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South Table Mountain Campus 
Golden, CO

Source: NREL (2019).
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Research Support Facility
Golden, CO

Photo by Dennis Schroeder, NREL 17820
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Mesa Top Facility
Golden, CO

Photo by Dennis Schroeder, NREL 30719
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Flatirons Campus
Boulder, CO

Photo by Pat Corkery, NREL 17706
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Flatirons Campus
Boulder, CO

Photo by Dennis Schroeder, NREL 25930
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Agenda

• Motivation for Examining Future Electrification
• An Electrified Future (past work)
• Electrification Futures Study (ongoing work)
• Questions and Discussion
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Transportability Zero Point-of-use Emissions

Flexibility and Controllability Storability (?)

Electricity is a versatile fuel
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Global trends in electrification

Data Source: International Energy Agency



NREL    |    11

Yet total growth in US electricity demand has slowed

While U.S. population, GDP, and end-use services have all 
increased and changed in complex ways 

Source: Mai (2018).
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• Development of advanced electric technologies has driven adoption in key sectors—
especially in vehicles, but also for businesses and homes

• Local policies and economic incentives support electrification to reduce emissions,
improve air quality, and increase energy security

• Electric utilities are carefully watching to see if electrification has the potential to 
increase sales and revenues

But greater electrification 
may be on the horizon 

Source: Mai (2018).
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Past NREL work on electrification 

July 2017

July 2018
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Technical potential for 
electrification
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Disclaimers

• The objective of this analysis is not to predict the specific 
deployment trajectories for the various technologies.

• These scenarios are not forecasts, and we make no claims 
that our scenarios have been or will be more indicative of 
actual future electrification or power sector evolution than 
projections made by others.
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Source: LLNL March 2019. LLNL-MI-410527
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Electrification can change the 
magnitude of the flows

Source: LLNL March 2019. LLNL-MI-410527
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Residential buildings energy use

Source: Mai et al. (2018).
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Commercial buildings energy use

Source: Mai et al. (2018).
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Total electricity consumption

Source: Mai et al. (2018).



NREL    |    21

Peak-to-average demand ratio

Source: Mai et al. (2018).
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Regional Energy Deployment System (ReEDS)

Source: NREL (2012).
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Electricity generation mix

Source: Mai et al. (2018).
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CO2 Emissions – electric power sector

Source: Mai et al. (2018).
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CO2 Emissions – all sectors

Source: Mai et al. (2018).
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Future research

• End-use technology adoption
• Electricity technology roadmaps
• Data on current energy use
• Cost and value of grid flexibility
• Macro-economic modeling and analysis
• Policy design and analysis
• Nonelectric options



EFS: The Electrification
Futures Study

nrel.gov/EFS

http://www.nrel.gov/EFS


NREL    |    28

What electric 
technologies are 

available now, and how 
might they advance?

Technologies
How might 

electrification impact 
electricity demand
and use patterns?

Consumption
How would the 

electricity system need 
to transform to meet 
changes in demand?

System Change
What role might 

demand-side flexibility 
play to support reliable 

operations?

Flexibility
What are the

potential costs, benefits, 
and impacts of widespread 

electrification?

Impacts

Answering crucial
questions about:

Source: Mai (2018).
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NREL-led collaboration, multi-year study

Study sponsored by U.S. DOE-EERE Office of Strategic Programs

Technology cost and performance (December 2017)

Demand-side adoption scenarios (June 2018)

dsgrid model documentation (August 2018)

Supply-side evolution scenarios (2019)

Impacts of electrification (2019)

Electricity system operations (~2020)

Distribution System Impacts (~2020)

Published
O

ngoing and Planned



Demand-Side Scenarios 
Report
(June 2018) 

https://www.nrel.gov/docs/fy18osti/71500.pdf

https://www.nrel.gov/docs/fy18osti/71500.pdf
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Looking at the demand side

OBJECTIVES
Characterize changes to end-use sectors under futures with increasing levels 
of electrification
Quantify how electrification impacts total electricity demand and
consumption profiles

APPROACH
Expert judgment adoption projections and consumer choice modeling
Bottom-up stock and energy accounting model (EnergyPATHWAYS)

USES
Provides data for evaluating future electricity supply scenarios
Gives researchers and decision-makers data and context to plan for an 
electrified energy system



www.nrel.gov

Kelly.Eurek@nrel.gov
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What is technical potential?

Our Analysis

Source: Lopez et al (2012).
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CO2 emissions by sector and source

Source: Mai et al. (2018).
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Industrial

Source: Mai et al. (2018).
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Building electrification

Source: Steinberg et al. (2017).



NREL    |    38

Building efficiency improvements

Source: Steinberg et al. (2017).
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Transportation electrification

Source: Mai et al. (2018).
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Industrial electrification

Source: Steinberg et al. (2017).

Source: Mai et al. (2018)
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Capacity Mix

Source: Mai et al. (2018).
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