How States, Cities, and Customers
Can Harness Competitive Markets
to Meet Ambitious Carbon Goals

THROUGH A FORWARD MARKET FOR
CLEAN ENERGY ATTRIBUTES

EXPANDED REPORT INCLUDING A DETAILED MARKET DESIGN PROPOSAL

nrg.

Kathleen Spees
Samuel A. Newell
Walter Graf

Emily Shorin

September 2019

e Brattle crowr



Notice

This market design proposal was prepared by authors from The Brattle Group for NRG.
The views presented are those of the authors and do not represent the opinion of The
Brattle Group or its clients. Any errors are the sole responsibility of the authors.

Copyright © 2019 The Brattle Group, Inc.



Table of Contents

EXECULIVE SUIMIMATY ....oiiiiiiiiiiiiiieieit ettt sttt 1
I. Why Use A Competitive Market Approach to Achieve Clean Electricity Goals?.......... 1
A. Traditional Approaches Will Become Too Costly if Scaled Up to Meet Policy

GOALS.c. e 1
B. Broad Competition Will Minimize the Costs of Achieving Carbon Goals............... 2
C. Technology-Neutral Approaches Maximize Efficiency and Reward Innovation ....4
D. A Market Solution Can Better Align with Wholesale Electricity Markets............... 5
II. What Would a Competitive Clean Attributes Market Look Like?.........cccccocerverinicnncnne 6
A. Translating Policy Goals into Market-Based Demand for Clean Electricity ............ 7
B. Procuring the Most Cost-Effective Clean Electricity in a Competitive Forward
IMLATKEL. ...t 9
C. Features for Advancing Beyond Traditional Clean Attributes Products and
IVLATKELS ... 10
ITI. A Potential Roadmap for Implementation.........c..cecueeeeiieniriieniiieniienieeeeeeeeeee 11
Appendix: Detailed FCEM Design Proposal .........cc.cccceirerininencninenenenencncnceneeeenne 13
A. Clean Energy Attribute Credit Product Definition........c.ccecceevevinenencncnincnennens 16
B. Supply and Demand Participation in the Forward Clean Energy Market.............. 18
C. Centralized Forward AUCIONS ......c..ccevueriiriiniiniiiiieeeeeeeeeeeeee e 23
D. Delivery and Performance Obligations for Sellers of Clean Energy Credits.......... 26
E. How Retail Providers Demonstrate Fulfillment of Clean Energy Mandates.......... 28
F. Market Monitoring and MitigatiOn........cccceeeueriirierierienienieeeeerereeeee e 30
G. Alignment with Wholesale Electricity Markets ........ccccoceevevenenerenenenenenennennenn 31
H. Optional Design EI@Ments .......cc.coeeuiviiriiiiiniiniiiiiecceceeeeereeeeeee e 34

brattle.com | i



Executive Summary

Across the U.S., over 100 cities and multiple states have already made the commitment to transition
to 100% clean or renewable energy in the coming years.! In the past year, Xcel Energy became the
first large utility to commit to 100% renewable energy, and the University of California system
committed to 100% clean energy on a short timeline by 2025.2 Nearly three-quarters of the
Fortune 100 companies have adopted sustainability and renewable energy goals.?

Achieving these ambitious public and private goals will eventually require replacing much of the
current fleet of generation that relies heavily on carbon-emitting coal and natural gas. But such an
ambitious transition to clean energy is unlikely to happen on its own, and it is unlikely to be
achieved cost-effectively using traditional policy instruments. What's needed now is to
acknowledge that transitioning to 50% or 100% carbon-free energy will require some
fundamentally different and better policy tools. In this whitepaper, we propose a new forward
clean energy market (FCEM) in order to harness technology-neutral, broad-source competition
and innovation. The FCEM would provide a competitive, regional market for clean electricity
attributes. It would enable states, cities, and customers to achieve their ambitious carbon targets at
lower costs. Furthermore, it would complement existing competitive wholesale electricity
markets.

The transition to clean energy is unlikely to happen on its own because, at least in restructured
states, investment and operating decisions are driven by competitive market forces that do not
adequately account for the cost of carbon emissions. Thus the markets underprovide clean energy
relative to states’ carbon targets. This shortfall has led many states to intervene in the electricity
markets to achieve their policy goals. One approach is to procure and subsidize certain non-
emitting resources directly. Such an approach may appear expeditious but does not necessarily
identify the lowest-cost solutions among the diverse and evolving set of possibilities. The lowest
cost path to decarbonization will be discovered only through innovation and broad competition
among all types of resources and industry players, and across locations with different natural solar
and wind patterns. Only market-oriented approaches will do that. But how can markets
incorporate environmental values and find the least-cost solution?

1 Sjerra Club, 2019.

2 David Roberts, December
14, 2018, published in Vox.
Robyn Schelenz, October 29, 2018,

published by the University of California.
3 Advanced Energy Economy, December 2016.
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The classic economists’ approach is to internalize emissions costs into markets by charging for
emissions, through either taxes or cap-and-trade. Economy-wide carbon pricing is the most
efficient approach because it creates the broadest possible competition for abating carbon across
all economic sectors and technologies. In the electricity sector, carbon pricing can achieve carbon
abatement by making carbon-free sources more competitive, as well as by incentivizing fuel
switching from high-emitting coal generation toward more efficient gas-fired generation. Electric
sector carbon pricing has proven challenging to implement effectively, however, if applied to only
a subset of states, cities, and customers that wish to decarbonize within a highly interconnected
interstate market. The main challenge is that electricity production and associated emissions can
shift or “leak” from the areas that price carbon to those that do not, unless complicated border
adjustments are applied.

For regions that are not able to implement carbon pricing due to political constraints, our proposed
FCEM is an alternative approach that can efficiently guide the transformation to a clean electricity
sector. The FCEM differs from carbon cap-and-trade in that it will pay clean energy resources for
producing energy and displacing fossil generation (rather than charging carbon emitters for their
pollution). We view both approaches as economically efficient, but view the FCEM approach as
more feasible to implement in some jurisdictions.

The FCEM proposal is built around three core ideas: the first is competition, which is critical for
identifying the least-cost solutions to a problem this big and with such varied possible solutions;
this proposal ensures broad competition across carbon-free energy sources (although it does not
incorporate substitution of relatively low-emitting natural gas generation for higher-emitting coal
generation, as a carbon price would). The second is smart product design, where the marketable
product is a clean energy attribute credit (CEAC), which is a certificate for 1 MWh of clean energy
attributes, not including the energy itself. A marketable product reflecting just the clean energy
attributes perfectly complements existing wholesale electricity markets. This allows the combined
markets to find the least cost combination of technologies to meet traditional system needs while
decarbonizing the grid. Traditional system needs are already rewarded through existing wholesale
markets (for energy, capacity, and ancillary services), while the policy requirement to decarbonize
will be rewarded through the new market (for clean energy attributes). Together, the wholesale
markets and the FCEM can ensure that both system reliability and decarbonization targets are
achieved at the lowest possible cost. The third core idea is multi-year forward procurement, using
an auction design with a three-year forward period and the opportunity for multi-year price lock-
in for new resources. This approach has proven successful in supporting financing for new power
sector investments. Moreover, the moderate commitment and forward periods are short enough
to respond to changes in market conditions and leave the burden of technology and market
fundamental risks with developers and investors, who are best equipped to assess fundamentals
and risks and invest accordingly.

The FCEM would be administered by a state agency, a multi-state organization, or even an
independent system operator. States and cities could submit demand bids for CEACs, consistent
with their clean energy goals. Companies or retail electricity suppliers that wish to procure
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additional clean energy to meet private customers’ sustainability goals could also submit demand
bids.

Supply offers could be submitted by any resources that are qualified as contributing to the state’s
clean energy objectives, which could include nuclear plants, renewable generation, and any other
resource that does not directly emit carbon and thus helps displace emissions. The market would
clear only the lowest-cost supply offers to meet demand, and establish a competitive clearing price
at which all transactions settle.* Cleared offers would be paid that price for a delivery term of one
year (for most resources) or for a multi-year period of approximately seven years (for new
resources, in order to provide developers with sufficient long-term price certainty to support
financing new projects).

To pursue a market-oriented, cost-reducing approach, a single state or group of states could
collaborate to develop and implement the clean energy market through an appropriate agency,
possibly with a governance model similar to that used in the Regional Greenhouse Gas Initiative
(RGGI). The proven success and low costs achieved through such a design would likely attract
additional future participation from more producers, states, cities, and customers over time.

4 It is also be possible to establish technology-specific “carve outs” to ensure a minimum share of the
procurements would achieved from nascent technologies that may be higher cost. For example, see the
“targeted resources” provision described in a proposal by The Brattle Group and several coalition
partners, November 2017.
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. ' Why Use A Competitive Market
Approach to Achieve Clean Electricity
Goals?

The next years and decades will see massive investment in clean energy. Many states, cities, and
corporations have pledged to meet most or all of their energy needs from non-emitting resources.
This means not only replacing current emitting generation, but also building enough to electrify
transportation, heating, and many industrial applications. Electrification is currently the most
promising opportunity to cost-effectively decarbonize much of these sectors. The cost of this
ambitious investment program could be very high. To minimize the cost, it will be essential to
utilize competitive, market-based approaches.

A. Traditional Approaches Will Become Too
Costly if Scaled Up to Meet Policy Goals

Although traditional technology-specific subsidies and contracts have succeeded in driving clean
energy investment in some jurisdictions, these approaches are expensive, at are odds with existing
wholesale electricity markets, and may transfer risks from producers to customers. In many places,
total customer bill impacts have been modest so far, but only because the associated goals have
been modest as well. The costs of current approaches could rapidly increase as aspirations for a
low-carbon electricity system rise.

These concerns have already been borne out in other jurisdictions, where more ambitious
objectives met through traditional policy approaches have often led to significant cost problems
that have sometimes eventually triggered customer or policy backlash. For instance, over the last
decade, the Ontario government signed 20-year contracts with many solar, wind, and other non-
emitting resources as part of the overall goal to achieve its current 90 percent clean electricity grid.
However, this momentous achievement has come at a high cost: residents there have seen their
electric bills nearly double since 2008 even as solar and wind prices have come down every year,
as shown in Figure 1. This illustrates the additional costs that can be imposed if policymakers lock
in too many inflexible contracts at high prices, even if they are expected to be the lowest-cost
alternative at the time those resources are procured.

Looking forward, Ontario is pursuing the opportunity to save customers billions of dollars by
transitioning away from their traditional technology-specific contracting approaches and toward
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a market-oriented, resource neutral market.> Figure 1 illustrates the costs reductions that could
be achieved if Ontario were to use a set of unbundled, resource-neutral markets for maintaining
the 90% clean energy fleet as well as for meeting traditional wholesale electricity market needs.

