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ESIG’s Clean Electricity Planning Task Force

Report authors: Elaine Hart (Sylvan Energy 
Analytics), Trieu Mai (ESIG), James Okullo (ESIG)

Additional contributors: Jaxon Stuhr (Sylvan Energy 
Analytics), Jeanne Currie (Clean Energy Transition 
Institute), Stacia Dreyer (Clean Energy Transition 
Institute)

Task Force members included experts from utilities, 
ISOs/RTOs, national laboratories, research 
organizations, and consulting firms. A complete list 
of Task Force members can be found in the report 
online.

Disclaimer: This report was produced by a task force 
made up of diverse members with diverse 
viewpoints and levels of participation. Specific 
statements may not necessarily represent a 
consensus among all participants or the views of 
participants’ employers.

The Clean Electricity Planning Task Force was formed to examine 
the unique challenges of planning for 100% clean and net zero 
emissions electricity systems
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ESIG’s Clean Electricity Planning Task Force

Key questions:

▪What are the common findings across studies that 
achieve 80-100% reductions in GHGs?

▪Why is going from 90-100% so challenging?

▪What technology solutions might be needed for 
maintaining reliability and affordability in the last 
mile?

▪How should planning studies approach the last 
mile given significant technology uncertainty?

▪What modeling innovations and data 
improvements are needed to support better 
analysis of 100% clean and net zero emissions 
electricity systems?

*The Task Force did not weigh in on whether systems 
should or should not adopt 100% clean or net zero 
emissions polcies

The Clean Electricity Planning Task Force was formed to examine 
the unique challenges of planning for 100% clean and net zero 
emissions electricity systems
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With help from the Clean Energy 
Transition Institute, the Task Force 
reviewed 16 industry-focused 100% 
clean and net zero emissions 
studies conducted since 2020

Four key challenges were identified:
▪ A unique reliability challenge
▪ Uncertainty around emerging 

technologies
▪ Steeply increasing costs
▪ The speed of the transformation

Literature Review
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1. A unique reliability challenge

?+ -

In deeply decarbonized systems: 
Fossil-based resources support 
reliability during the most 
challenging weather conditions

In completely decarbonized 
systems:

Source: E3 and Energy Futures Initiative, Net-Zero New England, 2020.
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2. Uncertainty around emerging technology

Timing of earliest emerging technology adoption in 16 recent industry 
planning studies with 100% clean or net-zero emissions requirements.

Any 
technology

▪ All of the reviewed studies relied on one or more of the 
following emerging technologies to achieve the policy 
target while maintaining reliability

▪ Clean e-fuels (e.g., electrolytic hydrogen)

▪ Advanced nuclear

▪ Enhanced geothermal

▪ Fossil (with CCS)      + a negative emissions 
technology, such as direct air capture (DAC)      or 
bioenergy with CCS (BECCS)

▪ Multiday storage

▪ Despite their potentially central roles in electricity 
decarbonization studies, none of these technologies 
have been commercialized at scale
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Poll #1: What’s your emerging tech outlook?

Rank order the following emerging technologies from most (1) 
to least (6) likely to be commercialized at scale (beyond pilots 
and demonstrations) in the next 15 years: 

▪ Clean e-fuels, such as hydrogen or ammonia

▪ Advanced nuclear

▪ Enhanced geothermal

▪ Carbon capture and storage

▪ Direct air capture

▪ Multiday storage

Timing of earliest emerging technology adoption in 16 recent industry 
planning studies with 100% clean or net-zero emissions requirements.

