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INTRODUCTION

The topic of electricity market design has become highly contentious in recent timesd particularly in Europe, where there has
been a surge in wholesale electricity spot prices due to the exorbitant prices of natural gas. Many point to the market design&
focus on setting a single market clearing price based on the costliest resource required to meet demand, frequently natural gas,
as the root cause. Besides the current energy crisis and short-term problems, there is a growing concern amongst analysts that,
with the current market design, the extensive adoption of zero-marginal-cost renewable electricity would force wholesale
electricity prices down to levels that render new investments unprofitable. The long-term ramifications are now a crucial part of
the ongoing conversation in many regions, such as the United Kingdom, where the government has introduced its Review of
Electricity Market Arrangements (REMA) to address such concerns.

In a decarbonized, decentralized, and digitized energy system, electricity markets should aim to meet several key policy
objectives. These include facilitating the integration of renewable energy sources and distributed energy resources, ensuring
security of supply, promoting efficient investment in infrastructure, and enabling the transition to a low-carbon economy.
However, there are concerns about whether energy-only wholesale markets, as supported by EU legislation, can efficiently
meet these objectives. Incremental reforms, such as long-term contracts and more granular price signals, may help address
some of these issues. However, there may also be a need for more structural reform to achieve decarbonization objectives in an
efficient way, for instance the introduction of nodal pricing. The role of consumers and distributed energy resources will also be
crucial in the new markets, and their involvement may require additional market design changes and indeed new, for instance,
local markets. Ultimately, the incremental reform of electricity markets may help address the European energy crisis, but there
are also alternative market designs to consider, each with its own strengths and weaknesses.

Given this background, the articles in this issue of the Oxford Energy Forum debate the topic of electricity market design and the
ways in which the market should be reformed to meet the dual challenges of the short-term energy crisis and long-term
decarbonization objectives.

Harvey and W. Hogan argue that the efficient design of an electricity market is physically constrained by certain assumptions. In
their view, a clear understanding of the fundamentals of electricity markets is required in order to develop effective responses

and ensure that temporary measures can transition into sustainable systems. The essential components of an economic

dispatch, locational marginal prices, financial transmission rights, compatible forward markets, and hedging arrangements

already exist and work in theory and practice. The authors assert that it is important to adopt a market design that works, and

any transition should be consistent with long-term market design fundamentals. Ignoring these fundamentals,intheaut hor s 6
view, would be the worst approach, as it may lead to disruptions in cost and reliability.

M. Hogan argues that the power grid has traditionally operated like a symphony orchestra, centrally directing supply-side
resources to meet demand. However, there is a growing recognition of the need to tap into the flexibility of demand for
affordable decarbonization and electrification. This will require the grid to function more like a jazz ensemble, with different
players improvising in response to supply ebbs and flows. Encouraging flexible loads to consume electricity without regard for
the timing of their consumption could result in inflated costs and lost opportunities. To ensure a harmonious interplay between
flexible loads and variable supply, an effective market design is necessary. According to the author, the single pay-as-cleared,
marginal-cost-pricing wholesale energy market paradigm is well suited to inform the decentralized coordination required.

Poudineh argues that electricity prices exhibit fat-tailed distribution, which means that extreme price spikes or drops could be
more common than what would be expected under a normal distribution. This issue may exacerbate as deployment of variable
and uncertain renewable generation increases in the electricity sector. According to the author, the increased volatility in energy
markets due to fat-tailed distributions can have various impacts. It can lead to higher risk premiums, increased cost of capital,
and discouragement of investment in low-carbon technologies. Also, consumers may face higher electricity bills during extreme
events, and smaller players may face higher hedging costs to manage their exposure to electricity prices. Additionally, energy
policies that rely on stable and predictable electricity prices may be less effective in a market with fat-tailed price distributions.
The author argues that the design of the electricity market should consider the increased probability of extreme price events, not
only by promoting risk management practices like hedging or insurance but also by implementing energy storage, demand
response, and other flexible resources that are likely to have greater value in a market with fat-tailed price distributions.
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Grubb argues for a more radical solution. He asserts that preserving short-run marginal cost pricing signals without applying
them to all consumption is entirely feasible. The author proposes a @ual marketséapproach centred on a Green Power Pool (or
multiple pools) of renewable generators. The pool operators or equivalent institutional structures incorporate the cost of
renewables generation, calculated at the average contract price, reflecting the long-run marginal cost/contracted strike-price.
Additionally, they purchase from the wholesale market when demand exceeds the available renewable energy, and that cost is
passed on to the consumer, ideally on a real-time basis. Consequently, consumers contracting with the Green Power Pool pay
the average cost of generation, comprising renewables and balancing purchases to ensure reliable supplies. Meanwhile,
marginal short-run incentives for consumer flexibility can be maintained. The author considers different options for allocating
Green Power Pool energy and makes the case for a social tariff that prioritizes the “fuel poor” based on ethical and political
rationales.