Figure 1
Ontario Electricity Customer Costs While Achieving a 90% Clean Energy System
Compared to lllustrative Costs of Achieving 90% Clean Electricity via a Competitive Market
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Sources and Notes:
Values represent wholesale commodity costs, excluding transmission and distribution. Historical traditional
electricity market costs represent the weighted-average Ontario Energy price (dark blue), and the
(aqua), which includes resource-specific subsidy and contracting costs. Hypothetical future year costs
if using a competitive clean energy market are adapted from a Brattle modeling assessment of the future Ontario
market (not intended to reflect a “but-for” estimate of historical costs). Source
November 30, 2018. The Brattle Group.

B. Broad Competition Will Minimize the Costs
of Achieving Carbon Goals

Using a broad market-based approach will focus the industry’s incentives toward meeting current

and future carbon goals at the lowest possible cost to customers. A truly market-based approach
will spur:

e Competition among different developers of the same technology type, who may be able to
innovate on more cost-effective ways to design, manufacture, install, or operate assets;

> The Brattle Group,

April 20, 2017, prepared for Ontario Independent Electricity System
Operator.
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e Competition among different resource types with varying costs and operating
characteristics (this is especially valuable as the costs of these technologies are rapidly
changing and declining at differing rates);

e Competition among resources across disparate locations (because greenhouse gasses are
global pollutants, the specific location of emissions—and the specific location of
abatement—does not affect the value of carbon abatement);

e Competition between existing and new resources; and

e Competition among different clean energy resources that provide a variety of grid services,
which are compensated via existing wholesale markets for energy, ancillary services, and
capacity.

The cost-saving effects of resource-neutral competition are demonstrated in Figure 2, which
compares the costs of achieving state clean energy goals if using a system of targeted subsidies (in
red) to the costs if using a competitive FCEM (in blue). The left-hand side of Figure 2 shows
illustrative costs of a variety of different resources and technologies that could be used to achieve
carbon or clean energy goals, with resources sorted in order of increasing costs. The resources
highlighted in red would be those selected under traditional policy approaches using technology-
specific subsidies and bundled contract procurements. The resources developed under a suite of
traditional policy approaches would likely support the development of both high-cost and low-
cost clean resources, resulting in relatively high total costs (red bar on the right-hand chart).

The left-hand chart also illustrates the cost-savings that can be achieved with a competitive
market. Under a resource-neutral FCEM auction, all sellers will offer in at the minimum price they
need in order to develop a clean energy project.® The auction can then select only the lowest-cost
resources regardless of technology, age, location, or other non-price attributes (resources
highlighted in blue). This approach may result in procuring an entirely different mix of resources
than would have been supported under traditional policy approaches, including some very low-
cost resources that may not have been eligible to participate. As shown on the right-hand chart,
the overall costs of such a program can therefore be much lower to achieve the same
decarbonization goals (alternatively, the same program budgets can be used to achieve much more
ambitious carbon reductions).

6 This discussion assumes a uniform price auction format; pay-as-bid auction formats incentivize different
(strategic) bidding behavior and may result in somewhat less efficient outcomes.
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Figure 2
Competitive Markets Drive a Lower Cost Procurement of Clean Resources
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This market-based approach can also greatly benefit (primarily corporate) customers wishing to
privately exceed state-level targets. These individual customers can benefit from a centralized
market platform that would help them purchase their desired clean energy resources at lower costs.
This platform would enable private buyers to procure large or small quantities of clean electricity
supply at a competitive price with minimal transactions costs, counterparty risks, and or other
complexities that arise when contracting individually with developers. Developers, too, will
benefit from a platform that offers a predictable opportunity to sell clean energy under
standardized terms and under a level playing field. Thus, having a centralized competitive market
can improve economic efficiency and lower costs by connecting suppliers with customers who
want to set their own targets, goals, and commitments.

C. Technology-Neutral Approaches Maximize
Efficiency and Reward Innovation

Another benefit of this proposed market is that it would allow competitive forces to identify the
least-cost mix of resource technologies to reach carbon policy goals, and incentivize suppliers to
find ways to deliver cleaner energy at lower prices. This market design rewards innovation in
carbon abatement technologies and provides revenues for potential developers, new entrants,
entrepreneurs, and existing generators alike as they seek to reduce carbon emissions. Competition
across technologies avoids relying on policymakers to accurately predict the future of costs and
innovation, or to pick “winners” and “losers.” Instead, the market determines how the best mix
changes over time to meet increasing decarbonization targets.’

7 As described in our prior work in New England, there are also variations of the FCEM that could
introduce technology-specific carve-outs to support a preferred technology. Such a mechanism would
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For example, the most cost-effective mix of clean resources could evolve over time. At first, the
lowest-cost existing supply might come from older nuclear and hydro resources that need
refurbishment to continue operating. Next, high-quality wind resources could provide the lowest-
cost clean energy. This may transition to solar resources as the best wind sites become saturated
and peaking needs make consistent daytime production most important; this shift to solar would
be incentivized based on the combined incentives of the FCEM and the unbundled value for other
grid services. Finally, the most valuable technologies may transition to storage and demand
response after intermittent supply displaces most fossil generation. Our proposed FCEM will
facilitate and encourage this industry evolution. Continuing advances in unbundled energy,
ancillary service, and capacity market designs will provide a strong complement to the FCEM to
ensure appropriate incentives to avoid curtailments and incentivize flexible resources such as
storage.?

The central benefit of this markets-based approach is that it incentivizes creative market
participants to identify new solutions and technologies that policymakers cannot hope to think of.
The ability to attract on that creative potential will be essential to meeting aggressive targets
quickly and at the lowest cost.

D. A Market Solution Can Better Align with
Wholesale Electricity Markets

A market-based approach such as the FCEM has additional benefits beyond efficiency and cost-
effectiveness. One key benefit is improved alignment with existing wholesale capacity, energy,
and ancillary service markets. Most importantly, a marketable product reflecting just the non-
emitting attributes of qualifying sources perfectly complements existing wholesale electricity
markets for energy and reliability attributes. This allows the combined market forces to identify
the least cost bundle of multi-attribute resources to meet multi-attribute system needs. This
concept is grounded in a mechanism that has been proven to be effective: electricity generators
already produce multiple marketable attributes, including energy, capacity, and various ancillary
services products. The existing markets incent entities pursuing private profits to make investment
and operating decisions that maximize the system value they provide across these multiple
products. Adding a non-emitting resource attribute to the bundle of products that can be sold will

increase costs as compared to a fully resource-neutral approach. For more information, see The Brattle
Group and several coalition partners, November
2017.

8 Note that the full carbon abatement value of flexible resources including demand response and storage
can also be incentivized under an FCEM on a resource-neutral basis with other clean technologies, but
only if there is a mechanism for accurately tracking their carbon value (which traditional renewable
energy credit markets have not previously done). For additional discussion of an FCEM approach that
fully enables storage and demand response see The Brattle Group,

November 2017.
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incentivize all market participants to identify the best resources to jointly supply both traditional
grid services and the demand for non-emitting supply.

One important issue in several electricity markets today is the “out-of-market” treatment of
resources that receive payments for clean energy attributes. In ISO-NE and PJM, such resources
are not allowed to directly participate in capacity markets without being subject to the so called
“minimum offer price rules” (MOPR).® These rules limit the ability of resources receiving out-of-
market clean attribute payments to offer and clear in the capacity market. This can result in two
unsustainably detrimental outcomes from a state policy perspective: first, the resource adequacy
value of these resources may not be fully reflected, leading to more capacity on the system than
needed to meet reliability requirements; second, that customers that are paying for the “out-of-
market” resources end up having to pay twice for capacity.

Our proposed approach is that clean resources receiving payments through the clean energy
market should be considered “in-market” for purposes of interfacing with the wholesale capacity
market, including for purposes of market power mitigation, such as the MOPR. Our design thus
bridges the divide between state carbon goals and wholesale market reliability and least-cost
planning criteria.!°

. What Would a Competitive Clean
Attributes Market Look Like?

Our proposal centers on a regional forward auction for the clean attribute of electricity production,
known as clean energy attribute credits (CEACs). The FCEM differs from carbon cap-and-trade in
that it will pay clean energy resources for producing energy and displacing fossil generation (rather
than charging carbon emitters for their pollution). We provide a high-level overview of this FCEM
in this section, with substantially more detail included in the Appendix.

In the most basic implementation of this approach as we describe in this paper, the clean attribute
product would be similar to unbundled renewable energy credits (RECs) that are used to track
renewable energy generation today. A REC represents the clean attribute of energy generation,
and unbundled RECs are often sold separately from the original electricity production that
generated it. Each REC is tied to a specific delivery year when it is generated. The CEAC product
procured in the FCEM would have these same characteristics. Thus, the FCEM can be viewed as a

®  For a more comprehensive discussion of this issue, see a recent discussion paper by Kathleen Spees,
Johannes Pfeifenberger, Samuel Newell, Judy Chang,
July 2018.

10 The economic rationale for removing the MOPR on such competitively-procured clean energy
resources is that a state non-emitting attribute program that is competitively administered and open to
all qualifying resources on a non-discriminatory basis that satisfies the principles of competition
underpinning the competitive wholesale electricity markets.
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natural successor to existing REC markets. However, the proposed market would incorporate
several advantages over existing markets.

In the FCEM, state policymakers would mandate a quantity of carbon-free power that they wish
to procure for all customers by a given delivery year. The state’s mandated Clean Energy Standard
becomes the minimum quantity of carbon-free electricity, while allowing for easy and cost-
effective over-achievement. At the state level, policymakers can express a desire to accelerate
emissions reductions by utilizing this market design that procures more carbon-free power when
prices are more attractive (but moderating goals in alignment with budget caps if prices are high).

The FCEM also creates a platform that allows private parties to buy additional carbon-free power.
This allows companies, municipalities, public power entities, retail electric providers, and others
to exceed the clean energy standard in a cost-effective manner and with minimal overhead costs.
Each participant would translate its policy or corporate sustainability goals into a quantity of clean
energy, and bid for this quantity in the FCEM. This allows states and customers to control their
future and to procure the quantity clean energy resources that matches their policy goals to phase
out fossil-fired carbon emitting resources over time.

On the supply side, generators who own or are developing resources that produce carbon-free
electricity would offer to sell CEACs in the delivery year at a price they choose. The forward
auction would set the quantity and price of the CEACs procured for the given delivery year.!! By
procuring carbon-free energy for a future year, the new market would incentivize investment in
non-emitting resources. It would provide renewable developers access to a predictable source of
revenues, including multi-year commitments for new resources that help to mitigate investor risk
and reduce financing costs. Overall, this approach assigns regulatory risk to the states/customers,
while leaving technology and cost risk primarily with market participants and investors, who are
best able to manage that type of risk.

