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Evolved Energy Research

Evolved addresses key policy and strategy questions 
raised by transformation of our energy system

NGOs

NRDC, SDSN, GridLab, Sierra Club, CETI, OCT, UCS, EDF, CATF, 
BPC, Third Way, and others

State Energy Offices

Washington, California, Massachusetts, Maine and New Jersey

Utilities

DTE, PGE, Hydro Quebec, PG&E and others

Others

Princeton University, Breakthrough Energy, SPP, Rhodium 
Group, Inter-American Development Bank, DOE, NREL, RAP, 
and AGU Advances



Cross-sectoral analysis
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Models have improved to answer new questions

What are the infrastructure 
requirements for different 

clean energy pathways?

How will end-use electrification 
affect total electricity demand 

and load shapes?

How does economy-wide 
decarbonization impact electricity 
utility operations and planning?

What is the least-cost portfolio for 
the state to realize its 100% clean 
electricity and GHG objectives?
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• The electric sector is central to achieving economy-wide emissions 
reductions

• Lowest cost zero carbon energy

• Sector coupling includes: 

• Direct electrification of end-uses like transport and building heating

• Novel electrification of industrial processes (E.g., steam, thermal storage)

• The use of electricity to synthesize fuels (E.g., hydrogen, jet fuel)

• Good analysis methods recognize that these new loads can be quite 
different than traditional loads (locational and temporal flexibility)

Defining sectoral coupling: Growth of non-
traditional electric utility loads
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Sectoral coupling example: Hydrogen

Source: CETI, NZNW, 2023

Clean Energy
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Requires economy-wide energy demand and supply 
modeling integrated across sectors
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Economy-wide energy planning leads to increasing 
integration across sectors
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Evolved Energy Research 
Annual Decarbonization Perspective 2023



Sector coupling under clean electricity and 
zero carbon economy policies 
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Three scenarios illustrating sector coupling

Clean Electricity High Electrification Zero Carbon Economy

Electricity CO2 target 100% clean by 2050

Electricity demand Reference (0.7% AAGR) High electrification (1.8% AAGR)

Economy CO2 target N.A.
Net-zero Energy & Industrial 

CO2

Non-electric fuel demand N.A.
60% reduction (high 

electrification)

Hydrogen use in thermal power 
plants

Disabled Enabled

Energy service demand 2019 Annual Energy Outlook

Additional assumptions
Continental U.S., 12 region optimal capacity expansion for fuels & electricity, 2020-2050 

timeframe w 10-year model timestep, 2011 weather year, 7% WACC, AEO fuel prices

Varying levels of sector coupling

Note: Scenarios run for demonstration purposes based on internal EER assumptions
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Electricity load: Non-traditional load growth with 
tightening emissions targets

Hydrogen electrolysis load 
is optimized, along with 

other sources of hydrogen 
together with electricity 

supply for a least cost 
system

Boilers become duel 
fueled and operate using 

either natural gas or 
electricity based on 
renewable resource 

availability
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Electricity generation: New industrial loads increase 
flexibility as supply becomes less flexible

600 MMT geologic 
sequestration in the 
rest of the economy 

pushes CC out of 
the power sector

Co-optimization with large 
industrial loads means a higher % 

of renewables is achieved with 
lower economic curtailment

Nuclear or gas w/CC is 
selected based on 

relative cost



page 13

Average 2050 daily supply & demand 

Energy storage provides 
capacity at night and 

shifts energy.

Electrolysis runs when 
renewable output is high
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Electricity balancing strategies: Cross-sectoral 
solutions offer short and long-term balancing

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020AV000284



page 15

• Wind and solar are two of the lowest 
cost primary energy supplies that can 
potentially be deployed at large scale

• Coupling fuels with electricity unlocks 
large scale and low cost ‘storage’ for 
the electricity system

• Highest value e-fuel applications do 
not include electricity generation

Sectoral coupling helps with multi-day balancing
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Hydrogen, captured carbon, and biomass in 2050

Source

Use

Hydrogen is 
produced using 
electricity and 

natural gas

Half of the hydrogen is 
used on the demand-side 

in vehicles & industry, 
the other half gets 

combined with captured 
carbon to produce 

synthetic fuels. Small 
amounts go to electricity 

Most carbon is 
sequestered, but some 

gets combined with 
hydrogen to make fuels

Most captured carbon 
comes from bio-refining 

and industrial capture. Less 
carbon capture comes from 

electricity in the zero 
carbon economy.

In the zero carbon 
economy, most 

bioenergy goes to bio-
refineries to make 

liquid fuels.



Sector Coupling: New challenges and opportunities
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• An economy-wide approach is needed to plan for electric load growth and operations 
when targeting a zero-carbon economy

• What are the regional implications of fuel and electric sector coupling?

• Future-proof investments and manage risk by understanding new opportunities and speed of change

• Make decisions in an economy-wide, temporal, and spatial context

• Explore the tradeoffs between strategies that incorporate load growth, clean fuels, carbon 
management, electrification opportunities, and new industry

• Chicken and egg: What comes first, what are the barriers to development, where should near-term 
efforts be focused?

• Whack-a-mole: Doing less in one part of the economy requires more in another, understand cost and 
feasibility consequences of decision making 

Sector Coupling: New challenges and opportunities



Contact: jeremy.hargreaves@evolved.energy
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