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Introduction
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ÅTransformational rather than incremental 
change

ÅAggressive action needed across all energy 
sectors

ÅMany options to get there
Process designed to find the best path forward for 
²ŀǎƘƛƴƎǘƻƴ {ǘŀǘŜΩǎ ǇǊƛƻǊƛǘƛŜǎ

o Equity, affordability, reliability, competitiveness

ÅBuilding on a foundation of past studies and 
efforts in other states

Emissions targets for 
State Energy Strategy:

2020: 1990 levels 
2030: 45% below 1990 
2040: 70% below 1990
2050: 95% below 1990
2050: Net zero



Approach to Modeling Decarbonized Energy Supply
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ÅExploresƘƻǿ ²ŀǎƘƛƴƎǘƻƴ Ŏŀƴ ŀŎƘƛŜǾŜ ŘŜŜǇ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ  ŀŎǊƻǎǎ ŀƭƭ ŜƴŜǊƎȅ 
sectors to meet the emissions targets

ÅConservativeassumptions about existing technologies and cost projections 
from public sources

ÅModeling determines optimal investment in resources with least-cost, 
constrained by scenarios that balance different state objectives

ÅDecarbonizing energy supplyτelectricity, pipeline gas, liquid fuels

ÅModels integrated electricity and fuels systems that extend beyond 
²ŀǎƘƛƴƎǘƻƴΩǎ ōƻǊŘŜǊǎ ǘƻ capture regional opportunities and challenges



Investigate State Strategy through DDP Modeling:
Three Framing Questions

ÅWhere are we now?
²Ƙŀǘ ƛǎ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘŀǘŜ ƻŦ ²ŀǎƘƛƴƎǘƻƴΩǎ ŜƴŜǊƎȅ ǎȅǎǘŜƳΚ

ÅWhere do we want to go?
²Ƙŀǘ ŀǊŜ ²ŀǎƘƛƴƎǘƻƴΩǎ Ƴƻǎǘ ŘŜǎƛǊŀōƭŜ ǇŀǘƘǿŀȅǎ ǘƻ ƳŜŜǘƛƴƎ ŜƳƛǎǎƛƻƴǎ ƎƻŀƭǎΚ

ÅHow should we get there?
What policies and actions get us to where we want to go?
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ü Stock of all energy producing and consuming 
technologies

ü Patternsof energy consumption

ü Final energy demand of fuels and electricity across the 
economy

ü WA and WECC electricity system

ü Transmission between Washington, neighboring states, 
and beyond

ü Fuel prices and sources

Where Are We Now?

Washington and WECC current energy resources 
and infrastructure

Existing Washington policies and targets through 
2030 and 2050

ü Utility resource plans

ü Energy code strategy

ü Energy Independence Act

ü Appliance standards

ü Power plant emission standards

ü Clean Energy Transformation Act
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What does the energy system look like today and what will shape it going forward?



ÅWhat is the best future we can envision for the 

state?

Balance of different, often competing objectives

ÅEquity, affordability, reliability, competitiveness

Alternative least cost pathways examining different priorities

Å Understanding the tradeoffs

How much does one pathway cost versus another?

ÅCounterpoint for policymakers and stakeholders

Provides a target for near-term policy and action design to hit

Å Understanding the uncertainties

How does an uncertain future impact our decisions?

Where Do We Want to Go? 

100% clean electricity grid

Constrained resource 
potentials

Electrification of demand 
side equipment

Behavior changes that 
lower service demands

Investigating policies & uncertainties 
through scenario analysis

Examples for illustration only
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Translate State objectives and potential policy pathways into constrained scenarios



How Should We Get There? 