A. Translating Policy Goals into Market-Based
Demand for Clean Electricity

For states that have policy commitments to serve a certain share of demand with clean resources
such as through a Clean Energy Standard, these targets would be straightforward to translate into
demand in the forward auction, as shown in Figure 3. In this example, the state currently has a
small share of clean generation but has a target to meet 50% of demand with non-emitting supply
by a certain year. Demand is forecasted to grow to 200 TWh by that future year, so the state target
demand level for the clean energy attribute would be 100 TWh. Any willingness to procure more
CEAGC:s at low prices, or desire to procure less at high prices, would be represented through the
specific shape of each states’ demand curve for CEACs.

11 The delivery year is the period for which resources are committing to produce clean energy in the
forward auction.
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Figure 3
Example: Translating State Goals into Forward Clean Energy Market Demand
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State-offered demand would also be submitted within the context of a commitment to sustained
participation over many years in order to mitigate regulatory risks that may be introduced by
uncertainties in the total auction demand levels over time. For example, states could be required
to commit to a certain minimum demand for a ten-year period, with adjustments allowed as
consistent with changes to total load.!?

Cities, companies, public power, and retail providers might develop their own targets to meet
internal sustainability or green energy goals or offer cleaner energy to their customers. These may
be in excess of what the state will already procure on their behalf, or instead of it, if located in a
state that is not participating in the auction. Thus, each potential market participant has full control
of its level of demand for clean energy attributes. Each state or individual buyer would submit its
demand for clean energy and the maximum willingness to pay for a specific quantity of CEACs.!3
The demand from each state and individual buyer would be summed into an aggregate market-
wide market demand curve, representing to total quantity of CEACs desired by the market at each
price, as illustrated in Figure 4.

Though states could commit to procuring that quantity in repeat auctions over the ten-year period,
individual sellers would not be guaranteed ten-year contracts. Instead, sellers would have an
opportunity to sell into the auction on a year-by-year basis, but would have to compete each year to sell
at the lowest price.

13 Buyers could also use more complex demand curves to represent their willingness to purchase CEACs
as a function of price. This would allow them to represent higher willingness to purchase CEACs at low
market prices if desired.
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Figure 4
Aggregate Demand for Clean Energy Attribute Credits
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The figure represents the aggregate demand from states (here represented using downward-sloping demand curves)
and other independent retailers, companies, and other entities (here represented as discrete price/quantity pairs).

B. Procuring the Most Cost-Effective Clean
Electricity in a Competitive Forward
Market

A forward auction, which occurs three years in advance of the delivery period, brings together
market participants on the supply and demand side of the market. On the supply side, resources
would offer in their estimated clean generation capability at a specified price for the delivery
period. As the market is designed to be competitive, offer prices should reflect sellers’ costs of clean
generation, including going-forward costs of being online in the delivery year. Sellers whose
resources are also valuable for providing energy, capacity, or ancillary services could offer at low
prices into the FCEM because the large majority of the resource’s costs will already be paid for by
revenues from other wholesale electricity markets. The uniform-price auction would attract and
reward the most cost-effective resources. More expensive options would not be selected.

On the demand side, states with mandatory targets for meeting clean electricity goals would make
up the majority of bidders. For bids won by state entities, the costs and associated CEACs would
be passed through to the retail providers within that state. Other participants including private
companies, municipal utilities, electric cooperatives, and retail providers could submit voluntary
bids to procure additional clean energy. These participants could use their cleared bids to meet
corporate sustainability goals or to offer green energy rates to end use customers.

Aggregate market supply and demand would be cleared in a single-price auction as depicted in
Figure 5. The resulting clearing price and quantity would be set at the intersection of these curves,
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and would determine which resources have an obligation to provide the clean attribute and how
much they would be paid for it.

Figure 5
Example: Clearing the Forward Clean Energy Market
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C. Features for Advancing Beyond Traditional
Clean Attributes Products and Markets

While this proposed FCEM will be similar to existing REC markets as described above, it would
also have several important features that will allow it to cost-effectively achieve far more carbon

reductions at lower costs than traditional REC markets:

Technology-Neutral Participation: unlike REC markets with tiered participation that
segments different types of non-emitting resources and that tend to exclude some clean
resource types like nuclear and resources existing prior to established cut-off dates, the
FCEM would maximize participation of all non-emitting supply on a uniform basis.

Mechanisms to Support Price Stability: a graduated demand curve for different quantities
of CEACs at different prices in the forward market, and a spot auction conducted right
before the compliance deadline would mitigate the boom or bust pricing tendencies of
existing REC markets.

Capability to Support Financing of New Clean Energy Resources: several design elements
would support financing for new resources better than existing RECs, including a multi-
year commitment for new resources and a forward auction to support financing of
resources with longer development timeframes.
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In addition, the proposed market would be flexible and easily tailored to integrate with other
enhancements to advance beyond traditional clean energy products and markets. One potential
drawback of the market as presented here is its focus on incentivizing non-emitting resources
while admittedly not providing incentives for lowering the emissions through fuel switching from
coal to gas generation as carbon pricing could.

In an even more efficient but somewhat more complex version of this market, the clean attribute
product could be more directly tied to the marginal carbon abatement value of the resources in
each year. Thus, resources that are expected to displace more carbon, due to the alignment of their
generation profile with carbon emissions on the system, would create more CEACs. In the most
advanced version of this approach, the quantity of CEACs created by a non-emitting resource could
be dynamically related to the marginal rate of emissions in the market at every location in every
real-time market interval. This would incentivize producers to identify opportunities to cost-
effectively displace more carbon faster.!*

ll. A Potential Roadmap for
Implementation

With sufficient political will, the proposal outlined in this paper could be implemented relatively
quickly as a much-needed complement to the existing electricity markets (energy, ancillary
services, and capacity). The initiative to create this market could be taken by a single state, a group
of states, a group of clean energy buyers, or an RTO.

The market would work best if a state agency such as the Illinois Power Authority (IPA) or an
independent organization with a structure such as RGGI or an RTO were to conduct the auction
and manage the updating of market rules. If an independent group is chosen to administer the
market, a new organization could be created or an existing company specialized in supporting the
trade of commodity products could be contracted. If an RTO operates the market, the states could
ask the RTO to create the auction and recover any administrative costs from market participants.
The responsibilities of this organization would be to administer and update rules, register buyers
and sellers, qualify supply, support measurement and tracking, maintain credit requirements, and
implement settlements. A state regulatory body would likely maintain regulatory approvals and
authority to change market rules, or as in the context of RGGI, the independent entity could
develop model rules in collaboration with participants. These rules would then need to be
separately ratified by each participating state authority.

14 The “standardized clean energy attribute credit” would represent 1 MWh of clean energy that displaces
a certain quantity of carbon, for example 1,100 lbs of carbon per MWh. Resources would be credited
with creating more CEACs if they inject clean energy into the grid at times and places that displace
more carbon (and would produce fewer or no CEACs if injecting at times and places that do not displace
fossil generation). For more discussion of this idea, see a proposal by The Brattle Group and several
coalition partners, November 2017.

brattle.com 11


http://files.brattle.com/files/11819_a_dynamic_clean_energy_market_in_new_england.pdf

Finally, state utility commissions or environmental agencies would develop state demand bids, in
alignment with the commitments to achieve carbon abatement and maintain market sustainability.
Large companies, cities, public power, retail providers, and other interested parties could also
develop and submit voluntary demand bids.

The competitive marketplace is fit-for-purpose to identify and reward faster, cheaper, and better
ways to decarbonize the electricity grid. When developed, the FCEM would allow states, retail
providers, end customers, and clean energy suppliers to work in harmony to accomplish the
ambitious goals before us.
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Appendix: Detailed FCEM Design Proposal

This Appendix lays out a detailed market design that states, cities, regional transmission
organizations (RTOs), or others could use for achieving ambitious clean energy goals. This proposal
incorporates the demonstrated best practices in competitive market design and offers solutions for
the common pitfalls and implementation challenges that many states may face in the transition to
a cleaner energy future. This document is intended as a starting point from which additional design
refinements could be made; we anticipate that many details will need to be adjusted to match the
relevant policy goals and regulatory context in each region.

The FCEM can be administered by a state agency, a multi-state organization, or an RTO. States
will submit demand bids for CEACs, consistent with their clean energy goals. The FCEM also
allows customers, cities, companies, or retail electricity suppliers to submit voluntary demand bids,
if they wish to procure additional clean energy to meet private customers’ sustainability goals.
FCEM will also accommodate retailers who contract directly with renewable resources and use
CEAGs from those resources to satisfy their obligation for CEACs for their own customers. Supply
offers could be submitted by any resources that are qualified as contributing to the state’s clean
energy objectives, which could include nuclear plants, renewable generation, and other resources
that displace carbon emissions. The FCEM will clear only the lowest-cost supply offers to meet
demand and establish a competitive clearing price for CEACs.

The FCEM incorporates a number of design elements that will ensure financeability when new
clean energy resources are needed to meet a state’s goals. The first is a forward market period as
illustrated in Figure 6 below; the auctions and associated financial commitments will occur on a
three-year forward basis with payment upon delivery enabling new resources to compete with
existing resources. New resources can earn a price lock-in for clean energy payments for a multi-
year period of up to seven years, supporting financing arrangements. A spot auction after the end
of the delivery period allows for CEAC supply and demand to trade efficiently ahead of deadlines
to demonstrate compliance with CEAC procurement targets, for example, if a retail supplier served
more load than expected and is thus responsible for procuring more CEACs. Other design elements
including a sloping demand curve, CEAC banking, and transparency provisions will further
support the stability and price formation features that have proven successful in attracting
investments in other competitive markets.
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Figure 6
FCEM Auction and Delivery Period Timeline

3-Year Forward Delivery Compliance
Auction period deadline

Year 1 Year 2 Year 3 Year 4

Spot auction

Table 1 provides a summary of the primary design elements and features of the FCEM, which are
described in more detail in the body of this design proposal. Each of these design elements is crafted
in a way that draws on the best practices in competitive market design and applies economic first
principles. Taken as a whole, this design package can help states, cities, and customers achieve
their ambitious decarbonization goals. It will attract innovative players to bring new technologies
to the market, drive down costs, and deliver results faster.
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Product
Definition

Demand
Participation in
the Forward
Auction

Technology-
Neutral Supply
Participation

Forward Auction
for CEACs

Bilateral and Spot
Markets for
CEACs

Monitoring and
Mitigation
Wholesale
Market
Alignment

Competitive
Retail Market
Alignment

Table 1
Overview of the Clean Energy Attributes Market

The product is an unbundled Clean Energy Attribute Credit (CEAC), similar to an
unbundled Renewable Energy Credit (REC)

Optional Enhancement: a “dynamic” CEAC accounting approach can award more CEACs
to resources that displace more carbon emissions. This variation can readily enable
batteries and focus incentives toward achieving more carbon abatement faster

State demand will be expressed as a sloping demand curve that will buy higher
quantities if supply is available at lower cost

Additional voluntary demand bids can be submitted by cities, public power entities,
customers, companies, retail providers, or others. These bids are expressed as price-
quantity pairs, representing the willingness to pay for CEACs

Optional Variation: Buyers will have an option to submit a preference for “targeted”
resource types, for example to meet carve-outs for preferred technologies such as
storage or offshore wind. The auction may procure these resource types even if they are
higher cost than “base” resources, although the buyer can specify a limited willingness
to pay such a premium.

