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Panel 1: The Current Decarbonization Landscape

MODERATOR
George Crabtree (Argonne National Laboratory and University of Illinois at Chicago)

PANELISTS

Granger Morgan (Carnegie Mellon University)
Robert Rosner (University of Chicago)
Melanie Kenderdine (EnergyFutures Initiative)

BACKGROUND

The present US electricity generation mix is approximately 40% natural gas, 20% coal, 20% renewable (7%
hydroelectric, 13% wind, solar and other) and 20% nuclear. The guiding principles for design and operation of a
decarbonized grid in 2035 will be significantly different from those of today’s grid. This panel will explore these
differences and how to establish new guiding principles for the grid in 2035.

KEY QUESTIONS

What is the best mix of wind, solar, hydro, and nuclear generation for the grid in 2035? Should wind and solar
dominate because of their low cost, scalability and the urgency of decarbonization by 2035? Should wind and
solar be deployed in the most favorable locations (mid-continent and coasts for wind, the southwest for solar)
requiring more transmission to move power to high demand zones, or should wind and solar generation be
located near demand zones requiring less transmission and more local storage?

Where should storage be placed? It could be co-located with wind and solar generation to firm their output,
placed at remote nodes such as repurposed coal and gas plants with their existing transmission infrastructure, or
put in the distribution grid to enable greater demand response.

Demand is likely to rise as the economy decarbonizes, for example for electric vehicles and the electrification of
buildings. How much will demand rise from each sector, and what is the temporal profile of the increased
demand? How can the increased demand be met?

How will the future grid be stabilized against consecutive cloudy and calm days? History shows as many as 10
consecutive cloudy or calm days in many locations (though climate change may alter this). Options include
many-day discharge batteries, chemical storage such as H,, NHs, or another net zero energy carrier, thermal
storage and gravity storage. There are no commercial-ready technologies for many-day discharge available at
present. The question is not which ones to deploy (as for generation) but which ones to innovate.

What is the role of nuclear electricity in the grid of 2035? It is hard to imagine achieving net-zero electricity by
2035 without the existing nuclear fleet. It is equally hard to imagine deploying additional conventional reactors
at the scale needed and in time to make a difference. Will small modular reactors and microreactors now under
development provide a solution? Will these next generation reactors be commercial-ready in time to deploy at
scale before 2035? Can nuclear be made dispatchable? How would dispatchability be employed?
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Panel 2: Climate Policy and Electricity Market Design

MODERATOR
Benjamin F. Hobbs (Johns Hopkins University)

PANELISTS

Paul Joskow (Massachusetts Institute of Technology)
Jesse Jenkins (Princeton University)

John Bistline (Electric Power Research Institute)

BACKGROUND

There is an urgent need to drastically lower greenhouse gas emissions to address global climate change and to
meet the goals of the Paris Agreement. Most decarbonization plans and scenarios rely on a substantial increase
in the use of electricity to meet a larger share of future energy demand. Within the entire energy system, the
electricity sector is oftentimes considered the easiest one to decarbonize. The power system will therefore need
to undertake a massive transition towards clean and sustainable sources of electricity generation over the next
1-2 decades. This transition raises a number of key questions around how we plan and operate the electric
power system, and how electricity markets should be designed to provide adequate economic incentives for
market participants, while also adhering to the societal needs of a rapid energy transition.

Environmental policies, such as carbon taxes, renewable portfolio standards, and feed-in tariffs are used to
incentivize investments in clean electricity supply resources. However, there are growing concerns regarding
how these policies interact with the economic signals provided by electricity markets. A key challenge for policy
makers is how to align climate policies with efficient planning and operation of the electrical power grid.
Moreover, most low and zero carbon electricity generation technologies have a cost structure that are
dominated by capital as supposed to variable costs. Moreover, systems will become more weather driven as the
amounts of wind and solar energy continue to increase. The changes in the cost structure and operational
characteristics of the generation portfolio raises fundamental questions about whether we can continue to rely
on existing market structures or if we need to fundamentally change electricity market design.