Å By targeting favorable future pathwayswe can develop and prioritize near-term policies and 
actions

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

Common elements deployed 2020-нлолΥ άƴƻ ǊŜƎǊŜǘǎέ
Replace or avoid long-lived resources
Early action on long lead-time or hard to achieve energy transformations

Å tƻƭƛŎȅ ŘŜǾŜƭƻǇƳŜƴǘ ǘƘŀǘ ŦŀǾƻǊǎ ²ŀǎƘƛƴƎǘƻƴΩǎ Ǝƻŀƭǎ
Equity, affordability, reliability, competitiveness

Å άIƻǿ ǎƘƻǳƭŘ ǿŜ ƎŜǘ ǘƘŜǊŜΚέ ƴƻǘ ŀŘŘǊŜǎǎŜŘ ƛƴ 55t ƳƻŘŜƭƛƴƎΣ ōǳǘ ƻǳǘǇǳǘǎ ƻŦ ƳƻŘŜƭƛƴƎ 
inform development of the Washington State Energy Strategy

Least-cost energy system planning, and policy/action design complement one another
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State Targets



Clean Energy Transformation Act (CETA)

Å 2025: Eliminate coal-fired electricity from 
state portfolios

Å 2030: Carbon neutral electricity, >80% clean 
electricity with up to 20% of load met with 
alternative compliance:

Alternative compliance payment
Unbundled renewable energy certificates, 
including thermal RECs
Energy transformation projects
Spokane municipal solid waste incinerator, if 
results in net GHG reduction

Å 2045: 100% renewable/non-emitting, with 
no provision for offsets

CETA Requirements

Å 2025: Retire all WA coal contracts

Å 2030: Constrain delivered electricity generation 
serving WA loads to be 80% or more from clean 
sources

Accounting on retail sales rather than production, 
i.e., losses are not included

Å 2030: Constrain the remaining 20% to come 
from non-delivered RECs

Linear transition to 100% delivered clean energy 
by 2045

Å 2045: 100% delivered clean electricity
Accounting on all electricity production for in 
state consumption, i.e., losses are included
Fossil generation can supply out-of-state load

CETA Implementation in the Model*

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



CETA Renewable Energy Credit Accounting in the Model
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Å 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

Å Implementation of non-delivered 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

OOS Renewable MW output over several days
*Model assumptions on implementation developed prior to rulemaking and not indicative of final implementation



West Wide RPS/CES Targets
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Reference Case

Year 2020 2025 2030 2035 2040 2045 2050

Arizona 6% 15% 15% 15% 15% 15% 15%

California 33% 60% 87% 100% 100%

Colorado 30% 30% 30% 30%

Idaho None

Montana 15% 15% 15% 15% 15% 15% 15%

Nevada 22% 25% 50% 75% 100%

New Mexico 20% 50% 80% 100% 100%

Oregon 20% 35% 50% 50% 50%

Utah 0% 20% 20% 20% 20% 20% 20%

Washington 12% 80% 100% 100%

Wyoming None
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Washington 1990 Emissions Inventory

9Ƴƛǎǎƛƻƴǎ ¢ŀǊƎŜǘǎ {Ŝǘ .ŀǎŜŘ ƻƴ ǘƘŜ {ǘŀǘŜΩǎ мффл DID CƻƻǘǇǊƛƴǘ
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Energy and 
Industry CO2

Notes: Industrial CO2 includes industrial process emissions not from fuel combustion; non-CO2 emissions 
includes agriculture, waste management, and industrial non-CO2 emissions

Å ²ŀǎƘƛƴƎǘƻƴΩǎ мффл DID ŜƳƛǎǎƛƻƴǎ ŦƻƻǘǇǊƛƴǘ ǿŀǎ 90.5 million 
metric tons 

Å Energy and industry related CO2 emissions represent ~87% of all 
emissions

CO2 emissions from electricity generation were from coal, 
representing 19% of total emissions

Transportation (42%), RCI (20%), and Industrial CO2 (6%) make 
up the remainder of energy and industry related CO2 emissions 

Non-CO2 emissions (13%) make up the remainder 

Å Washington starts from a smaller share of emissions from 
electricity than other states because of the large hydro electric 
fleet producing clean energy



Washington Emissions Targets
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Å Washington established economy-wide emissions 
goals of net zero and 95% reduction in gross 
emissions by 2050

In line with IPCC targets

Å Implementation of emissions goals:

95% gross emissions reductions target is 
independent of land-based emissions reductions

Emissions reductions possible in non-energy and 
non-CO2 sources are uncertain and need more 
research to develop reduction measures

ÅWe assume that the limited land use mitigation 
potential will offset the emissions from this category