Resources are not restricted by type, location, or generation profile; any new or existing
clean resources can participate, including hydro, wind, solar, nuclear, storage, or other
Storage resources can participate if their charging and discharging profiles displace
system carbon emissions; they offer the value of carbon abatement when discharging,
net of any additional carbon emissions they cause when charging

Forward auction three years in advance of the relevant one-year delivery period to align
with development timeline of new clean resources

Up to seven-year commitment period is available to new resources, over which time the
price is locked-in to guarantee revenue stability

Ongoing trading before and during the delivery year, with a final spot auction after the
delivery year allow supply and demand participants to continually adjust their positions
until the compliance deadline (at which point all load serving entities must demonstrate
compliance with the clean energy standard, and resources must have fulfilled their
delivery obligations)

Targeted mitigation measures to prevent large suppliers from exercising market power
through physical or economic withholding

Operates well with existing wholesale markets and maintains incentives to maximize
energy, flexibility, and reliability value to the grid

CEAC-based revenues are counted as “in-market” in the capacity market, i.e. not subject
to minimum offer price rule (MOPR) provisions that exist in some regions

In states with retail choice, the CEAC is implemented as an obligation on retail providers
to meet a certain fraction of their delivered load through clean energy, e.g. 50% by 2030
Retailers can comply either by making their own CEAC supply arrangements (with self-
supply volumes netted out of auction settlements), or by relying on the centralized
auctions (passing the costs on to customers)

Retailers compete to offer innovative retail energy options to customers, including
additional (up to 100%) clean energy. Retailers can participate in forward, bilateral, and
spot markets and develop hedging strategies to minimize cost and risk
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A. Clean Energy Attribute Credit Product
Definition

The FCEM is a forward auction designed to procure the clean attributes of electricity production,
or clean energy attribute credits (CEACs). One CEAC represents one MWh of delivered clean
energy supply. By procuring (and then retiring) a given quantity of CEACs that corresponds to the
percentage of load to be supplied by clean resources, the state or customer can ensure that the
clean electricity goal is achieved.

1. Technology-Neutral, Unbundled Clean
Energy Attribute Credits

CEAC:s are a natural successor to renewable energy credits (RECs), which have been used for many
years to track renewable energy generation and compliance with renewable portfolio standards
(RPS). Like RECs, the CEACs will be defined as an unbundled attribute, meaning that they are sold
separately from the original electricity that produced them. Thus the “brown power” value of the
same asset can be separately sold into the wholesale power markets or to a bilateral counterparty.
The CEACs represent only the non-carbon-emitting attribute of the energy generation. They do
not include other environmental or non-environmental value attributes, such as NOx emissions or
waste disposal.

There are a few main distinctions between RECs and CEACs:

e CEAQGs are a resource-neutral, uniform product. A CEAC is awarded whenever a resource
generates one MWh of non-carbon-emitting electricity regardless of the resource type,
resource location, or resource age. This is different from RECs which often represent
multiple tiers or technology-specific carve-outs that segment the REC markets into sub-
markets that limit competition among technology types and vintages of resources.

e CEAGs will be expanded to include more resource types than have been qualified in the
REC markets; CEACs will continue to be awarded to renewables, but will also be awarded
to nuclear, storage, and carbon capture and sequestration (CCS), and any other new
technology sources that could be demonstrated to provide clean electricity.

e In its simplest form, a single CEAC is created for each MWh of clean energy produced,
which is the same definition as a REC. However, we also propose a more advanced option
for a “dynamic” CEAC product that would award a varying quantity of CEACs in
proportion to the volume of carbon displacement achieved by each clean MWh produced
(see Appendix H.1 for details).

The importance and value of the unbundled CEAC product will be amplified by the FCEM design
as a major advancement beyond traditional approaches relying on bundled power purchase
agreement (“PPA”) solicitations or technology-specific subsidies. The FCEM is designed to procure
only the CEACs and not the capacity, energy, or ancillary services that may be produced. The

brattle.com 16



procurement of these unbundled attributes will introduce large societal and customer cost savings
as compared to traditional approaches relying on bundled long-term contracts that have
historically procured RECs alongside the real energy and capacity value that a clean resource might
produce. The unbundling of CEAC procurements from these other value streams will require the
clean resource seller to separately market their energy, capacity, and ancillary services into the
wholesale market or to other buyers. This “value stacking” of revenue streams can guide private
investors to shift their investment decisions toward resources that provide the most overall value
toward carbon abatement as well as providing essential grid services, while balancing that value
against resource costs.

Customers also gain cost savings by limiting their payments to only the clean attribute values they
require and avoiding the need to pay for the full investment costs of a new clean resource. This
avoids locking customers into a long-term PPAs with clean resources that offer the clean attribute
that the customer wants, but in a bundled contract that also includes energy and capacity that the
customer does not want (e.g. because the energy or capacity produced does not match term,
quantity, location, or temporal profile that best matches the customer’s own consumption.
Customers and state solicitation agents further avoid the need to apply deeply uncertain
administrative judgments in how to appropriately value resources with different energy profiles
or capacity values. Customers and suppliers alike will benefit from a standard product format that
avoids the significant transactions costs, counterparty risks, and risk allocation challenges
associated with bilateral contracting.

An enhanced CEAC product definition would define each credit in proportion to a standard
expected quantity of carbon emissions abatement, thus awarding more CEACs to clean energy
resources that displace more carbon. This definition would more flexibly and accurately account
for the carbon abatement value of different resources, which varies depending on their location
and time profile of generation (both of which affect the carbon emissions they can displace). This
alternative product definition, which we call a “Dynamic” CEAC, can also reward and incentivize
storage and other resources that have carbon abatement value but would not be compensated
under the simpler CEAC definition. We discuss the Dynamic CEAC in detail in Appendix H.1.

2. Clean Energy Attribute Credits Qualification,
Tracking, and Accounting

The accounting process for CEACs can rely on the same or similar qualification tracking
mechanisms as those used for tracking RECs.> To enhance the tracking system to align with the

15 Existing North American REC tracking systems include: Michigan Renewable Energy Certification
System (MIRECS), Midwest Renewable Energy Tracking System (M-RETS), New England Power Pool
Generation Information System (NEPOOL GIS), Nevada Tracks Renewable Energy Credits (NVTREC),
New York Generation Attribution Tracking System (NYGATS), New American Renewables Registry
(NAR), North Carolina Renewable Energy Tracking System (NC-RETS), PJM-Generation Attribute
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CEAC product definition, states first need to establish qualification criteria for earning CEACs. As
is already the case in REC tracking systems, states will need to establish a methodology for
verifying the generation of each credit using on-site meter data. After verification, CEACs will be
awarded to the registered asset owner. Once the asset owner receives the CEACs, they can then
transfer the credits to other parties. These exchanges might include transfers related to bilateral
contracts, transfers for the purpose of fulfilling exchange trades, or submissions to the FCEM
market administrator in order to fulfill FCEM sales obligations. Buyers, sellers, and traders can also
hold the CEACs on account as needed until they retire or resell the credits.

B. Supply and Demand Participation in the
Forward Clean Energy Market

The FCEM will enable supply and demand to transact for clean energy. Demand for CEACs will
reflect state, city, company, and customers’ clean electricity goals. States’ policy goals will be
translated into a clean energy standard imposed on load serving entities (LSEs) and represented in
the auction as a downward sloping demand curve (see Appendix E for details on the mechanics of
interactions between the forward auction and retail markets). The supply side will reflect the cost
at which resource owners can deliver clean electricity. The centralized marketplace with a
standard product design will offer a number of benefits including enhanced liquidity, enhanced
transparency, low transactions costs, and low counterparty risk.

1. Demand Participation

States, cities, companies, and LSEs will comprise the demand in the FCEM; buyers specify their
demand bids by providing price and quantity pairs that reflect the maximum quantity of CEACs
that they will wish to purchase over a range of prices. These individual demand bids reflect each
customer’s willingness to pay to meet their own goals, ensuring no customers are forced to
subsidize other customers’ demand for CEACs.

State Demand to Meet Clean Electricity Goals. For states that have policy commitments to serve a
certain share of demand with clean resources such as through a Clean Energy Standard, these
targets will be straightforward to translate into demand in the forward auction. States that aim to
accelerate their clean electricity achievement as long as prices are modest will submit their demand
for clean energy as downward-sloping demand curves to purchase higher quantities at lower prices
(see Appendix B.2 for a discussion of how to establish demand curve parameters). When the FCEM
clears, each state passes on its purchase obligations to LSEs within the state for the delivery period
unless those retailers have already made self-supply plans (see Appendix E). States’ price points are
tied to their level of commitment and maximum program cost tolerance for achieving their clean
energy goals. The maximum willingness to pay to displace carbon from the electricity system
determines the price cap that states submit.

Tracking System (PJM-GATS), Western Renewable Energy Generation Information System (WREGIS),
and Texas Renewable Energy Credit Program (Texas REC).
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Voluntary Demand Bids from Cities, Companies, and Retail Providers. Although not required by
state law, other entities may want to procure clean energy in addition to state procurements.
Companies, retail providers, municipal utilities, and electric co-ops may also participate in the
FCEM. These groups are likely motivated by climate commitments, corporate sustainability goals,
or providing green energy to end consumers. Voluntary participants submit demand bids solely in
the form of price-quantity pairs, reflecting those customers’ willingness to pay to purchase each
incremental quantity of CEACs.

Total Demand is the horizontal aggregation of all demand bids from states, cities, companies and
retailers as illustrated in Figure 4. The demand curve is constructed by calculating the total
quantity demanded in aggregate across all customers at each price. The aggregate demand curve
would consist of a series of downward-sloping segments (reflecting state procurements under the
states’ downward-sloping demand curve), intermixed with price-quantity pair segments (reflecting
voluntary buyers’ demand for CEACs).