In the context of Great Britainds el eaditarrefornistoyhe whalesklemarket e wher vy,
not necessary, but rather a continuation towards more competition is needed. Inthea u t h o r 6 snoradjustments tm

contracts for difference (CfDs), feed-in tariffs, and Transmission Network Use of System tariffs could lead to more efficient

location choices and market response. Long-term changes like introducing nodal pricing and an Independent Design Authority

could also be considered, but they may take longer to implement. The role of the Low Carbon Contracts Company could be

clarified, and levies on electricity should be reconsidered to avoid distorting the shift to low-carbon heating. Short-term fixes for

the current energy price crisis should incentivize responses to high prices while providing support for a fixed number of kWh per

month to domestic customers without overcompensating the wealthy.

Focusing on the Great Britain market, Gross states that the UK& electoral schedule means that any major decisions on market
reform will be made by the next government, so the priority for the REMA process currently should be to limit the damage to
investor confidence that has already been caused. The debate around locational marginal pricing within REMA is becoming
increasingly entrenched, but it is important to avoid it becoming a purely technical argument that is disconnected from
discussions about household bills, energy independence, and green jobs. Realistic options for change may not be achievable
until the middle of the next Parliament, so it is essential to have a clear focus on low-regret, cost-minimizing practical solutions
that can be implemented in the short term and within the current regulatory framework.

Green, in the context of the electricity market i n Gr eat Britain, asserts that when the
financiers and market participants insisted that contracts be held by a counterparty with an explicit government guarantee. This

decision may have been influenced by the unfamiliar nature of the CfD program at the time. The author asks whether, now that

it is well established, a more decentralized approach could be effective. He gives an example of renewable portfolio standards

in the US to illustrate that it is feasible for retailers and generators to enter into a long-term fixed-price contract that covers both

the electricity output and the renewable certificates, through either a portfolio standard or tradable certificate. According to the

author, such a contract would have comparable economic impacts to the CfDs that are favoured by the European Commission

and utilized in the UK.

In the context of the EU electricity market, Finon explores the long-term central trader model, which utilizes hedging contracts
with low-carbon equipment to meet its objectives. He compares this approach to the central buyer model and argues that both
models offer advantagesd such as facilitating the transition towards carbon neutrality, and protecting consumers from extreme
price volatility by linking retail prices with long-term costs while still allowing for short-term system optimization through the spot
market. However, he argues, the central buyer model provides more consistency in achieving the second objective. Despite
being in line with European market and competition regulations, the mandate given to a public company to purchase most of the
wholesale power in the central buyer model makes it difficult for EU advocates of a free market to accept.

Focusing on the same market, Roques and Burger argue that the energy crisis tested the European internal market for gas and
power, which has overall shown resilience and correctly signalled the scarcity of these resources. However, the emergency
framework left room for interpretation by member states, resulting in varying national implementations and distortions. An
expedited process for market reform is needed to supersede these interventions, with a consensus emerging on the need for a
greater role for long-term contracting and consumer hedging. This may lead to hybrid markets combining short-term market
mechanisms with planning and redistribution mechanisms. The heterogeneity of the European power market and political
landscape may result in different national approaches, potentially leading to further distortions and fragmentation of the
European power market.
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In another article on the EU electricity market, Glachant argues that a reform of this market alone is not sufficient to deliver EU
energy security, decarbonization, and electrification. According to the author, the entry into the era of hybrid electricity markets
as part of the electricity market reform is a necessary but not sufficient condition for success. This is because achievement of
these goals faces direct and indirect constraints such as grid and infrastructure adequacy, allocation of decision rights between
the EU and member states, EU Central Bank monetary policy and member statesépublic budget financing, and existing
international industry trading and manufacturing chains. Therefore, the EU energy landscape, post-market reform, will continue
to require effort, attention, and coordination from public and private energy decision-makers.

