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CONSERVATIVE
Slower Technology 
Change 

• AEO 2017 growth path 

for GDP and service 

demands, and primary 

fuel prices

• EPRI assumptions for 

cost and performance of 

technologies and energy 

efficiency over time

• Existing state-level 

policies and targets

REFERENCE Reference Technology

PROGRESSIVE
Reference Technology + 
Moderate Carbon Price

TRANSFORMATION
Reference Technology + 
Stringent Carbon Price

EPRI’s U.S. National Electrification Assessment (USNEA) Scenarios
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USNEA Key Messages

System Impacts
Improved Environmental Outcomes

Electric Sector Resource Planning

Natural Gas
Remains an important fuel for end-use and 
electric generation

Energy Efficiency
Efficient electrification + end-use efficiency 
lead to falling final energy use

Electrification Trend 
Continues

Driven by technological change and 
consumer choice, further bolstered by policy

BUT…

Potential may not 
be realized on its 

own due to 
consumer barriers

Pro-active 
approaches and 
technology R&D 

are essential
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EVs and PHEVsBatteries for Long-Haul Trucking

Electrified Transit

Heat Pumps

Heat Pump Water Heaters, Electric Range, Clothes Dryers

Electric-only applications

Induction Melting, Infrared Drying, etc.

Non-Road Vehicles

Industrial Facilities

US 2015 Final Energy Break-Out

Potential for Efficient Electrification Varies by End-Use Application
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Historical growth 
in total energy and 

electricity use

Recent plateau in 
total energy and 
electricity due to 

structural change and 
efficiency gains

Total Final Energy

Electricity

AEO 2017 Reference

USNEA projectionsHistory

USNEA Reference

USNEA Transformation

USNEA Reference
USNEA Transformation

Compared with AEO, 
USNEA Reference

projects more 
efficiency gains and 

more electrification 
declining total energy 
with rising electricity

Efficiency

Electrification

Both efficiency and 
electrification

accelerate under a 
carbon policy in the 

Transformation 
scenario

Total Final Energy Declines While Electricity Demand Increases
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Transport: Passenger Vehicle Costs for Representative Household
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High Driving Intensity 
(e.g., 18k miles / year)
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(e.g., 5k miles / year)
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Purchase Price

Total Costs

ICEV

EV

ICEV

EV

Purchase Price

Total Costs

Based on suburban household in 
NE-Central model region
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Reference Projections for US Light-Duty Vehicles

Liquid Fuels

Electricity
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Improvements
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Conservative Projections for US Light-Duty Vehicles

Liquid Fuels

Electricity

Efficiency 
Improvements

Electrification

ICEV

EV

PHEV

Service Demand Final Energy



10
© 2018 Electric Power Research Institute, Inc. All rights reserved.

Reference Projections for Heavy-Duty Vehicles

Truck / Bus / Rail Aviation / Maritime

Efficiency 
Improvements

Electrification
Efficiency 

Improvements

Liquid Fuels
Liquid Fuels

Electricity
Natural Gas

Natural Gas
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Efficient Electrification: Reference

+32% 
2015  2050

Electrification

Buildings                
(before electrification)

Industry                  
(before electrification)

Structural 
Change (AEO)

Efficiency Improvements

Electrification

21%
Electricity

Other Non-Electric Energy

GDP Growth 
(AEO)

Industry
Buildings

Vehicles

36%

Gas

Reference
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Efficient Electrification: Transformation

+52% 
2015  2050

Electrification

Buildings                
(before electrification)

Industry                  
(before electrification)

Structural 
Change (AEO)

Efficiency Improvements

Electrification

21%
Electricity

GDP Growth 
(AEO)

Industry

Buildings

Vehicles

47%

Tight Carbon Target

Other Non-Electric Energy
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Total Natural Gas Demand Rises in All Scenarios
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Reference

Transformation

Progressive
Conservative  Expanded NGCC use      

(+ CCS with carbon price)