Figure 7
Aggregate Demand for Clean Energy Attribute Credits
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Note: Demand in this figure is represented as the percentage of a specific state’s demand, although the design
will maximize benefits if extended to clear supply and demand from multiple states together in the same
auction.

2. Expressing State Demand as a Downward
Sloping Demand Curve

States can use a smooth downward-sloping demand curve to express their willingness to pay for
CEAGCs. There are a number of benefits to using a sloped demand curve. A sloping curve mitigates

the year-to-year price volatility as market conditions fluctuate and mitigates potential exercise of
market power (see Appendix F). These beneficial price formation properties can stabilize pricing
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in the FCEM in a way that helps to support the financing of new resources when needed. A sloping
curve can also help balance program costs against the pace of decarbonization to achieve faster
carbon abatement if this can be done at reasonable costs to the consumer. If large amounts of
CEACs are available at lower than expected costs, the auction would automatically clear more
supply at a lower price to allow an accelerated decarbonization trajectory.

In Figure 8 we provide an example of an illustrative sloping demand curve that a state could bid
into the auction. The curve is defined by three price and quantity points that would be updated
each year using a formula that reflects a state’s willingness to pay to achieve carbon abatement:

e Point B: The curve is anchored at “Point B” which is the procurement target at a price equal
to the “Reference Price” established based on either the Clean Net CONE, or the Social
Cost of Carbon (see additional discussion of these two options below).

e DPoint C: To the right of the anchor point, the demand curve slopes downward and reaches
“Point C” at a price of zero at either two times the procurement target or 105% of forecasted
electricity demand, whichever is lower. This low-priced portion of the demand curve
enables the state to pursue an accelerated pace of decarbonization if it is possible to do so
at low cost.

e Point A: To the left of the anchor point, the curve slopes up to the price cap at “Point A”.
The price is capped at 1.5 times the Reference Price, at a quantity 5% less than the target.
This higher-priced portion of the demand curve allows the pace of decarbonization to
moderate slightly if CEACs are only available at high prices, e.g. in case there would be a
period with high commodity prices or tight financial market conditions. During such a
time, a state may wish to take a somewhat moderated pace as a cost mitigation decision.

We offer these price and quantity points as a reasonable starting point for states that wish to use a
demand curve approach, though the specific formula for each point should be adjusted to match
the state’s policy priorities. If a state prioritizes never falling short of the target, “Point A” should
be right-shifted so that the sloping part of the demand curve can start at the target. If total cost is
the main concern, the price at the cap can be lower than in Figure 8. If the state wishes to maximize
the pace of decarbonization, the foot of the curve can extend to 105% of load even if the target
begins at a low level. As long as the curve passes through the target quantity at a price near or
above the Reference Price, the curve will help meet the carbon objectives while appropriately
balancing costs, mitigating price volatility, and supporting a sustainable marketplace.
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Figure 8
Illustrative State Demand Curve for CEACs
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There are two ways to set the “Reference Price” used to guide price levels in the demand curve:
based on the Clean Net CONE or the Social Cost of Carbon. The state or its designated auction
administrator would set this price in a predictable fashion and update it periodically. The Clean
Net CONE approach is based on the theory that prices in the FCEM should converge to the long-
run marginal cost of supply, i.e., the price for CEACs that would be needed to attract additional
new clean energy resources into the market. This is the same approach used to set demand curve
price levels in wholesale capacity markets. The primary advantage of the Clean Net CONE
approach is that it is very likely to achieve the emissions target in each year. The disadvantage is
that demand curve may not as accurately represent the social value of carbon abatement. The Clean
Net CONE would be calculated as the annualized investment and fixed costs required to build a
new clean energy resource, minus the revenues that the resource would already expect to earn
from the wholesale energy, capacity, and ancillary service markets. The net remaining cost is the
CEAC-based payment price needed to attract new clean energy into the market. This cost could
be estimated in a bottom-up engineering study every 3-4 years, with formulaic annual updates (as
is done in wholesale capacity markets).

An alternative approach for setting the Reference Price would be based on the Social Cost of
Carbon, or the state’s determination of the value it places on avoiding carbon emissions. Many
states have begun to use a Social Cost of Carbon metric for a variety of regulatory and
environmental policy purposes in order to provide a common benchmark for establishing which
policy measures and investments are (and are not) cost effective to pursue.!® This approach to
setting the CEAC demand curve offers the theoretical benefit of aligning the state’s willingness to

16 Institute for Policy Integrity. New York University School of Law. Accessed July
26, 2019.
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pay with other policies and with the social benefit of mitigating emissions. The Social Cost of
Carbon would be measured in dollars per ton (or dollars per tonne) of carbon dioxide emissions.
Table 2 contains the federal estimates for the Social Cost of Carbon that could be used in setting
the demand curve and how that value may increase over time. Then the Social Cost of Carbon is
translated into a $/MWh rate based on the average marginal emissions rate avoided by a CEAC,
and should subtract out any carbon abatement value that clean energy resources are already able
to capture under state or federal carbon pricing mechanisms (such as through state cap and trade
programs such as the Western Climate Initiative (WCI) or the Regional Greenhouse Gas Initiative
(RGGI)). As an example of that calculation, the year 2020 Social Cost of Carbon from Table 2 at
$47/ton could translate into approximately $32/CEAC as the Reference Price.!” This value would
be updated each year based on adjustments to the deemed Social Cost of Carbon, the prevailing
price in other carbon pricing programs, the most recent data on the average avoided emissions
from each CEAC, and inflation.

Table 2
Social Cost of Carbon that Could Be Used in Setting Demand Curve (Real 2019$)

Social Cost

Year of Carbon
(s/ton)
2020 $47.25
2025 $51.75
2030 $56.25
2035 $61.87
2040 $67.49
2045 $71.99
2050 $77.62

Source: Technical Update of the Social Cost of Carbon for

Regulatory Impact Analysis Under Executive Order 12866 (May 2013, Revised August
2016). Table ES-1: 3% Average Discount Rate. Converted from the original 2007$ to
20198, and from metric tonnes to short tons of carbon dioxide.

The range of possible clearing outcomes from using the above demand curve for CEACs is
illustrated as the gray area in Figure 9. If large quantities of CEACs are available at prices lower
than the Reference Price, and the market will repeatedly clear to the right of the anchor point and
the state will follow an accelerated pace of decarbonization. Under this demand curve shape, there
is a significant likelihood of accelerated decarbonization, translating to the possibility of 100%
decarbonization as early as 2030 if costs are low enough (even though the state target is 50% by
2030 and 100% by 2040 in this example).

17 Assumes that the cap-and-trade program carbon price is at an illustrative $5/ton and the marginal
avoided emissions of 1 CEAC is 1,500 1bs/MWh. The conversion of Social Cost of Carbon from $/ton to
$/CEAC is: ($47.25/ton SCC value - $5/ton cap-and-trade price) x 1 ton/2,000 1bs x 1,500 Ibs/MWh x 1
MWh/CEAC on average = $31.68/CEAC.
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Figure 9
Potential Pathways to Decarbonization with a Sloping Demand Curve
(Example of a State with Clean Energy Targets of 25x2030, 50x2030, and 100x2040)
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3. Supply Participation

Suppliers who own or are developing resources that produce carbon-free electricity can offer to
sell CEAGCs in the delivery year at a price they choose. Anyone who can supply carbon-free
electricity can participate if they are qualified to do so. Suppliers must provide verification that the
resource creates carbon-free electricity, documentation about meeting development milestones,
and the ability to meet credit requirements. For existing resources, the quantity of supply the
resource is eligible to offer must align with historical output. For new resources, or those with
short operational history, the quantity must align with a class average estimated output.

Similar to demand bids, suppliers will submit sell offers in the form of price and quantity pairs
representing their willingness to sell CEACs at each price. These offers can be specified as either
continuous or discrete offers, allowing for proper treatment of resources with lumpy investment
costs (such as an all-or-nothing, go/no-go decision that will apply to an entire asset).

As with demand, the aggregate or system supply curve represents the overall system supply for
CEAGC:s at each price, and can be calculated by summing the aggregate quantity available from all
suppliers at each price.

C. Centralized Forward Auctions

A centralized auction will bring together demand bids and supply offers into a single market and
determine the CEAC price and clearing quantity. This forward auction occurs three years forward,
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for each one-year delivery period, with FCEM clearing results made available prior to the
beginning of the bidding window of the forward capacity auction where applicable. In
combination with the capacity and energy markets, the FCEM will support the efficient entry and
exit of supply and support financing of new resources.

The auction itself could be conducted by an ISO or RTO; a single state (or its designated auction
administrator); a multi-state organization; or independent body. The auction administrator would
be responsible for collecting demand bids and supply offers, clearing the auction, and tracking
CEAC creation, transfers, and retirements. The auction administrator would also be the
counterparty for all market activities so as to ensure proper credit requirements and implement
settlements.

1. Auction Clearing and Price-Setting

The auction administrator will conduct the forward auction as a single-price, single-round auction.
As shown in Figure 10 below, the clearing price will be set at the intersection of the supply curve
(comprised of all supply offers arranged in order of increasing price) and demand curve (comprised
of all demand bids arranged in order of decreasing price).

The auction administrator will determine which supply offers and demand bids are cleared. All
supply that offered below the clearing price will receive an obligation to provide CEACs in the
delivery year, and the right to get paid the clearing price for each CEAC. Similarly, all demand
bids submitted above the clearing price will be awarded the right to collect a CEAC and the
obligation to pay the auction clearing price for their cleared CEACs. Settlements will not be
implemented until the delivery year.
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Figure 10
Example: Clearing the Forward Clean Energy Market
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2. Multi-Year Price Lock-In for New Resources

New resources will have an option to lock-in prices for a pre-specified seven-year term (or some
other reasonable pre-specified term). This price lock-in is similar to the new entry price lock-in
that is available under the ISO-NE capacity market.!® Resources that qualify as new and are thus
eligible for a lock-in can be awarded the right to the original clearing price for up to seven years.'?
The purpose of such a mechanism is to further support the ability of investors to finance new
competitive clean entrants under more attractive terms. These offers will be considered in merit
order alongside single-year offers.

Supply and demand that are already matched from prior years’ multi-year commitments will be
pre-scheduled as cleared into the auction. This is equivalent to having the already-committed
supply incorporated as a price taker in the auction (see additional discussion in Appendix H.2). For
new lock-in supply offers in each auction, the quantity that is cleared must be no greater than the
quantity of state demand in the auction in that year (since voluntary demand bids will not be
subject to lock-in terms).

18 This price lock-in mechanism will tend to reduce competition between new and existing resources,
such that it creates an advantage for new and somewhat reduces market competitiveness and efficiency.
The primary reason to include a multi-year price lock-in is to ensure financeability of new resources.
Over time as the market is demonstrated to be robust and reliable, it may be possible to reduce the term
or eliminate the lock in to maximize efficiency.