Mountain analyses Australia& National Electricity Market (NEM) and presents thoughts on future changes. The author argues
that that future debates on the development of the spot market in Australia should have more modest objectives, with the spot
market being essential for price-based power system balancing and allocating the cost of imbalance to the participants that
caused it. The focus should be on customerséfreedom to choose their suppliers to discipline expenditure and spur innovation in
the contemporary Australian context, where governments and their agents are becoming increasingly involved in determining
investment and developing or procuring new production, transmission, and storage.

In an article on the same market, McConnell and MacGill argue that the June 2022 market suspensions in the Australian NEM
were caused by market settings that were not suitable for the conditions that materialized. Prior to the suspension, governments
and decision-makers had doubts about the ability of the market to deliver sufficient investment, and were already moving
beyond the existing NEM frameworks and market structures. Since the suspension, there have been moves away from a
laissez-faire market approach, with the federal government capping the domestic price of gas and coal prices and state-based
policy initiatives developing. However, the results of formal market and institutional reform processes have been lacklustre.
According to the authors, these developments reflect a loss of faith in the energy-only market design, and there is a need for
better acknowledgment and reflection of these developments in Australia® energy rule-makerséand regulatorsdinstitutional and
governance arrangements to ensure the energy transition is not delayed or derailed.

FUNDAMENTALS DEFINE THE CONSTRAINTS ON ELECTRICITY MARKET DESIGN

Scott M. Harvey and William W. Hogan

European electricity market design challenges arise from the confluence of the immediate disruptions associated with the war in
Ukraine and the continuing pressures accompanying the move to a cleaner energy system. In addressing the immediate
challenges there should be a clear understanding about the fundamental nature of electricity markets, both to craft transition
responses and to ensure that temporary measures can and do transition into workable systems that can endure even in the face
of large uncertainties. Discussions of electricity market reform, in the present European context but also in general, often make
implicit assumptions that are highly consequential. An explicit and brief summary of critical fundamentals sets the stage for a
discussion of the implications for the intended electricity market design that should be a goal to guide the transition.

Fundamentals

Electricity systems have special characteristics that constrain both physical operations and market mechanisms. The familiar
features include the need for instantaneous balancing, the physical properties of power flows, and the many complications of
security constraints to protect against persistent conditions that could lead to cascading failures. In addition, there are related
institutional features that underlie the electricity market design. The key fundamentals employed here include the following:

1 Inadecentralized market, profit-seeking market participants have material discretion to participate through bidding or
self-scheduling, as well as through investment decisions.

1 Real-time markets require coordination through a system operator, and the system operator can accommodate a
workable approximation of the complex multi-part supply offers and demand bids.

91  The grid is not likely to be a copper plate without material transmission constraints, implying sometimes large
differences in economic conditions across the grid. This will be more important, not less, with a resource mix that
includes large quantities of intermittent resource capacityd particularly as such capacity is often sited some distance
from centres of load.

1 The product demanded by consumers is power delivered at their respective locations.
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While not exhaustive, these seemingly innocuous conditions largely constrain the elements of efficient electricity market design.
Added details of reliability contingency constraints, reliability unit commitments, ancillary services, policy constraints, emissions
pricing, market power mitigation, price volatility, mandates for hedging, transmission planning and expansion, and so on are
important and worthy of consideration. But these can be accommodated within a framework defined by the key fundamentals.

Implications for electricity market design

Profit-seeking market participants will anticipate the real-time settlements system when making forward commitments. As a
result, efficient market design must begin with the real-time market. Forward market structure and prices should be made
consistent with the real-time structure, and the reverse approach is fraught with the risk of unintended adverse consequences.
Prices should support an efficient solution to keep incentives aligned with a social welfare objective.

In real time, productive economic efficiency requires economic dispatch. Given cost-reflective bidding, this can be provided by
the system operator while managing the complex transmission flows largely by adjusting the dispatch of generation, load, and
storage. Prices and related settlements exist to support this economic dispatch. Given the physical nature of power flows, these
prices can differ materially across locations in explainable but sometimes counterintuitive ways. These are the conventional
locational marginal prices (LMPs). The basic economic-dispatch-with-LMP is, relative to other market designs, the one that
supports the efficient market outcome. Market monitors, market power mitigation designs, and merger policy can address the
scope of opportunities for the exercise of market power or other forms of bid manipulation.