 Decreased use in 
buildings and industry is 
offset by generation 
with CCS

 Retains role in both 
primary heating and 
heat pump back-up

 Oil to gas fuel switching

Electric 
Generation

Buildings

Industry

Carbon Price 
Impacts

Drivers for Natural Gas Demand
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USNEA projectionsHistory

Total Energy-Related CO2

Electric Generation CO2

USNEA Reference

USNEA Transformation

USNEA Reference

USNEA Transformation

Increasing 
electrification leads 
to lower overall CO2

emissions, even as 
emissions from 

electric generation 
increase in the 

USNEA Reference

Total and Electric Generation CO2 Emissions
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Base Year Load Shape Reflects Current Technology Stock

Non-SeasonalSpace 
Heating

Cooling

Vehicle Charging

SE-Central 2015

How Will Sectoral Loads Change Over Time?
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Non-Seasonal

Space 
Heating

Cooling

Vehicle Charging

Reference Projections Reflect Electrification / Efficiency

SE-Central 2050

Significant Shift in Pattern and Size of Load
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Aggregate Load Shape Already Has Winter Peak in Some Regions

How Stable Are These System Dynamics?
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Aggregate Load Shape Changes from Electrification and Efficiency

Electrification Will Impact Electric Sector Resource Planning
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For More Information
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Together…Shaping the Future of Electricity
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Key Assumptions for USNEA Scenarios

CONSERVATIVE REFERENCE PROGRESSIVE TRANSFORMATION

Light-dutyvehicle 
costs

Slower decline in 
battery costs

EPRI/ANL estimates EPRI/ANL estimates EPRI/ANL estimates

Other technology 
costs

EPRI estimates EPRI estimates EPRI estimates EPRI estimates

Efficiency
Improvements

EPRI estimates EPRI estimates EPRI estimates EPRI estimates

Economic growth / 
service demands

AEO 2017 AEO 2017 AEO 2017 AEO 2017

Primary fuel prices 
(NG, oil)

AEO 2017 Low Price 
Case

AEO 2017 Low Price 
Case

AEO 2017 Low Price 
Case

AEO 2017 Low Price 
Case

Electric sector 
policies

State RPS only State RPS only State RPS +
$15/tCO2 in 2020, 
rising at 7%

State RPS +
$50/tCO2 in 2020, 
rising at 7%

End-use sector 
policies

None None $15/tCO2 in 2020, 
rising at 7%

$50/tCO2 in 2020, 
rising at 7%
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Synchronized

Hourly Load, 
Renewables, 

and Prices

USNEA Modeling Approach: US-REGEN

Pac
ific

Electric Generation
120°W 110°W 100°W 90°W 80°W 70°W

45°N

40°N

35°N

30°N

25°N

Energy Use

 Climate zones

 Building types

 Household characteristics

 Industrial mix

 End-use technology detail

 Investment and dispatch

 Transmission

 Intermittent renewables

 Energy and capacity requirements

 State-level policies and constraints

Model Outputs:

Economic equilibrium 
for generation, capacity, 

and end-use mix

Emissions, air quality, 
and water
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Conservative Scenario; Vehicle Cost and Performance
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USNEA projectionsHistory

USNEA Reference

USNEA Transformation

Total End-Use

Transport

Industry

Buildings

USNEA Reference

USNEA Transformation

Historical growth in 
electricity’s share in 

final energy, especially 
in buildings sector

Electricity share rises from 
21% today to 36% by 2050 
in the USNEA Reference, 

and to 47% in the 
Transformation scenario

EPRI scenarios project 
continued increased in 

electricity’s share, driven 
by transport electrification

Electricity’s Share in Final Energy Grows Over Time
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Reference Projections for US Residential Space Heating

Service Demand Final Energy

Non-Electric Main 
Heating Source

Electric Main 
Heating Source

Other/None
Efficiency 

Improvements

Electrification

Structural Change                    
(more growth in warmer climates)

Electric resistance

ASHP (electric back-up)

ASHP (non-elec back-up)

Natural Gas

Other non-electric

Non-Electric Fuels

Electricity Electric resistance

ASHP (electric back-up)

ASHP (non-elec back-up)

Natural Gas

Other non-electric
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