19 The specific determination of “new” resources that are eligible for the multi-year price lock-in would
be determined as part of the detailed market design.
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D. Delivery and Performance Obligations for
Sellers of Clean Energy Credits

Sellers will be obligated to physically deliver the CEACs that they have sold in the forward auction,
either by producing the required quantity of CEACs or by identifying another source of the
CEAG:. Failure to deliver the CEACs will result in appropriate non-delivery penalties.

1. Physical Delivery and Settlements

Sellers will demonstrate fulfillment of their obligations to produce CEACs by delivering certified
CEACs awarded and accrued in their individual accounts from the tracking system to the FCEM
administrator on a monthly basis in the delivery year. Excess CEACs produced in any one month
will be held in the seller’s account to be used for physical delivery in future months or for sale to
other entities, through bilateral transactions or in a centralized auction at a later date as described
below.

Sellers will be paid monthly at the original auction price based on the quantity of CEACs delivered
in each month. As the delivery period is annual, sellers can fulfill their obligation to deliver CEACs
in any month of the delivery year; in other words, any monthly deficits in delivered CEACs could
be fulfilled and settled in later months in the same delivery year without penalty as long as any
shortfall is remedied prior to the compliance deadline (see Appendix D.3).

2. Spot Auction

A final spot auction will be conducted after the end of each delivery period after the final quantity
of CEACs created is known, and before the LSE compliance deadline.? This spot auction will
provide a centralized market for buyers and sellers to transact CEACs after the delivery period. It
will help stabilize CEAC prices and provide an opportunity for market participants to meet
obligations and manage holdings as needed before the compliance deadline applicable to LSEs.
Supply and demand will reflect the following:

e Supply: Generators and retail providers ending the year with a surplus of CEACs could sell
into the spot auction.

¢ Demand: Generators and retail providers or other customers with a deficit of CEACs could
submit buy bids.

This spot auction would be conducted after the delivery year but prior to the LSEs’ CEAC
compliance deadline. The price cap in the spot auction would be the same as the price cap in the
forward auction. This will provide the market a final opportunity to adjust their positions, provide
additional price transparency/liquidity prior to the LSE compliance deadline.

20 The quantity of CEACs created in each year will naturally vary depending on generation from clean
resources as associated with factors such as weather conditions.
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3. Penalties for Non-Delivery of Clean Energy
Attribute Credits

Suppliers that cleared the forward market will have obligations to fulfill CEAC delivery based on
their forward sales and will have multiple opportunities to fulfill that obligation. These options
include physical delivery through clean generation that results in creation of CEACs, bilateral
transactions to purchase CEACs from other entities, and the spot auction.

Any remaining supplier deficiency at the timing of the spot auction will be automatically fulfilled
with a mandatory buy-out bid. Such a bid may induce a significant loss or penalty on a supplier in
the event that they had cleared at a low price in the forward market but must then buy out of that
obligation at a higher price in the spot auction to cover any remaining shortfall. No additional
penalty will be assessed on suppliers unable to meet their forward obligations.

4. Banking of Unused CEACs

Excess CEACs can be maintained in account or “banked” one-for-one for use in future years. Any
banked CEACs can be used to fulfill future commitments by reducing the quantity that needs to
be purchased (by LSEs and other loads) or increasing the quantity that can be sold (by clean energy
producers).

This market design component ensures that unused CEACs continue to have value in future years.
This helps to stabilize CEAC prices in the FCEM and spot markets, and reflects the underlying
long-term societal value from carbon abatement embodied in the CEAC, which is not tied to
abatement in any particular year. In this way, we see the FCEM as significantly different from the
other wholesale energy and capacity markets they complement. For example, excess energy
produced in one year cannot be used to fulfill demand in a following year. This is because the value
of energy is tied to the location and time it is produced. In contrast, the value of a CEAC
corresponds to a unit of carbon abatement, and atmospheric carbon has a very stable global
warming potential over multiple decades. Thus, carbon abated in one year, or an additional CEAC
produced in on year, has nearly the same value in the following year, reflected in the one-for-one
banking provision.

This provision will apply to market participants on both the supply and demand side:

e (lean energy producers that create CEACs in excess of their forward obligations in a
particular delivery year will be allowed to sell them through bilateral transactions or the
spot market or bank the credits to sell in subsequent delivery years’ forward, spot, or
bilateral markets.

o Entities such as LSEs with a customer obligation to purchase and surrender CEACs
corresponding to a share of energy consumption may also find themselves with an excess
of CEAGC:s if their customers’ realized retail energy consumption was lower than expected.
These entities will also have the option to roll over CEACs to be used in future years.
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E. How Retalil Providers Demonstrate
Fulfillment of Clean Energy Mandates

Much like with current renewable portfolio standards, states or other policymakers will establish
clean energy mandates and require LSEs to fulfill this requirement. In states with retail choice, this
means that competitive retail providers will take on the obligation of fulfilling the clean energy
mandate. For example in a state that has a 50% clean electricity requirement, retail providers will
need to procure approximately 0.5 CEACs for every MWh of retail load the provider serves (plus
or minus any adjustment associated with demand curve clearing). Retail suppliers can actively
manage their CEAC portfolio on a forward basis or passively accept the outcomes of the centralized
FCEM. This approach is analogous to the forward obligations placed on retail providers by
centralized forward capacity markets.

On a forward basis, the state will submit demand in the FCEM that represents all energy
consumption in the state. The quantity cleared in the FCEM determines the final quantity as a
percentage of consumption that all LSEs and competitive retailers must procure on behalf of their
customers. For example, if the state target is 50%, but the FCEM clears at a lower price and 52%
of the demand curve quantity, then the final obligation on retail providers is 52%. This percent
quantity requirement will be held constant through the delivery period. For retailers with a passive
approach to fulfilling the clean energy mandate, they will not actively participate in the forward
auction (instead allowing the state-developed demand curve to act on their behalf).

During the delivery year, each month a specific quantity and cost obligation from the forward
market will be transferred to retail providers, consistent with the clearing outcome from the three-
year forward FCEM auction. Because many states have retail choice policies, the quantity of CEACs
and obligations applied to each retailer will be adjusted to be consistent with customers that switch
providers during the year. This approach reflects the current practice in most capacity markets,
where a centralized single buyer allocates costs to retailers or LSEs in a manner that reflects their
overall contribution to the need for capacity at the system level. In the same way and using the
same daily customer switching data as is used for capacity markets purposes, the FCEM
procurement costs will be allocated to individual retail providers and LSEs consistent with their
share of customer demand realized in the delivery year.

For retailers who choose to actively participate in the FCEM, there are several options for the
retailer to manage their positions and value proposition to customers:

e  Priorto the three-year forward auction, retailers can choose to engage in a forward contract
or self-supply of CEACs. Secured clean energy supply can be pre-scheduled into the FCEM
auction and netted out of the retailer’s settlement obligations. For example, assume a
retailer anticipates 100 MWh of retail load, decides to self-supply 30 CEACs prior to the
FCEM, and the FCEM clears with a 52% compliance obligation on retailers. The 30 CEACs
of retailer self-supply will be accounted for and netted out of the FCEM cleared quantity;
assuming realized retail load in the delivery year remains at 100 MWh, this retailer will be
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allocated 22 CEACs and the associated costs in the delivery year (the 52 CEACs that would
have been procured via the demand curve, minus the 30 CEACs that were self-supplied).

o After the forward auction, during the delivery year, and before the compliance deadline,
retailers can trade CEAC obligations bilaterally either via short-term contract or through a
trading exchange in advance of delivery. The required quantity of CEACs that each retailer
is obligated to procure can change up until the end of the delivery year, due to adjustments
in customer base (from retail switching), and due to deviations in realized customer
demand compared to the three-year forward forecast. However, the percentage of retail
load obligated under the clean energy mandate would remain at the same percentage that
cleared the forward auction.

o After the delivery year, a voluntary spot auction will be conducted to allow retailers and
clean energy suppliers to efficiently trade CEACs, as described in Appendix D.2. Retailers
can participate on a voluntary basis to offer any excess CEACs held in account for sale into
the spot auction, or can hold them to be used in future years. The outcome of the spot
auction will not change the retailer’s obligated quantity of CEACs.

At the compliance deadline following the spot auction, retail providers and LSEs will need to make
a submission to the state demonstrating compliance with the CEAC obligation quantity (possibly
via the auction administrator, to simplify the tracking requirements). This deadline will serve the
same role as the compliance deadlines applicable under current renewable portfolio standards. The
retailer’s compliance filing will report total MWh of electricity served, applicable percentage clean
energy mandate as established in the forward auction, resulting CEACs submitted for retirement
under the mandate, and any additional CEACs submitted for retirement under incremental
voluntary green energy offerings. If a retailer submits insufficient CEACs to fulfill its mandate, the
remaining shortfall of CEACs will be subject to a penalty defined by the alternative compliance
payment (ACP). Unlike in current programs, the ACP will not be defined by a specific pre-
determined price. Instead it will be set individually for each retailer or LSE as a function of the
size of its shortfall based on the pricing in the demand curve. For example, consider a retailer that
is obligated to deliver CEACs to cover 52% of its realized customer demand but only surrenders
enough CEACs to cover 48%; the ACP on the retailer’s 4% quantity shortfall would be defined by
the demand curve price in $/CEAC that would have prevailed if the entire market had cleared at
a 48%. This ACP creates a penalty that encourages retailers to fulfill their obligations, with
increasingly high penalties (up to the FCEM auction price cap) for anyone that would fall short of
their obligation. This mechanism will also support pricing stability in the bilateral and spot
markets, and avoid “end price effects” that can sometimes produce price spikes or fallout as the
compliance deadline approaches.?!

2l Note that in a market with no banking and a fixed ACP at say $100/CEAC, the market would tend to
converge to one of two pricing extremes at either $0 or $100/CEAC as the market came to realize if the
aggregate quantity of CEAGs is slightly in excess or slightly in shortage. This sort of volatile, bimodal
pricing is not helpful in a market intended to value the long-run societal value of displacing carbon
emissions, which once emitted will remain in the atmosphere at a relatively stable level for many
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F. Market Monitoring and Mitigation

The FCEM will include a framework to mitigate market power and ensure outcomes are as
competitive and efficient as possible, similar to other electricity markets.