Any 
technology
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3. Steeply increasing costs

Source: Mai et. al, “Getting to 100%: Six strategies for the challenging last 10%,” Joule. 6(9), 
2022. https://www.sciencedirect.com/science/article/pii/S2542435122004056#bib7

▪ Avoiding the last increments of GHGs or 
emitting generation could lead to steeply 
increasing costs due to:

▪ Low availability of wind and solar 
during the most challenging weather 
circumstances; and 

▪ High technology costs for emerging 
technologies that have greater 
availability during these periods
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4. The speed of the transformation

▪ Under most scenarios, achieving 
100% clean or net zero 
emissions requires sustained 
clean energy buildout that far 
exceeds the historical pace of 
development (before considering 
recent data center forecasts)

▪ Beyond resource build, the scale 
and pace of transformation 
required across all aspects of the 
electricity sector – operations 
and controls, markets, 
regulations, etc. – should not be 
overlooked.
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Poll #1 Results!

Timing of earliest emerging technology adoption in 16 recent industry 
planning studies with 100% clean or net-zero emissions requirements.

Any 
technology

Rank order the following emerging technologies from most (1) 
to least (6) likely to be commercialized at scale (beyond pilots 
and demonstrations) in the next 15 years: 

▪ Clean e-fuels, such as hydrogen or ammonia

▪ Advanced nuclear

▪ Enhanced geothermal

▪ Carbon capture and storage

▪ Direct air capture

▪ Multiday storage
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High level recommendations for 100% clean 
and net-zero electricity plans

Address technology uncertainty head on

Look beyond your electricity system

Embrace transparency in new areas of complexity

Translate long-term findings into practical near-term decisions

Poll #2: Help us choose 
one topic for a deeper dive
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Recommendations for 100% clean and net-
zero electricity plans

Address technology uncertainty head on

✓ Design scenarios to assess technology risk and cost uncertainty

✓ Develop portfolios that complement multiple emerging technology 
pathways

✓ Quantify risks associated with near-term commitment when optimized 
portfolios diverge

✓ Apply technology-agnostic approaches with care
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Recommendations for 100% clean and net-
zero electricity plans

Look beyond your electricity system

✓ Capture impacts of emerging technologies such as e-fuels and direct air 
capture on electricity demand

✓ Include costs associated with storage, transport, and distribution of e-
fuels, biomass, and carbon

✓ Account for competition for clean fuels with other sectors
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Recommendations for 100% clean and net-
zero electricity plans

Embrace transparency in new areas of complexity

✓ Clearly describe 100% policy implementation details

✓ Verify policy and reliability compliance using a suite of detailed models

✓ Track and report policy compliance instruments directly in planning 
models

✓ Quantify policy compliance risks

✓ Directly address non-jurisdictional dependencies and supporting 
infrastructure needs
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Recommendations for 100% clean and net-
zero electricity plans

Translate long-term findings into practical near-term decisions

✓ Rely on scenario analysis findings to inform new infrastructure decisions

✓ Consider policy compliance value in demand-side management 
evaluations

✓ Test potential near-term fossil resource decisions across planning 
scenarios to examine reliability and policy compliance risks

✓ Proactively plan for future fossil retirements

✓ Consider participating in emerging technology demonstrations
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High level recommendations for 100% clean 
and net-zero electricity plans

Address technology uncertainty head on

Look beyond your electricity system

Embrace transparency in new areas of complexity

Translate long-term findings into practical near-term decisions

Poll #2 Results!
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Address
technology 
uncertainty 
head on

✓ Design scenarios to assess 
technology risk and cost 
uncertainty
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Address
technology 
uncertainty 
head on

✓ Design scenarios to assess 
technology risk and cost 
uncertainty

✓ Develop portfolios that 
complement multiple 
emerging technology 
pathways
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Address
technology 
uncertainty 
head on

✓ Design scenarios to assess 
technology risk and cost 
uncertainty

✓ Develop portfolios that 
complement multiple 
emerging technology 
pathways

In many studies, 

optimized near-term 

decisions are not very 

sensitive to emerging 

technology uncertainty
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Address
technology 
uncertainty 
head on

✓ Design scenarios to assess 
technology risk and cost 
uncertainty

✓ Develop portfolios that 
complement multiple 
emerging technology 
pathways

✓ Quantify risks associated 
with near-term commitment 
when optimized portfolios 
diverge