KEY QUESTIONS

e What energy-environmental policies should be adopted to incentivize a rapid and cost-effective
transition towards a low or zero carbon electricity system?

e What are the key challenges in aligning climate polices and goals with efficient electricity market design?

e Are current electricity market designs adequate in providing incentives during and after the energy
transition?

e What are the market implications of moving towards a future “zero marginal cost” power system, i.e.,
dominated by resources with low/zero fuel and operating costs and high capital costs?

e What are the market implications of moving towards a power system that is driven more extensively by
climate and weather? What are implications for system resilience?

e What are the social equity challenges that will emerge during the transition of the electric power system
and how can they be addressed?

Continued, next page



Panel 2: Climate Policy and Electricity Market Design, continued

e What are key challenges and open questions for developers of modeling tools that address questions at
the intersection of climate policy and electricity market design?
o Are current tools capable of analyzing zero carbon electricity markets?

o What are best approaches to model price formation, resource adequacy, and system resilience
in future electricity markets?

o What are key challenges for analysis of system flexibility and energy storage within these
modeling tools?

o What new methodologies and capabilities will be required in future models?

KEY QUESTIONS FOR DISCUSSION GROUPS
1. What are the key challenges in electricity market design during and after the energy transition?

2. How can climate policies and goals be better aligned with electricity market design?

3. What are the key challenges and open questions for modeling electricity markets under deep
decarbonization?
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Panel 3: Analytical Models and Datasets

MODERATOR
Todd Levin (Argonne National Laboratory)

PANELISTS

Magnus Korpas (Norwegian University of Science and Technology)
Wesley Cole (National Renewable Energy Laboratory)

Jonghwan Kwon (Argonne National Laboratory)

BACKGROUND

The current U.S. government aims to achieve a zero-carbon electrical grid by 2035 and a net-zero economy by
2050. Achieving these goals requires a rapid transition of electric power systems towards low- and zero-carbon
solutions. Hence, there is increasing interest in analyzing paths for power system decarbonization, particularly
related to long-term planning because the long-term planning decisions made today will significantly impact the
future power system structures given the multi-decade planning horizons for many power system components.

Power system long-term planning models (e.g., generation expansion planning model, transmission expansion
planning model, etc.) are commonly used throughout the industry to inform the long-term decision-making
process, simulate potential long-term system outcomes, and understand broad system trends and the impact of
key parameter sensitivities. However, the traditional long-term planning models and algorithms are designed to
make investment (and retirement) decisions for conventional thermal generators. It has become increasingly
clear that existing tools need improvements to better represent future power systems dominated by weather-
driven low-carbon electricity generation (e.g., wind, solar, hydro, etc.) and energy storage technologies.

In this panel, we will share the best practices and discuss the critical challenges for the tools and data needed in
power system decarbonization studies.

KEY QUESTIONS

e What are the critical challenges of power system long-term planning models in analyzing
decarbonization paths?

e Do the traditional resource adequacy standards (e.g., 1-in-10 criteria, planning reserve margin)
represent system reliability well in the power systems with high penetrations of low- or zero-carbon
generation solutions?

e How do the current national/continent-scale long-term planning models address uncertainties? What
are the research gaps? How can we improve planning models in capturing the uncertain nature of the
variable renewable energy resources?

e How do the current national-scale models capture the value of the transmission system? How is power
flow modeled? How is transmission expansion planning modeled? What are the research gaps?

e What are the main challenges of co-optimizing generation and transmission expansion planning? Model
scalability? Data?

Continued, next page



Panel 3: Analytical Models and Datasets, continued

e How do the current national-scale models capture the coupling issues between power systems and
other energy sectors (e.g., natural gas system, heating, materials, manufacturing, etc.)?

e What are the key grid services that we need to consider in long-term planning models?

e What are the best strategies in designing scenarios for future zero-carbon systems?

e How do the current national-scale models capture the social equity aspects of decarbonization? Is it
possible or practical to capture the social equity challenges in the long-term planning models?