We anticipate that the FCEM should not be very susceptible to the exercise of market power except
in select circumstances. This is primarily because we expect the auction to have relatively flat
supply and demand curves, meaning that it would be very challenging for any one large player to
gain enough market share to profitably exercise an economic or physical withholding strategy. The
demand curve will likely be relatively flat because states may wish to procure large quantities of
CEACs beyond the state target if prices are low; voluntary demand bids will further flatten the
demand curve. The supply curve will be relatively flat due to the market design with a broadly
competitive, open market that can enable many different types of supply resources. Enabling
competition from out-of-state clean resources (which is already allowed under most state
renewable standards at least for other supply within the same RTO region) will enable a broad
range of regional players to compete to identify the least cost projects from a large multi-state
region at the lowest cost. Further, the ability to carry over supply of CEACs through banking will
create an additional buffer to pricing that will prevent price spikes from the exercise of market
power in any one year. Thus, we expect the design of the FCEM combined with a broadly
competitive and open market to naturally limit opportunities for the exercise of market power.

Despite these mitigating factors, both buyers and sellers in any auction may have the ability and
incentive to exercise market power in select circumstances.?? In those instances, the FCEM would
apply targeted measures that have been demonstrated to mitigate the potential for exercise of
market power. In the FCEM, an incentives test would be used to determine how large a net long
position an individual firm would need to have before they would be deemed to have the incentive
and ability to profitably withhold. Any firm failing that test will be subject to an offer price cap on
their existing resources, consistent with net going-forward costs (drawing on methodologies
already established in the capacity markets, even if the FCEM is administered by a non-RTO
independent body).

Finally, the FCEM auction administrator or market monitor would conduct annual monitoring
and mitigation analysis and reporting evaluating the competitiveness of each forward auction, spot
auction, and bilateral market activities leading up to the compliance deadline. The report will also

decades. The introduction of CEAC banking, the variable ACP, and the downward-sloping demand
curve together will support more pricing stability across time so as to better support investment
decisions and better reflect the stable underlying environmental value of the CEAC attribute.

22 For example, we anticipate this would be most likely in cases where competition is limited or
segmented, for example by excluding certain resource types by location, technology, or vintage.
Another example would be if one individual company owns a very large share of all existing clean
energy within a state (and again, this is mainly a problem only if out of state resources are not enabled
to compete).
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assess whether there could be any need for additional mitigation measures or other changes to
market design to address issues identified.

G. Alignment with Wholesale Electricity
Markets

The FCEM would improve alignment with existing wholesale capacity, energy, and ancillary
service markets. A marketable product reflecting just the non-emitting attributes of qualifying
sources perfectly complements existing wholesale electricity markets for energy and reliability
attributes. This allows the combined market forces to identify the least cost bundle of resources to
meet multi-attribute system needs. This concept is grounded in a mechanism that has been proven
to be effective: electricity generators already produce multiple marketable attributes, including
energy, capacity, and various ancillary services. The existing wholesale electricity markets incent
entities pursuing private profits to make investment and operating decisions that maximize the
system value they provide across these multiple products. Adding a non-emitting resource
attribute to the bundle of products that can be sold will incentivize all market participants to
identify the best resources to jointly supply both traditional grid services and the demand for non-
emitting supply.

1. Energy, Ancillary Service, and Other RTO
Markets

The FCEM and unbundled CEAC approach will significantly improve alignment of state polices
with wholesale energy and ancillary service markets in several ways. These benefits are primarily
achieved by reducing the scope of clean energy policies to pay only for the clean value on an
unbundled basis (and leaving the wholesale electricity markets to reward other benefits that the
resource may offer to the system). As a result, benefits will accrue including:

e Lower clean energy program costs,

e Focusing clean energy program payments through the FCEM on those resources that
displace the most carbon (this benefit will be significantly amplified under the “dynamic”
CEAC approach discussed in Appendix H.1 below),

e Maintaining full incentives from the energy markets to attract resources with the most
advantageous energy output profiles to meet net system peak needs (as well as to operate
these resources in ways that maximize energy value),

e Maintaining energy market incentives to locate in the locations where supply is most
acutely needed and where transmission congestion can be avoided (thus reducing energy
prices and reducing the need for transmission upgrades),

e Maintaining full incentives from the ancillary service market to attract and operate
resources that can provide a variety of reliability services to the grid,
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e Reducing or eliminating the incentives for resources to offer at negative prices into the
energy market.”? Many types of clean energy payment mechanisms incentivize negative
offer prices in the energy market which can be problematic from a customer cost
perspective because it implies that a clean resource will be paid to produce power even at
times when the supply creates negative value to the grid and when it can only be absorbed
by curtailing other clean resources in the same sub-region.

In other words, the unbundled CEAC approach mitigates or eliminates several friction points that
have historically existed between markets and bundled all-in procurements and feed-in-tariff (FIT)
approaches. The FCEM and unbundled CEAC approach eliminates these challenges by
streamlining payments to reward sellers only for their contribution to meeting the defined policy
objective. To the extent that the resource can also provide other valuable grid services as well,
those can be monetized and rewarded through existing market structures.

2. Centralized Capacity Markets

The FCEM will also be well-aligned with the centralized capacity market construct used in many
regions. Similar to the benefits of unbundling the CEAC from energy and ancillary service markets,
the CEAC-based revenues will also be unbundled from the capacity market value. This will allow
states and customers to pay only for the defined policy objective within the FCEM, and leave the
capacity markets to ensure that reliability needs at peak time are served. Clean resources with
relatively small capacity value (like wind and solar) can value-stack across these markets but may
enter primarily as a play for green value and energy value. Clean resources with significant energy
and capacity value (like hydro and nuclear) may earn revenues that are split more evenly across
the various markets. Demand response may earn most money from the capacity market; storage
may earn most money from energy and capacity (with green value expected more abundantly in
future years if many more clean energy curtailments would be expected). Thus, the overall
investment incentives for each resource type will be based on how meaningfully that resource
contributes to each system need.

Another important issue in several electricity markets today is the “out-of-market” treatment of
resources that receive payments for clean energy attributes. The FCEM, with no reliance on carve-
outs, would entirely address this issue. The FCEM would be conducted prior to and separately from
the capacity market. Then, clean energy payments for resources cleared under the resource-
neutral, competitive, market-driven “base” product would be considered “in-market” for purposes
of interfacing with the wholesale capacity market. As a result, they should not be subject to any
capacity market MOPR provisions.

2 Note: if the CEAC is designed similar to a traditional REC, the incentive will be reduced in scale to
match the size of clean energy payments (rather than the total resource cost). If the CEAC is designed
following the “dynamic” approach, then there will be no incentive to offer at negative prices. In both
cases however, other programs such as the production tax credit (PTC) could continue to incentivize
negative offer prices.
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In the long term, the capacity market, energy market, ancillary markets, and FCEM would together
drive the most cost-effective investment choices in each region. In regions where a subset of the
customers are aiming for deep decarbonization, the capacity markets (as combined with energy
and ancillary markets) likely will continue to attract fossil-fuel plants; however the total quantity
of fossil plants developed and retained will decline based on the share of capacity needs met by
clean supply. In comparison, other regions where most or all customers aim for deep
decarbonization, the capacity and energy markets will no longer produce prices that are high
enough to attract or retain fossil plants. In those regions, the quantity of clean energy resources
developed will be large enough to dominate the energy market (reducing energy prices and
displacing fossil plant dispatch) and large enough to meet the majority of capacity needs. In that
scenario, the capacity prices required to attract a natural gas plant would be relatively high, so that
gas plants would be out-competed by lower-cost resources in the capacity market (such as demand
response, efficiency, storage, or clean generation). In the end, capacity prices may be lower than
today (especially in the near term before fossil plants retire), or higher than today (if the cost of
meeting all capacity needs without fossil plants is relatively high). In either case however, the
capacity market can reflect adequacy needs at peak, and work together with the FCEM to guide
the market to invest in the most cost-effective portfolio of clean energy resources.
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H. Optional Design Elements

As we have discussed throughout this paper, we view this FCEM design proposal as a
comprehensive approach to meeting large carbon objectives at the lowest possible cost. However,
there are many differences in the regulatory context across different regions that will require
various refinements or adjustments to this design. The following appendices describe three design
variations that we anticipate may be necessary or useful in certain cases:

e Dynamic Clean Attribute Credits: This design option offers an enhanced product definition
that awards differentiated quantities of CEACs to different suppliers in proportion to their
realized carbon abatement. We would recommend adopting the dynamic CEAC given that
it is more economically efficient than the simpler CEAC product definition described
above; we offer it as an option mainly because it is more complicated and so may take more
time to implement. The concept of a dynamic CEAC will become increasingly important
as regions become highly decarbonized, since an increasing share of the incremental clean
energy may need to be focused in specific times or locations to have material carbon
abatement value.

e Grandfathering Arrangements for Pre-Existing Contracts: Most regions aiming for deep
decarbonization goals will be starting from a place with some pre-existing commitments
and programs. We offer relatively straightforward approach for grandfathering existing
programs to ensure pre-existing commitments are honored while still enabling the sector
to transition toward the fully competitive, all-source approach under the FCEM.

e Technology-Specific Carve Outs: The above design does not yet contemplate the possibility
that a state may require carve-outs for specific quantities of targeted resources. This design
variation offers a clear way to integrate targeted resource carve-outs into the FCEM design
described above (although these will by their nature somewhat reduce the level of cross-
technology competition).

The following subsections provide additional description of these specific design variations that
we anticipate will be desired or needed in certain regions.

1. “Dynamic” Clean Energy Attribute Credits
Awarded in Proportion to Delivered Carbon
Abatement

If the objective of state clean energy policies is primarily carbon abatement, an enhanced version
of the CEAC product definition can be adopted to focus exactly to this objective. As discussed in
Appendix A.1, a more economically efficient CEAC product definition would define each credit
in proportion to tonnes of carbon emissions abatement rather than one CEAC corresponding to
one MWh of clean energy generation. This CEAC would represent a constant and uniform
quantity of emissions abatement, based on the quantity of carbon dioxide displaced by each
marginal MWh of clean electricity supply injected into the grid at a particular time and place. This
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definition would more flexibly and accurately account for the carbon abatement value of different
resources, which varies depending on their location and time profile of generation (both of which
affect the carbon emissions they can displace). This alternative product definition, which we call
a “Dynamic” CEAC, can also reward and incentivize storage and other resources that have carbon
abatement value but that would not be compensated under the simple CEAC definition described
in the body of this proposal.