The real-time LMPs define both the settlement prices for locations and the point-to-point transmission charges for self-
schedules. By contrast, point-to-point firm physical transmission rights for the capacity of the system cannot be defined or
provided along with the economic dispatch, but a set of economically equivalent financial transmission rights can be made
available. Together the real-time prices and financial transmission rights can support forward contracts between buyers and
sellers at different locations.

Hence, efficient real-time markets can support forward markets, which largely consist of financial contracts. The principal
observable physical actions before real time are for unit commitments (in part needed to anticipated real-time contingency
constraints). But no energy is delivered in the forward market, and the real-time LMPs provide an efficient incentive for settling
hedges structured as contracts for differences.

Real-time market power concerns can be addressed through ex ante regulatory interventions such as offer caps. This can
mitigate real-time exercise of market power without undermining efficient incentives for the remaining participants in the
markets.

Real-time energy markets require compatible designs for ancillary services, including operating reserves. These requirements
can produce scarcity conditions which can influence real-time prices through operating reserve demand curves, which can be
defined to reflect transmission system reliability criteria, raising prices under scarce conditions, creating incentives both to
perform in real time and to invest in appropriate capacity going forward.

Carbon prices for emissions would be reflected in real-time dispatch offers and translate into marginal impacts in locational

prices, without requiring any fictional tracing of power or emission flows through the transmission system. This focus on the

problem, emissions, avoids the need for imperfect administrative identification of subsidies for imperfect substitutes such as
renewables at a different location.

Efficient prices have been and would be volatiled perhaps more so in the future given the increasing proliferation of renewables
generation in the system. In practice, the degree of future volatility will depend on many factors, including the development and
operation of intertemporal storage, demand-side flexibility, and improved pricing designs for final customers, as well as the
evolution of the resource mix and consumer demand patterns.

The presence of volatility does not much affect the basic wholesale market design, which could accommodate a wide range of
pricing outcomes. However, price volatility would be important for final consumers, especially for residential and small
consumers that are not able to reduce consumption in response to high prices.

In principle, the basic elements allow for forward hedges arranged on a voluntary basis. The voluntary nature, coupled with
efficient real-time prices for settlement, would avoid many of the complications of regulation. However, there is an irreducible
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element of uncertainty, and long-term voluntary contracting opportunities may be difficult to obtain, and might be deemed as
inadequate for certain customers.

The ubiquitous transmission constraints require recognition that mandatory hedging arrangements for these smaller customers,

in fact for all user s, must focus on delivered | oads amtbn pri ce
but could be at the final ¢ uisgtamangemedts couttdebé @ganized through opa-aut procisionst h e h €
of otherwise mandatory aggregation models, as have been successfully employed for delivered power with, for example, a

three-year rolling price commitment.

Transmission expansion, with its strong interactions across many participants, would be through coordinated planning but with
beneficiary-pays cost allocation that seeks to recover the costs of transmission enhancements from the cohort of participants
that are deemed to benefit most from the upgrade.

This discussion of fundamentals is largely silent on the degree of penetration of renewables, or any of the particular cost
structures of load and generation. These all affect the outcome of prices and quantities, but they do not impact the basic market

design. Further, this design does not include Oesaupaadeqiagyd mar Kk e
and capacity deliverability under stressed conditions has always been complex, and it has become far harder with a resource
mix that includes large amounts of intermittent resources and many types of energy-l i mi t ed resources. We dor

solve this problem through regulatory proceedings and rules. The best we can do is provide customers with market-based
hedges for delivered power. The key customer-centric forward hedging contracts are not with generators based on their location
and volume of production; the regulatory focus of hedging arrangements would be on the delivered price of power at the
customerds | ocation.