Stylized example:

▪ Scenario A considers a future in which Emerging Tech A achieves 
commercialization

▪ Scenario B considers a future in which Emerging Tech B achieves 
commercialization

▪ Near-Term Strategy 1 commits to 300 MW of solar + storage in the near term, 
which appears to be complementary to Emerging Tech A in the long term
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Address
technology 
uncertainty 
head on

✓ Design scenarios to assess 
technology risk and cost 
uncertainty

✓ Develop portfolios that 
complement multiple 
emerging technology 
pathways

✓ Quantify risks associated 
with near-term commitment 
when optimized portfolios 
diverge

Stylized example:

▪ Scenario A considers a future in which Emerging Tech A achieves 
commercialization

▪ Scenario B considers a future in which Emerging Tech B achieves 
commercialization

▪ Near-Term Strategy 2 commits to 300 MW of wind in the near term, which 
appears to be complementary to Emerging Tech B in the long term
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Address
technology 
uncertainty 
head on

✓ Design scenarios to assess 
technology risk and cost 
uncertainty

✓ Develop portfolios that 
complement multiple 
emerging technology 
pathways

✓ Quantify risks associated 
with near-term commitment 
when optimized portfolios 
diverge

Stylized example:

▪ A planner who thinks 
Scenario A is more likely 
might choose Strategy 1

▪ A planner who thinks 
Scenario B is more likely, or 
who is most concerned with 
avoiding the highest cost 
outcomes, might choose 
Strategy 2, even though it is 
slightly more expensive under 
Scenario A than the 
alternative
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Address
technology 
uncertainty 
head on

✓ Design scenarios to assess 
technology risk and cost 
uncertainty

✓ Develop portfolios that 
complement multiple 
emerging technology 
pathways

✓ Quantify risks associated with 
near-term commitment when 
optimized portfolios diverge

✓ Apply technology-agnostic 
approaches with care

Reasons a planner may adopt a technology-agnostic approach:

▪ Planning questions and decisions only require high level insight into emerging 
technology opportunities

▪ On-system potential to develop emerging technologies is limited (e.g., e-fuels are 
more likely to be delivered to the system than produced on-system)

Common pitfalls to avoid:

▪ Neglecting or obscuring infrastructure needs (e.g., additional renewables, fuel or 
carbon transport infrastructure) associated with applicable emerging technologies

▪ Interpreting “optimized” portfolios as least cost
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Look
beyond your 
electricity 
system

✓ Capture impacts of emerging 
technologies such as e-fuels 
and direct air capture on 
electricity demand

▪ Technologies like e-fuels (e.g., electrolytic hydrogen) and direct air 
capture (DAC) are electricity intensive

▪ Their deployment would increase electricity demand and require 
additional clean energy generation
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Look
beyond your 
electricity 
system

✓ Capture impacts of emerging 
technologies such as e-fuels 
and direct air capture on 
electricity demand

✓ Include costs associated 
with storage, transport, and 
distribution of e-fuels, 
biomass, and carbon

▪ Unless e-fuel production is co-located with the facilities that consume the 
fuels, e-fuels will require transport infrastructure

▪ Flexible operation of these technologies would require storage, either on-site 
or accessed via a transport network
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Look
beyond your 
electricity 
system

✓ Capture impacts of emerging 
technologies such as e-fuels 
and direct air capture on 
electricity demand

✓ Include costs associated with 
storage, transport, and 
distribution of e-fuels, 
biomass, and carbon

✓ Account for competition for 
clean fuels with other 
sectors

▪ Economy-wide studies suggest 
that demand for e-fuels could be 
driven by the industrial and 
transportation sectors, rather than 
the electricity sector

▪ The net impact could be increased 
e-fuel demand and prices
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Look
beyond your 
electricity 
system

✓ Capture impacts of emerging 
technologies such as e-fuels 
and direct air capture on 
electricity demand