The quantity of Dynamic CEACs created by each resource would be calculated as:

Realized Abatement Rate
Standard Abatement Rate

CEACs = Physical Generation x

This equation yields the quantity of CEACs created by any particular resource given the resource’s
physical generation and information about the marginal emissions rate of the system when and
where the resource generates electricity (and displaces carbon-emitting resources). The
components of the calculation are defined as follows:

e CEAGs are the total annual quantity of CEACs created by and awarded to the resource
owner. The rate of CEACs awarded per physical MWh produced may be greater than the
average across all clean suppliers (if the resource displaces primarily coal generation) or less
than the average across all clean suppliers (if the resource displaces primarily other clean
resources).

e Physical Generation is the MWh produced by the clean energy resource as metered and
injected to the grid.

e Standardized Abatement Rate is the standard quantity of marginal carbon displacement
required to produce one CEAC. This standardized abatement rate will be established prior
to the forward clean energy auction and known to all participants in advance of submitting
any offers. It will be established based on the marginal emissions displacement delivered
across the entire fleet of clean energy resources as measured in the tracking system over
the past three years, with the parameter updated annually. An example is 1,100 lbs of
CO/MWh.

e Realized Abatement Rate is the measured marginal carbon abatement value by the specific
resource in question, based on the time and place where the clean energy was injected into
the grid. The realized carbon abatement could be much higher than the standardized rate
(e.g. 1,900 Ibs/MWh, if the resource is primarily displacing coal generation) or much lower
than the standardized rate (e.g. down to 300 lbs/MWh, if the resource is in an export-
constrained wind pocket where injecting more supply is primarily displacing other wind
generation). The realized abatement rate will be calculated using RTO data on resource-
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specific 5-minute injections into the grid at a particular node, and the marginal carbon
emissions at each node of the power system in each 5-minute nodal pricing interval.?

The CEAC tracking entity will be the one to collect the physical generation and RTO marginal
emissions data, and calculate CEACs to be awarded to each clean resource. Figure 11 illustrates
how the quantity of CEACs awarded will vary by hour as the marginal emissions rate at a particular
location in the system changes, highlighting the direct relationship between the CEACs awarded
and the carbon abatement value of that clean generation in all hours. Because more CEACs will be
created during high-emissions hours, higher payments (i.e. quantity of CEACs times the price
earned from each CEAC) will be earned by resources injecting power during those intervals.

Quantity of CEACs Awarded
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lllustrative Quantities of CEACs Awarded in a Representative Day
For a Resource Producing 1 MW of Power in a Flat Output Profile
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This “dynamic” CEAC product design introduces several efficiency advantages relative to the
simplest 1 CEAC per physical MWh design described in earlier sections. First, the incentives and

24

In ISO-NE, the marginal carbon dioxide emissions rate across all hours in 2017 was calculated to be 654
Ibs/MWh, which was 22% lower than the estimate for 2016. To calculate the marginal emissions rate,
ISO-NE starts by identifying the locational marginal unit for each 5-minute interval within its energy
market dispatch software. Then, ISO-NE multiplies that generator’s average emissions times the
percentage of intervals for which it was marginal. The sum of these products is the average marginal

emissions rate for the entire system across all pricing intervals. ISO-NE separates out this calculation on

a peak and off-peak basis in regular reports, and has separately reported hourly real-time emissions rates.
The same method can be extended to calculate the marginal emissions rate at each node in the system
alongside the calculation of the locational marginal price (LMP) which is also calculated as a function

of the marginal resource at each location. See
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payments to clean resources are proportional to the marginal carbon emissions across both time
and location, so this approach rewards resources with greater carbon abatement value and focuses
incentives for both investment and operations toward those resources that will achieve more
carbon abatement faster. Second, a dynamic CEAC removes the incentives for generators to offer
into the energy market at negative prices and to over-saturate wind rich locations, as can occur
with traditional REC, feed-in-tariff (FIT), and production tax credit (PTC) incentives. Finally, this
will fully enable storage resources to participate and displace carbon emissions if they can store
low-carbon electricity and discharge that power when the marginal abatement value is high.

Although storage resources do not generate clean energy, they still have a carbon abatement value
that will be recognized through the Dynamic CEAC. Most storage resources will not charge
exclusively using carbon-free energy. Thus, every MWh of electricity released from a storage
resource has some “embedded” carbon emissions that reflect the incremental carbon emissions
from the resources on the margin when the storage was charging. However, it is likely that this
embedded carbon is still lower, on a tonne per MWh rate, than the marginal emissions rate when
the storage resource is discharging (because higher prices when discharging generally correspond
to higher emissions rates). Thus, storage resources can reduce carbon emissions by allowing low-
carbon energy generated in one hour to displace high-carbon energy generated in another.
Further, incorporating storage resources into a Dynamic CEAC program will create incentives for
storage owners to operate their assets in a way that maximizes carbon abatement value. The
mechanics of how the dynamic CEAC approach can enable storage to participate on a fully
resource-neutral basis with other clean energy resource types is illustrated in Figure 12 and
described in detail below.

Figure 12
lllustration of Storage Participation with Dynamic CEACs
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In the existing electricity markets, storage resources pay the energy price to charge in low price
hours, and earn the energy price to discharge in higher-price hours (dark blue bars). In the
dynamic CEAC approach, they will also pay the cost of buying CEACs when charging to cover the
incremental carbon emissions that the storage asset has imposed on the grid (aqua bars). If the
storage asset charges during a high-carbon hour, the cost of CEACs will be quite high; conversely,
if charging during an hour with only solar and wind generation, the storage asset will pay nothing
for carbon emissions. When discharging, a storage asset is paid the energy price to inject power
into the grid plus it will earn revenues from selling any CEACs it creates. Discharging in hours
with very high emissions means that storage will be paid more. A storage asset can maximize its
CEAC-derived value by absorbing wind or solar power that would otherwise be curtailed, and
reinjecting power at times when displacing coal generation. When deciding on the output profile,
the storage resource will consider the best way to maximize its value to the grid considering: (a)
energy value, (b) ancillary service/flexibility value, and (c) carbon abatement value. That way,
storage can continue to play a major role in providing both essential grid and flexibility services as
well as assisting to decarbonize at the same time.

2. Grandfathering Arangements for Pre-
Existing Contracts

Some states or utilities may have already made long-term commitments to clean energy suppliers,
and it would be improper to provide additional compensation to these suppliers for clean energy
they have already contracted to sell. Providing payments above those specified in the existing
contracts would amount to double payment for clean energy attributes, which would increase
customer costs. Instead, these contracts can be grandfathered into the new FCEM and continue
receiving their contracted payments until the end of the contract term.

For example, a state may have already contracted for 20% of supply under existing long-term
commitments to purchase renewable energy. In this case, the quantity of CEACs produced by the
already-committed resources would be scheduled in to the FCEM as “self-scheduled” supply. These
CEACs will reduce the remaining quantity of supply to be procured through the FCEM to meet
policy goals. On the supply side, these resources’ CEAC production would be accounted for as
contributing to state needs but the asset owners would not be paid the FCEM clearing price. As
existing contracts expire, those resources would be rolled into the broader market and could
compete with other existing and new resource to provide CEACs at the most competitive price.

3. Technology-Specific Carve-Outs

In some cases, states may wish to pursue complementary policy objectives and desire to procure a
specific type of resource rather than the lowest-cost resources. Incorporating such carve outs will
increase the costs of achieving a state’s policy goals, but may be required by policymakers for other
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reasons.” In this case, a variation of the FCEM design can be used to simultaneously achieve both
the total clean energy goal and the technology-specific carve out. The same design can be used to
achieve multiple carve out targets for multiple types of targeted resources, although we caution
against introducing large quantities or many types of carve outs as these will tend to segment the
market, limit competition, and increase cost. Thus, if policymakers wish to contain the costs of
achieving the clean energy goal, we recommend limiting the quantity, number, and term of carve
outs. For example, if policymakers wish to support the local industry for a specific technology,
they could do so through a modest-sized carve out designed to incent early investments with a
phase-out over a reasonable timeframe (after which the technology would need to be cost-
competitive on its own and compete on a level basis with all other supply types).

For a state that wishes to ensure a certain technology carve-out is achieved, the FCEM will be
designed to define two types of resources:

e Base resources will include all types of supply resources that can produce CEACs (including
both targeted and non-targeted resource types). Base resources that clear the auction will
be composed of the least cost clean supply, with no restrictions by type, location, or
resource age. The clearing price for base resources will be the lowest possible price at which
customers can meet their clean energy goals.

e Targeted resources allow states to carve out a portion of the demand and ensure that it is
met by a specific type of technology such as in-state solar, offshore wind, or batteries. These
resources will clear in a separate sub-auction, where price separation will allow for higher
prices to be awarded for targeted resources. A higher price will be produced for targeted
resources only if that higher price is necessary to bring the preferred resource types online
(otherwise, if the targeted resources are cost-competitive with other resources they will
clear at the same price as base resources and will clear in a quantity at or above the carve
out).

To minimize the cost and less competitive nature of a carve outs approach, we recommend limiting
the applicability to only apply to new resources of that technology type, limiting the quantity of
carve outs to no more than 5% of total demand in the FCEM if possible, limiting the application
to specific situations where there is an expectation that the technology can eventually become cost
competitive with other supply types, and phase out the carve outs over a sunset period when the
technology is anticipated to become more economically competitive.

% Carve outs necessarily increase program costs by requiring that a certain share of the total mix of clean

resources come from a specific technology type such as offshore wind, from a specific location such as
in-state locations, or class of developments such as small/residential solar. If these resources were among
the least-cost projects, they would naturally be developed by the marketplace to meet total demand
(and thus no carve-out would be needed). However, carve-outs are usually introduced as a means of
supporting a technology that would not otherwise be cost-competitive due to the higher cost as
compared to alternatives.
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When implementing the carve-out for targeted resources, states or customers would specify this
as a preference in their demand bid. For example, a state could submit its demand as a quantity of
base and targeted resources (e.g. as 50 TWh of clean supply, of which at least 2 TWh must be from
storage). The demand bids can be submitted at different prices if the state is willing to pay more
for the targeted resource type. The targeted resource carve-out bid can also be treated as
“contingent” in that if no storage is available at or below the maximum willingness to pay, the
demand will revert to procuring the same quantity from the “base” product. This contingent bid
approach allows a state to support targeted resources as long as the price is reasonable, while also
ensuring that the total clean policy goal will be achieved even if the targeted resources are deemed
not cost effective enough.

Pricing for targeted resources could be equal to or higher than base resources as illustrated in the
clearing example in Figure 13 below. This clearing example shows the state demand for targeted
resources (top panel), with the sub-auction for targeted resources clearing half of the demand at a
targeted resource price. The uncleared demand for targeted resources reverts to demand for “base”
resources (bottom panel). A larger quantity of base resources clears at a different, lower price.

This same mechanism allows targeted resources to exceed their carve out quantities to the extent
that those resources are more cost-competitive than other technologies. In that case, the auction
would clear a quantity of targeted resources in excess of the carve out, and the targeted resources
would clear at the same price as base resources.
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Figure 13

lllustration of Auction Clearing with Targeted Resources
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