Conclusion

Under the basic assumptions made explicit here, there are sharp physical constraints on the design of an efficient electricity

market. All of the main components of economic dispatchd LMPs, financial transmission rights, compatible forward markets,

and hedging arrangementsd already exist in various systems. Although no electricity market yet incorporates all of these

features, all the elements work in theory and have been proven in practice and have the great strength of being both internally
compatible and consistent with electricity system fundamentals both now and in the future. The best approach would be to

adopt a workable market design. At a minimum, any transition should be as consistent as possible with anticipated long-term

market design fundamentals. The worst approach would be to follow the common practice of dismissing the fundamentals and

hope that the disconnect with reality wondt be too disruptive

ELECTRICITY MARKET DESIGN IN THE NEW JAZZ AGE: THE DECENTRALIZED
COORDINATION OF FLEXIBLE DEMAND IN A RENEWABLES-DOMINATED POWER
SYSTEM

Michael Hogan

The power grid has traditionally been built and operated like a symphony orchestra, with a mix of supply-side resources
centrally assembled and directed by the system operator to meet demand. There is now growing recognition of the need to tap
into the latent flexibility of demand if we are to advance both electricity decarbonization and the electrification of energy services
in an affordable manner. The value of doing so will lie predominantly in avoiding uneconomic investment in higher-cost supply-
side alternatives.

The great majority of this low-cost, high-value potential will not lend itself to the old symphony orchestra modeld the grid will

needt o function more |ike a jazz ensemble, with different playe
flows. If flexible loads, especially large, inherently flexible new electrified end-uses like transport and heat, are encouraged to

consume electricity without regard for the impact of the timing of their consumption on marginal costs, the result will be greatly

inflated costs for all and significant lost opportunity. It is therefore necessary that any proposed market design be effective, day

in and day out, in eliciting a harmonious interplay between flexible loads and variable supply. The single pay-as-cleared,
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marginal-cost-pricing wholesale energy market paradigm is uniquely well suited to inform the distributed, decentralized
coordination required for this to happen.

Be careful what you wish for

The European energy crisis has prompted a surge in critical attention to electricity market design. There is nothing new about
claims that the wholesale market design paradigm is unfit for purpose, and there are certainly issues to be addressed, but this
latest eruption is especially poorly grounded. The pain caused by the crisis is all too real. But blaming the electricity market
design for it is like blaming organic chemistry for climate change. The wholesale electricity market is simply telling usd all of us,
not just policymakersd what we very much need to know: the cost, considering our current and future sources of primary
energy, of extending our current level and patterns of consumption, or the savings to be had from consuming less and
consuming differently. It is also telling us, in unmistakable terms, how urgent it is that we ween ourselves from our dependency
on fossil fuels.

Mitigating the equity concerns posed by these very real costs is the purview of retail tariff regulation and social policy, not
wholesale market design. The parallel electricity transformations currently underwayd rapid expansion of variable supply and
rapid electrification of energy services such as transport and heatd make access to that information for all who can act on it
more vital to the future of energy than it has ever been.

In other words, any discussion of electricity market design must consider the central role flexible demand can and should play in

mitgat i ng the enormous investment challenge we face. Proposals t
intriguing, but they are nearly always focused on addressing the myriad challenges presented by these transitions with top-

down, supply-side prescriptions (generation, transmission, distribution), including huge investments in marginal assets that will

be little used. Very few addressd or even acknowledged the vital role to be played by an active and responsive demand side.

The importance of demand flexibility

A recent study published by the Pacific Northwest National Laboratory (PNNL) offers a glimpse of the costs of a myopically

supply-side approach, and the potential for flexible demand to substantially mitigate those costs.! The study modelled a stand-

alone grid roughly the size of perfictenfTexds amarukad t ewpedcanyoj 6 made réeht
annual energy) variable resource penetration. It then compared wholesale system costs in each scenario under business as

usual (no change in demand patterns) and with distributed customer-controlled load flexibility in response to supply variation.

Under the Omoderated scenario, which excluded el e@drcentéorallehi cl €
customers and 17 per cent for participating flexible customers. Savings were roughly 40 perc ent gr eater i n the 0
(which assumed 33 per cent penetration of EVs). The study did not examine the potential reductions in needed expansion of the
distribution network, which typically represents roughly a third of retail bills. (This is being examined in a yet-to-be-published

PNNL study.) Consider that medium-term targets for both renewables and electrification are already higher in many countries

than the assumptions in the 6highé scenario.