✓ Include costs associated with 
storage, transport, and 
distribution of e-fuels, 
biomass, and carbon

✓ Account for competition for 
clean fuels with other 
sectors

Even when these technologies are assumed to be off-system (e.g., 
relative to a hydrogen-consuming system), planners must still 
address these interactions to estimate availability and costs
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Embrace 
transparency 
in new areas
of complexity

✓ Clearly describe 100% policy 
implementation details

Policy design details matter!
▪ Many of these clean policies do not actually require complete decarbonization
▪ Table 1 in the main report describes some of the policy design levers that are 

often used to make these policies more or less stringent
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Embrace 
transparency 
in new areas
of complexity

✓ Clearly describe 100% policy 
implementation details

✓ Verify policy and reliability 
compliance using a suite of 
detailed models
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Embrace 
transparency 
in new areas
of complexity

✓ Clearly describe 100% policy 
implementation details

✓ Verify policy and reliability 
compliance using a suite of 
detailed models

✓ Track and report policy 
compliance instruments 
directly in planning models

• Policy requirement

• Policy instrument 
(e.g. GHG, REC) 
accounting rules

Approximate 
constraint formulated 

in terms of physical 
variables (e.g., GHGs, 

generation)

Capacity 
Expansion Model 

(CEM)

In Capacity Expansion Models, policy constraints are often imposed as approximations that 
are derived in spreadsheet models based on policy design:

Opportunity for 
human error

Risk of sub-optimal or 
non-compliant portfolios

Estimated policy 
compliance position

Portfolio performance 
with respect to 

reported variables 
(e.g., GHGs, 
generation)

Production Cost 
Model (PCM)

In Production Cost Models, policy compliance is often estimated after-the-fact, based on 
whatever physical variables are reported by the software:

Risk of inaccuracy due to difference between 
reported variables and policy accounting rules
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Embrace 
transparency 
in new areas
of complexity

✓ Clearly describe 100% policy 
implementation details

✓ Verify policy and reliability 
compliance using a suite of 
detailed models

✓ Track and report policy 
compliance instruments 
directly in planning models

✓ Quantify policy compliance 
risks

Feasible space
(only accounting for non-

policy planning constraints)

Policy 
requirement

When there are no feasible portfolios that meet all 
planning constraints… there are two options.
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Embrace 
transparency 
in new areas
of complexity

✓ Clearly describe 100% policy 
implementation details

✓ Verify policy and reliability 
compliance using a suite of 
detailed models

✓ Track and report policy 
compliance instruments 
directly in planning models

✓ Quantify policy compliance 
risks

1. Relax the policy constraint until it can be met

This approach can tell you how much you might be out 
of compliance under a set of planning assumptions

Policy 
requirement

When there are no feasible portfolios that meet all 
planning constraints… there are two options.

Feasible space
(only accounting for non-

policy planning constraints)

Near-compliant 
feasible portfolio
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Embrace 
transparency 
in new areas
of complexity

✓ Clearly describe 100% policy 
implementation details

✓ Verify policy and reliability 
compliance using a suite of 
detailed models

✓ Track and report policy 
compliance instruments 
directly in planning models

✓ Quantify policy compliance 
risks

2. Relax a planning constraint (e.g., maximum resource 
build) until the policy can be met

Feasible space
(only accounting for non-

policy planning constraints)

Policy 
requirement

Policy-compliant 
(potentially) infeasible 
portfolio

When there are no feasible portfolios that meet all 
planning constraints… there are two options.