Å Target for the energy sector: Net zero by 2050
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Washington Emissions Targets

1990 Levels: 8.5% reduction from 2018

95% below 1990 
levels and net zero

45% below 1990 levels

70% below 1990 levels

Washington Emissions Targets
2018 

Inventory



Emissions Targets by Year
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Million Metric Tons

Year Non-CO2/Non-Energy Emissions

Incremental 

Land Sink

CO2 Energy and 

industry

Economy wide CO2

Target to reach 

statewide GHG limits
1990 11.4 0.00 79.2 90.5

2020 14.5 0.00 76.0 90.5
2025 12.8 -0.75 58.1 70.1
2030 11.1 -1.50 40.1 49.8
2035 9.5 -2.25 31.2 38.5
2040 7.8 -3.00 22.3 27.2
2045 6.2 -3.75 11.2 13.6
2050 4.5 -4.5 0.0 0.0

Forecasted from latest WA 
non-CO2 inventory using 
EPA growth rates

5% gross emissions from 
non-CO2, 100% offset by 
incremental land sink

Net zero target in 
energy and industry

Starting target of 76 MMT: 
COVID-19 drops emissions 
below this target

~50% reduction in energy 
emissions over 10 years

Non-CO2 emissions reductions 
significant but uncertain and 
requires future research



2030: The Energy Emissions Challenge 
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The DDP modeling analyzes how the CO2 energy and industry emissions targets can be met
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Washington Energy and Industry Emissions Targets

76 MMT

40 MMT: 53% reduction over 2018 
energy and industry CO2 emissions

22.3 MMT

0 MMT

Å 2030 emissions target for energy and 
industry less than half of 2018 emissions

40 MMT assumes linear decreases in non-CO2 emissions 
and linear increases in incremental land sink through to 
2050

Å²ŀǎƘƛƴƎǘƻƴΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊ ƛǎ ŀƭǊŜŀŘȅ 
very clean: Early emissions reductions 
are required from actions in other 
sectors to meet the 2030 target

Å The 2030 challenge: How to cut 
emissions in half in 10 years?

Electricity



Options and Obstacles to Reaching 2030 Targets
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Emissions Reductions to Meet 2030 Target

Electricity

Transportation

RCI

Industrial CO2

Å Decarbonizing all electricity generation from 2018 leaves 
28.6 MMT to decarbonize (40% of remaining emissions)

Å What are the options?
Energy Efficiency: Reduce energy use through more efficient 
appliances, processes, and vehicles

Electrification: Electrify end uses and supply with clean electricity

Decarbonize fuels: Displace primary fossil fuel use with clean fuel

Å What are the obstacles?
Efficiency and electrification require new demand-side 
technology investments
Å Dependent on customers replacing inefficient technologies with efficient 

and/or electrified options

Å5ŜǇŜƴŘŜƴǘ ƻƴ ǎǘƻŎƪ ǊƻƭƭƻǾŜǊΥ ! ŎǳǎǘƻƳŜǊ ǿƛǘƘ ŀ ƴŜǿ L/9 ǾŜƘƛŎƭŜ ǿƻƴΩǘ 
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

Limits to what can be achieved in 10 years



West-Wide Emissions Targets
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Reference Case Decarbonization Cases

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

Arizona
None

60 34.4 8.8

California
340 211 70.3 0 0

340 211 70.3 0 0

Colorado
95 47 23.2 -0.6

95 47 23.2 -0.6

Idaho
None

8.7 14.1 4.3 2.1

Montana
None

25 15.6 5.4 2.6

Nevada 45 26.7 9.1 0.3 45 26.7 9.1 0.3

New Mexico 60 30.5 10.2 0 60 30.5 10.2 0

Oregon
55 35.7 12.8 6.2

55 35.7 12.8 6.2
None

41.3 24.4 7.6

Washington
None

75.3 39.6 27.2 0

Wyoming
None

43 25.5 7.9

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



Scenario Descriptions
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Scenario Descriptions and Implications
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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 

uses 

What if energy systems achieved aggressive electrification and 

aggressive efficiency, and relatively unconstrained in-state and out-

of-state technology were available?

