrogen in lonrgaul and electric in long and shédraul drives changes in demand

Reference

Electrification

Transport Fuels

100%

80%

60%

40%

20%
0%
100%

80%

60%

40%

20%
0%
100%

80%

60%

40%

20%
0%

Projected Sales, Stock, and Final Energy Demand

Sales Share

% units sold per year

Electric

Electric

2020 2025 2030 2035 2040 2045 2050

60,000

40,000

20,000

60,000

40,000

20,000

60,000

40,000

20,000

0

Stock
Units

Electric

Electric

2020 2025 2030 2035 2040 2045 2050

Final Energy Demand
TBtu

2020 2025 2030 2035 2040 2045 2050
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Residential Space Heating
More efficient home heating is driven by adoption of more efficient and/or electrified technologies

2030 Challenge: Delay in Significant reductions in energy Fuel use for heating can be
stock rollover turning sales demand by 2050 due to served by fossil or clean fuel
into stock and energy changes efficiency and electrification alternatives
Scenario
Reference Electrification Gas in Buildings

g Egg = 18% B |16%  cgos| B 113% \ 4004

L=R

g 80.0 B 2 U Il e

@ 70.0

0O 600

= 500

O 400

L 300

o 20.0

N D

LL

20202025 2030 2035 2040 2045 20502020 2025 2030 2035 2040 204520502020 2025 2030 2035 2040 2045 2050
= Diesel Fuel = Electricity = PG = Pipeline Gas = Qther

., | EvoLveD
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Behavior Change: Transportation

29% percent reduction in sales

: of fuels and electricity vs.

A _VMT re_ductlons . Example: Final Energy Demand from LDty Autos | Electrification Case by 2050
INnCreasing over time

29% in “gh_-lduty . Electrification Behavior Chynge
vehicles by 2050

15% in mediumand
heavyduty vehicles by 80
2050

A 2030 reductions are
modest and provide
little help to solving
the 2030 Challenge

Are there more

aggressive behavior
change measures that 10
can happen faster? 0

S0

/70

60

50

40

30

Final Energy Demand (TBtu)

20

2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050

Year Year




Behavior Change: Residential and

A Package of service demand
measures for residential and 400
commercial sectors S350

. om
Reductions for several subsectors, 11:; 300
Including air conditioning, heating, 5

@
lighting, and water heating § =0
) . 200
A Service demand measures achieved

7% overall reduction by 2050 in thef "

Commercial

Electrification Behavior Change

residential and commercial sectors & **°
2% reduction in 2030 >0 I
2020 2030 2040 20502020 2030 2040 2050
® Pipeline Gas ® Biomass Gasoline Fuel ® Steam

® Electricity ® Diesel Fuel ® Residual Fuel Oil = Other
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Electricity Capacity in Washington

Washington relies heavily on imports of clean energy so capacity builds stay relatively flat

Similar builds across :
CG 0& o Constrained Resource Case
S not extended. decarbonization cases other

costs too high compared : builds offshore wind and more
10 alternatives than Constrained Resource Case solar to compensate for lost TIX

14

Capacity

Reference Electrification Transport Fuels Gas in Buildings Behavior Change Constrained Resources

Relatively little | o

growth in 5
capacity due ta jz
Signiﬁcantly 40 Offshore Wind
increased - Onshore Wind
imports = . Battery Storage
25 Coal
20 Other Resources
15 Nuclear
10 Pumped Hydro
5 Hydro

(=

2020 2030 2040 20502020 2030 2040 20502020 2030 2040 20502020 2030 2040 20502020 2030 2040 20502020 2030 2040 2050
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Capacity Additions in Washington and the Northwest

Washington part of a larger integrated electricity system

Wind-dominant system Lower forecasted costs
complements solar drive large offshore wing
resource of the Southwest resource by 2050

WA Capacity Additions

Reference lectrification Transport Fuels | Gas in Buildings | Behavior Change Limited Resourcg
1/ 30
11 GWs of gas capacity _ B _
ad_dltl_ops.prowde S /_-EN ___EE  _===
re“ab'“ty in the NW Capacity Additions (incliding Washington)

Northwest, operated

at low capacityfactors.
Deminimusgas use in
Washington, used only
for rare reliability
events

200

150

Capacity Additions (G\W)

. Battery Storage
B o — Offshore Wind
| m _ m Combustion Turbine
II II — I - I Combined Cycle Gas Turbir
il il il il
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Generation and Load in Washington

Increases in imports provide clean energy for expanding electricity sector

Imports provide 43% of Growth in clean electricit
Growing reliance electricity in Electrification in Constrained Resource
on clea?] imports Case by 2050 case due to offshore wind
to meet load
growth, CETA, and
emissions goals Thermal

Doubling of 202(

load by 2050,
including new /
flexible loads

(electrolysis,
boilers)

=

Gas exports not prohibited und€ETAut model assumes emissions count towards state inventory in decarbonization cases
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