This approach can tell you how much your planning 
constraints would need to change to comply
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Embrace 
transparency 
in new areas
of complexity

✓ Clearly describe 100% policy 
implementation details

✓ Verify policy and reliability 
compliance using a suite of 
detailed models

✓ Track and report policy 
compliance instruments 
directly in planning models

✓ Quantify policy compliance 
risks

✓ Directly address non-
jurisdictional dependencies 
and supporting infrastructure 
needs

If a plan involves e-fuels or carbon capture, communicating the scope 
and scale of the necessary supporting infrastructure (e.g., transport and 

storage) is crucial for assessing the reasonableness of the plan
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Translate long-
term findings 
into practical 
near-term decisions

✓ Rely on scenario analysis findings 
to inform new infrastructure 
decisions

Stylized example:

▪ Scenario A considers a future in which Emerging Tech A achieves 
commercialization

▪ Scenario B considers a future in which Emerging Tech B achieves 
commercialization

▪ Near-Term Strategy 1 commits to 300 MW of solar + storage in the near term, 
which appears to be complementary to Emerging Tech A in the long term



37

Translate long-
term findings 
into practical 
near-term decisions

✓ Rely on scenario analysis findings 
to inform new infrastructure 
decisions

Stylized example:

▪ Scenario A considers a future in which Emerging Tech A achieves 
commercialization

▪ Scenario B considers a future in which Emerging Tech B achieves 
commercialization

▪ Near-Term Strategy 2 commits to 300 MW of wind in the near term, which 
appears to be complementary to Emerging Tech B in the long term
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Translate long-
term findings 
into practical 
near-term decisions

✓ Rely on scenario analysis findings 
to inform new infrastructure 
decisions

Stylized example:

▪ A planner who thinks 
Scenario A is more likely 
might choose Strategy 1

▪ A planner who thinks 
Scenario B is more likely, or 
who is most concerned with 
avoiding the highest cost 
outcomes, might choose 
Strategy 2, even though it is 
slightly more expensive under 
Scenario A than the 
alternative
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Translate long-
term findings 
into practical 
near-term decisions

Source: E3 and Energy Futures Initiative, Net-Zero New England, 2020.

Measures that can reduce 
demand during the most 
challenging circumstances 
to decarbonize may bring 
more value in jurisdictions 
with 100% clean or net zero 
requirements than 
traditional DSM evaluation 
methodologies identify 
because they help avoid the 
most costly alternatives.

✓ Rely on scenario analysis findings 
to inform new infrastructure 
decisions

✓ Consider policy compliance value 
in demand-side management 
evaluations

Source: Mai et. al, “Getting to 100%: Six strategies for the challenging last 10%,” Joule. 6(9), 
2022. https://www.sciencedirect.com/science/article/pii/S2542435122004056#bib7
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Translate long-
term findings 
into practical 
near-term decisions

Technology Scenarios

Enhanced 
geothermal 

or 
advanced 

nuclear

Multiday 
storage CCS & DAC Hydrogen 

economy

Biogas or 
power-to-

gas

Long-term 
fossil resource 
options

Retire

Retrofit

Retain

Potential costs 
associated with 
policy 
compliance

Short financial lifetimes to reduce stranded asset risk

Upgrades or future 
retrofits

Very high future fuel costs

Example mappings between fossil resource options, corresponding economic 
considerations, and technology scenarios in a resource plan

✓ Rely on scenario analysis findings 
to inform new infrastructure 
decisions

✓ Consider policy compliance value 
in demand-side management 
evaluations

✓ Test potential near-term fossil 
resource decisions across 
planning scenarios to examine 
reliability and policy compliance 
risks

✓ Proactively plan for future fossil 
retirements
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Translate long-
term findings 
into practical 
near-term decisions

✓ Rely on scenario analysis findings 
to inform new infrastructure 
decisions

✓ Consider policy compliance value 
in demand-side management 
evaluations

✓ Test potential near-term fossil 
resource decisions across planning 
scenarios to examine reliability and 
policy compliance risks

✓ Proactively plan for future fossil 
retirements

✓ Consider participating in emerging 
technology demonstrations

Subject to cost and risk considerations…
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THANK YOU
For more information, you can find our 
report at https://www.esig.energy/electricity-
plans-with-ambitious-policy-targets/

Contact:
elaine@sylvan.energy
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Emerging technology solutions could address 
limitations of existing technologies
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