Meets 2050 net 

zero emissions 

target

Transport Fuels Investigates reaching decarbonization 

targets with reduced transportation 

electrification

What alternative investments are needed when larger quantities of 

primary fuels remain in the economy? 

Gas in Buildings Investigates reaching decarbonization 

targets by retaining gas use in buildings

What is the difference in cost of retaining gas appliances in 

buildings?

Constrained 

Resources

Investigates a future that limits potential for 

transmission expansion into Washington

What alternative investments in in-state resources would 

Washington make if transmission expansion is limited due to 

siting/permitting challenges?

Behavior Changes Investigates how lower service demands 

could impact decarbonization

What if policy-driven or natural behavior changes (i.e., more 

telecommuting post COVID-19) lower service demands? 



Scenario Summary
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Scenario Assumptions Reference (R) Electrification (E) Transport Fuels (TF) Gas in Buildings 
(GB)

Constrained 
Resources (CR)

Behavior Change 
(BC)

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

Economy-Wide GHG Policy None Reduction below 1990: 45% by 2030; 70% by 2040; 95% and net zero by 2050

Buildings: Electrification AEO
Fully electrified appliance sales in most sub-

sectors by 2050

Gas appliances 
replaced with new 

gas sales

Fully electrified appliance sales in most sub-
sectors by 2050

Buildings: Energy Efficiency AEO Sales of high efficiency tech: 100% in 2035

Transportation: Light-Duty Vehicles AEO 100% electric sales 
by 2035

75% electric sales 
by 2045

100% electric sales by 2035

Transportation: Freight Trucks AEO
Same as GB, CR, and 

BC Cases

Half the electric 
sales/no hydrogen 

adoption

HDV long-haul: 25% electric, 75% hydrogen sales by 2045
HDV short-haul: 100% electric sales by 2045

MDV: 70% electric sales by 2045

Industry AEO Generic efficiency improvements over Reference of 1% a year; fuel switching measures;
75% decrease in refining and mining to reflect reduced demand

Service Demand Reductions Baseline service demand informed by AEO VMT by 2050: 29% 
LDV, 15% MDV/HDV
15% Com, 10% Res

Resource Availability NREL resource potential; 6 GW of additional transmission potential per path;
SMRs permitted

Washington: No 
new TX

Same as R, E, TF, 
and GB Cases



Results
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Structure of results
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ÅThe results are structured as follows:
Economy-wide GHG emissions: Emissions reductions by fuel to reach net zero by 
scenario

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

Supply side: Investments in and operations of electricity and fuels supply
ÅElectric and fuels sector metricsshow the scale and rate of change required

ÅGrid balancing and the integration of electric and fuels sectors

Costs:Comparison of decarbonization scenario costs and the Reference Scenario

Key Findings: Implications of decarbonization overall and by sector



CO2 Emissions by Scenario
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Similar emissions profile to achieving net zero in energy by 2050 across scenarios

Coal

Diesel, 
Gasoline, 
Jet Fuel

Natural Gas

Other

Residual Fuel Oil
Product and 
Bunkering CO2*
*Emissions offset for CO2 
ŎŀǇǘǳǊŜŘ ƛƴ ǇǊƻŘǳŎǘǎΣ ƻǊ ƴƻǘ ²!Ωǎ 
responsibility, i.e. portion of 
international shipping emissions

Product and bunkering CO2

provide negative emissions in 
accounting

Similar trajectories as end use demand 
drives reductions in gas use while liquid 

fuels are decarbonized

Emissions levels by fuel type 
remain relatively constant in 

Reference Case



Total Gross Emissions: Reference vs Electrification Scenarios 
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Emissions reduction shown by sector
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Washington Historical and Projected Gross Emissions

Non-Energy

Transport

Industry

Residential
Commercial

Reference Scenario

Electrification Scenario

Projected EmissionsHistorical Emissions

Drop between 2018 
and 2020 due to 

Covid-19

Non-energy reductions 
assumed in 

decarbonization cases

Incremental 
biological or 
geological 

sequestration 
measures assumed to 
offset remaining non-
energy emissions in 

2050

Emissions targets 
relative to 1990 

levels 



Demand Side
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Final Energy Demand
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Electrification and efficiency drive lower total energy demand 