KEY QUESTIONS FOR DISCUSSION GROUPS

1. What are the critical challenges of power system long-term planning models in analyzing
decarbonization paths?

2. Imagine it is 2050 and the power system is fully decarbonized; how do power system models
fundamentally differ from those used today?

3. How can evolving resource adequacy metrics and standards be incorporated into future models?

4. How will model data requirements evolve over the next decade?
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Panel 4: Modeling Energy Storage in Decarbonization

MODERATOR
Rebecca O’Neil (Pacific Northwest National Laboratory)
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Sonja Wogrin (TU Graz, Austria)

Ramteen Sioshansi (The Ohio State University)
Scott Burger (Form Energy)

BACKGROUND

Electric power systems are undergoing a rapid transition towards cleaner sources of electricity supply. In
particular, the current U.S. government aims to achieve a zero-carbon electrical grid by 2035 and a net-zero
economy by 2050. The shift towards low- and zero-carbon solutions profoundly impacts the generation portfolio
and the role of energy storage in future power systems. Hence, there is currently increasing focus on enhancing
the capability of power system operation and planning models to more accurately represent the unique cost and
performance characteristics of energy storage technologies. At the same time, there is a recognition that an
individual energy storage system can simultaneously benefit many layers of the grid, and that a more integrated
modeling storage that captures these layers would illustrate a broader value proposition for the technology.

Traditionally, power system models have relied upon relatively simplistic representation of storage resources
when optimizing or simulating investment, commitment, and dispatch decisions. In terms of installed capacity,
energy storage resources have been dominated by pumped storage hydro, which is dispatched primarily as a
load following resource in many models. However, there are now an increasing number of commercially viable
storage technologies each with their own unique durations, cost and performance characteristics, grid service
capabilities, market participation models, system requirements and use cases that require a range of model
enhancements to represent properly. Furthermore, storage resources must now be considered as economic
investment options in capacity expansion models and the optimal choice of their type and quantity is
intrinsically linked with other investment decisions and pathways.

This session will explore the unique technical requirements, challenges, and opportunities associated with
integrating energy storage resources into bulk power system operations and planning models, while also
demonstrating the importance of key model enhancements in properly capturing the value energy storage
resources on evolving power systems.

KEY QUESTIONS
e What are the most impactful technical characteristics of energy storage resources that must be
considered in power system models?
o e.g., degradation, cycling costs, competitive market behavior, grid service provision,
performance characteristics
e Do these key characteristics differ between different types of models?
o e.g., generation expansion planning vs. production cost models vs. techno-economic models

Continued, next page



Panel 4: Modeling Energy Storage in Decarbonization, continued

e What broader model enhancements might be considered to ensure that the system value of storage is
properly captured?
o e.g., finer temporal resolution, considering consecutive time steps, storage dispatch logic
e What are the additional specific modeling challenges related to representing long-duration energy
storage technologies?
o e.g., seasonal dispatch logic, consideration of non-consecutive representative days
e Do we have the (economic and technical) data needed to adequately represent the range of different
storage technologies in long-term planning models?
e What are the most important open questions for the research community to address when it comes to
energy storage representation in decarbonization studies?

KEY QUESTIONS FOR DISCUSSION GROUPS
1. There are many types of energy storage technologies with variable characteristics and states of
development. What are the most impactful technical characteristics of energy storage resources that
must be considered in power system models, especially when projecting future grid conditions?

2. What are the most important regulatory and market design questions that will impact the role of energy
storage in future zero-carbon systems? How can models best provide guidance to these questions?

3. What are the most important modeling challenges to better assess the role of energy storage in future
decarbonized power systems? Will a gradual evolution of existing models be sufficient? Or do we need
to rethink entirely how we analyze these systems?
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