The figurebelow(t he O6moderated scenario) shows that these cost reduct
costs. This results from a combination of more conventional reductions in peak load of 91 15 per cent with more transformational
reductions in daily load variation of 207 44 per cent, together significantly reducing the need for infrastructure investment (again,

excluding potential savings in distribution network expansion). Whilst many system operators focus principally on post-gate-

closure contingency services (which contribute less than 1 per cent of projected savings), the bulk of projected savings come

from increased asset utilization due to pre-gate-closure flexibility in response to expected variations in system conditions.

1 Reeve, H., Widergren, S., Pratt, R., Bhattarai, B., Hanif, S., Bender, S., Hardy, T., and Pelton, M. (2022), The Distribution System Operator
with Transactive Study, Richland, WA: Pacific Northwest National Laboratory.
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Figure 1: Potential cost savings from demand responding to prices, based on analysis of the amount and sources of
economic benefit to consumers on a hypothetical Texas-sized grid from deploying flexible loads in response to system
needs.
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A small share of these savings can be accessed by enabling demand participation in wholesale markets (energy, ancillary
services, capacity) in competition with generation. However, most valuable daily demand flexibility cannot or will not participate

directly in these markets.2Ast he PNNL study concludes, O6there is a need for a
demand flexibility into everyday grid operation, ensures it is automated, puts the customer in control of how much or little they
participate, and fairly compensat es t hem for the | evel of3flexibility they prov

Moving on, keeping up

Manyd especially incumbent industry playersd dismiss the idea of a responsive demand side based on the presumption that
demand is nearly perfectly inelastic and cannot or should not be rationed with pricing. That presumption is increasingly
anachronistic.

Certainly, some loads are less elastic than others, and some end uses are more suited to adopting and responding to dynamic
pricing than others. But the factisthatthe6 val ue of | ost | o ausdser(icés espetiallflavge nem &rangporte n d
and heat loads, varies widely across time and location. Whilst the VoLL to interrupt lighting may be quite high, the VoLL to

interrupt EV charging and shift it to a different time is usually very low. Indeed, at, say, 02:00 it is, in nearly all cases, effectively
zero. Even across a more traditional suite of end uses, the potential for end users to respond is quite significant.*

The presumption also ignores the rapidly decreasing cost, increasing ease, and increasing value of bidirectional demand
flexibility as we expand reliance on variable, capital-intensive and low-variable-cost production. Finally, it ignores clear evidence
that flexible loads will, in fact, respond to pricing if it fully values the real-time flexibility they can provide, and that they can
sustain that responsiveness indefinitely.

2 Hogan, M. (2022), Tapping the Mother Lode: Employing Price-Responsive Demand to Reduce the Investment Challenge, Reston, VA: Energy
Systems Integration Group, Retail Pricing Task Force.

3 Reeve et al., (2022), The Distribution System Operator, Executive Summary page 3

4 See, for example, Alstone, P., Potter, J., Piette, M.A., Schwartz, P., Berger, M., Dunn, L., Smith, S., Sohn, M., Aghajanzadeh, A., Stensson, S.,
Szinai, J., and Walter, T. (2017), 2025 California Demand Response Potential Studyd Final Report on Phase 2 Results, Berkeley, CA:
Lawrence Berkeley National Laboratory.
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One recent demonstration of this new flexible demand relexl ity i
project.> Moving from flat tariffs to a set of time-of-use retail pricing offerings for a large sample of Octopus Energy and Ohme

customers over a six-month trial elicited load shifting away from high-price hours to low-price hours of 191 23 per cent among

EV-owning customers and 12 per cent among non-EV-owning customers. Those levels of responsiveness persisted unabated

for the duration of the trial. A more traditional option was also trialled with a large sample of customers, requiring customers to

enrol in advance for a one-time increase or decrease in demand overatwo-hour peri od of ESO®6s choosin
larger responsed a downturn of 41 per cent (non-EV owners) to 59 per cent (EV owners) and an upturn of 131 per cent (non-

EV) to 617 per cent (EV)d but one that is unlikely to be sustainable over any significant number of events. (The upturn results

point to the potential for flexible demand not only to reduce peak prices, but to lift market clearing prices during periods of high

renewable production, an important part of a much longer response to the highly contingent claims about the impact low-

variable-cost resources will have on prices under the current market design paradigm.)