28% 23% 24% 32%

Electrification: 90% growth 
in electricity sectorover 
2020 levels, displacing fuels
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Transport Fuels: 
Demand for fuels 
remains in 2050

Buildings: Higher 
demand for gas due 
to less electrification

Behavior: Fewer 
energy services drive 
demand lower

COVID: 10% drop in 
demand in 2020 due 
to COVID impact



Final Energy Demand: Electricity
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Electricity use in all decarbonization scenarios grows significantly
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Transport electrification 
largest differentiator 
between cases

Behavior change drives 
lower demand in transport 
and buildings

Decreased electrification reduces 
electricity need in buildings 
relative to Electrification Scenario



Light-Duty Vehicles: BEVs are Key to Lower Energy Demands
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Lower energy demands reduce the need for investment in clean energy technologies to meet net zero

Projected Sales, Stock, and Final Energy Demand

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

Electrification Case 
final energy demand 
for fuels remains 
high in 2030: 74% of 
Reference in 2030



Heavy-Duty Vehicles: Hydrogen Demand in Long Distance by 2050
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Adoption of hydrogen in long-haul and electric in long and short-haul drives changes in demand 

Projected Sales, Stock, and Final Energy Demand



Residential Space Heating
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More efficient home heating is driven by adoption of more efficient and/or electrified technologies
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41%
22%

8% 16% 56% 13% 42%

2030 Challenge: Delay in 
stock rollover turning sales 
into stock and energy changes

Significant reductions in energy 
demand by 2050 due to 
efficiency and electrification

Gas in Buildings

Fuel use for heating can be 
served by fossil or clean fuel 
alternatives



Behavior Change: Transportation
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Å VMT reductions 
increasing over time

29% in light-duty 
vehicles by 2050
15% in medium- and 
heavy-duty vehicles by 
2050

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

Are there more 
aggressive behavior 
change measures that 
can happen faster?

Example: Final Energy Demand from Light-Duty Autos

6%

29%

29% percent reduction in sales 
of fuels and electricity vs. 
Electrification Case by 2050



Behavior Change: Residential and Commercial
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Å Package of service demand 
measures for residential and 
commercial sectors

Reductions for several subsectors, 
including air conditioning, heating, 
lighting, and water heating

Å Service demand measures achieve 
7% overall reduction by 2050 in the 
residential and commercial sectors

2% reduction in 2030

7%



Supply Side
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Electricity Capacity in Washington
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Washington relies heavily on imports of clean energy so capacity builds stay relatively flat

CGS not extended. O&M 
costs too high compared 
to alternatives

Relatively little 
growth in 
capacity due to 
significantly 
increased 
imports

Constrained Resource Case 
builds offshore wind and more 
solar to compensate for lost TX

Similar builds across 
decarbonization cases other 
than Constrained Resource Case

Solar PV

Onshore Wind
Battery Storage
Gas CCGT & CT
Coal
Other Resources
Nuclear

Hydro
Pumped Hydro

Offshore Wind



Capacity Additions in Washington and the Northwest
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Washington part of a larger integrated electricity system

Solar PV

Onshore Wind

Battery Storage

Combined Cycle Gas Turbine
Combustion Turbine

Offshore Wind

11 GWs of gas capacity 
additions provide 
reliability in the 
Northwest, operated 
at low capacityfactors. 
De minimusgas use in 
Washington, used only 
for rare reliability 
events

Wind-dominant system 
complements solar 
resource of the Southwest

Lower forecasted costs 
drive large offshore wind 
resource by 2050



Generation and Load in Washington
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Increases in imports provide clean energy for expanding electricity sector

Net Imports

Thermal

Bulk Load

Net Exports

Flex Industrial Load

Clean Electricity

Growing reliance 
on clean imports 
to meet load 
growth, CETA, and 
emissions goals

Doubling of 2020 
load by 2050, 
including new 
flexible loads 
(electrolysis, 
boilers)

Imports provide 43% of 
electricity in Electrification 
Case by 2050

Growth in clean electricity 
in Constrained Resources 
case due to offshore wind

Gas exports not prohibited under CETAbut model assumes emissions count towards state inventory in decarbonization cases