A noteworthy aspect of the CrowdFlex results is the difference they illustrate between a traditional conception of demand
flexibilityd a centrally directed imitation of a supply resource, which for reasons both administrative and behavioural is highly
limited in applicationd and the conception of demand flexibility that will be most valuable to a decarbonizing and electrifying
energy systemd a highly decentralized, price-driven behavioural change by consumers acting independently, most likely via
automation or via an energy service provider, on a daily basis over an extended period of time. The difference in results may
reflect that on any given day the customer loads responding to time-of-use pricing form a shifting subset of those responding to
a one-off event, with the combination of diversity and agency contributing to a lower but sustainable and still very significant shift
in the pattern of demand.

There is long experience and a level of comfort in some regions with the former model of command-and-control demand
flexibility. In contrast, the electricity industry has traditionally dismissed the potential for the latter model of decentralized,
repeatable shifts in load curves by customers happy to be regularly flexible if the price is right. Initiatives like CrowdFlex are
demonstrating just how out-of-date this traditional viewpoint is. In doing so, they shine a bright light on the necessary (though
not sufficient) role of an underlying wholesale market price that reflects real short-term variation in the marginal cost of
consuming electricity.6 Lest one be tempted to fall back on tired evasions like customers being uninterested in watching their
meter or in being directly exposed to wholesale prices, projects like CrowdFlex and many others showcase the innovation taking
place in offering consumers flexible energy management services that are convenient and financially compelling.

The deeply ingrained supply-side bias that leads to discounting of distributed demand flexibility in resource planning is one of

several contextual factors that create hidden barriers to a more active demand side, turning scepticism into a self-fulfilling

prophecy.” Others include out-of-mar ket &écapacity r emuner-procurethe supplcsidarasowscess 6 t hat
capable of participating in them by implicitly valuing marginal capacity at levels many times higher than the value available to

energy market participants. These contextual barriers are addressable if the goal is to make the current market paradigm fit for

the future. In contrast, top-down, supply-side-focused market redesign proposals are only likely to exacerbate and further
institutionalize these impediments to an affordable energy system transformation.

A simpleillustration

Consider a simplified example of the social welfare implications of neglecting development of distributed demand flexibility and
the short-term wholesale market pricing needed to inform it. The figures below depict a hypothetical system during a given
pricing interval, under two sets of assumptions. In this example the demand for energy has risen beyond the point where the
demand for reserves can be met by re-dispatch and is approaching the point at which the system operator would choose to
curtail firm load to maintain a minimum safe reserve level.

The first figure includes the familiar depiction of demand as nearly completely inelastic. It also depicts a supply curve that does
not fully incorporate the opportunity cost of being short of the desired level of reserves. The second figure improves both curves;
in this figure, the demand curve reflects the fact that while demand is relatively inelastic across a lower range of prices, the
higher the price rises, the more elastic demand becomes. The supply curve in this figure reflects an administrative intervention

5 CrowdFlexd Phase 1 Report, 2021, Gallows Hill, Warwick, UK: National Grid ESO.

% For an extended treatment of barriers and remedies, see Yule-Bennet t , S., and Sunderl and, L. (2022), o
demand-si de flexibility as a power system resource for Europeo, Mont pel i
" For a more detailed discussion of contextual barriers, see Hogan (2022), Tapping the Mother Lode.
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(co-optimization of energy and reserves and/or an administrative reserve shortage price adder) to ensure the market price

reflects the full mar gi nal cost of energy, including buntyh
cost of further reducing reserve levels. As a result, the market clears at a lower level of demand, at a higher clearing price, and
with a gain in social welfare during this one interval of

electricity in this interval at a cost increasingly exceeding its value.

Figure 2: Conventional supply and demand curves, with nearly complete demand inelasticity and supply that does not
fully account for the opportunity cost of a reserve shortfall
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Figure 3: Supply and demand curves reflecting demand elasticity that increases with price and supply that reflects the
contribution of the opportunity cost of a reserve shortage to marginal cost
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Note: The dotted line curves show the original, unimproved supply and demand curves; the area inside the triangle W represents the gain in
social welfare resulting from the correction. The black dotted lines denote the original market-clearing quantity (right) and the improved market-
clearing quantity (left).

Again, a very truncated version of this effect can be obtained with more traditional command-and-control peak-shaving
programs, but these capture none of the value of daily flexibility, nor do they capture any of the value of the obverse elasticity of
demand to very low prices.

Conclusion

An engaged and responsive demand side is crucial to the affordabilityd and thus the political sustainabilityd of the dual
transitions to decarbonization and electrification. The potential savings are predominantly in avoiding uneconomic capital
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investment, and those savings are accessible via distributed, customer-driven interaction between flexible loads and the needs
of a system increasingly reliant on variable supply. It is a transition from a legacy power grid run like a symphony orchestra to a
21st century grid functioning more like a jazz ensemble. The single pay-as-cleared, marginal-cost-pricing wholesale energy
market provides the essential information needed to make beautiful music.

Whilst this article addresses specifically the imperative of flexible demand in market design, a brief word is needed regarding
concerns about driving low-carbon investment. There is no validity to claims that growth of renewables must lead to the inability
of spot market prices to support investment. (The subject of this article is an important part of the rebuttal of those arguments.)
Nonetheless, significant improvement in spot market price formation is possible and necessary. Investment also relies on
access to a range of forward risk management tools. These would normally emerge as a natural extension of buyer and seller
incentives in response to legitimate need for new investment (which can be shaped by policy). Yet there are valid concerns that
various factors have conspired to impede that normal market function.

Whilst capacity remuneration mechanisms have proven especially problematic, several promising ideas have been brought
forward about measures to encourage a more robust forward contracting environment.8 Such measures, together with improved
price formation, a focus on the demand side, and well-designed social policy, are fully capable of ensuring adequate investment
in low-carbon supply, whilst also avoiding an unnecessary extended investment hiatus.

EXTREME MOVEMENTS OF ELECTRICITY PRICES: WHAT DO THEY MEAN FOR
MARKET DESIGN?

Rahmat Poudineh

Electricity prices can fluctuate due to a variety of factors, including changes in demand, weather events, and supply disruptions.
If prices follow a normal distribution, extreme electricity prices will become rare events because under such distribution
approximately 99.7 per cent of observations lie within three standard deviations from the mean. However, there is an argument
that electricity prices exhibit fat-tailed distribution.® A fat-tailed distribution is a probability distribution that has a higher-than-
normal probability of extreme events, which means that extreme price spikes or drops could be more common than what would
be expected under a normal distribution.

Figure 1: Normal versus fat-tailed distribution
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Source: Straight talk: It's a fat-tailed world after all, Wilsons. Available at: https://www.wilsonsadvisory.com.au/news/straight-talk-its-a-fat-tailed-
world-after (Accessed: April 23, 2023).

To understand this better, let& consider a simple example of daily electricity prices for a year, assuming that they are normally

distributed with a mean of $100 and a standard deviationof $10. L et 6 s a | sdat-tailsdgistnibetion of electricity prices

8 See for example Schlecht, 1., Hirth, L., and Maurer, C. (2022), Financial Wind CfDs, Kiel and Hamburg: ZBW1 Leibniz Information Centre for
Economics.
° | am indebted to Farhad Billimoria for discussion about this issue.
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that has the same mean and variance but a higher tailedness (say a Student® t-distribution with 3 degrees of freedom). If we
compare the likelihood of extreme (greater than two standard deviations) price movements under the two distributions, we can
see that the probability of extreme electricity price movements is 64 per cent higher under a fat-tailed distribution than under a
normal distribution.

Furthermore, in a fat-tailed distribution, the tail probabilities decay more slowly than in a normal distribution. This means that the
probability of extreme price spikes or drops remains relatively high even as the distance from the mean increases. For example,
if we look at the probability of an electricity price movement greater than 10 standard deviations, it is effectively zero for normal
distribution (7.6 x 10" 2 4to be exact) but around 0.36 per cent for fat-tailed distribution. Although this looks like a small chance,
in practical terms this means that if we were to observe electricity prices for a long enough period of time (say 10 years), we
would expect to see extreme price movements that exceed 10 standard deviations more than 13 times.

Indeed, this is not just an argument. Several studies have looked at the statistical properties of electricity prices, and some have
found evidence of fat-tailed behaviour.1® Although some argue that the observed price behaviour can be explained by other
statistical distributions or could be a result of measurement error or other data quality issues, fat-tailed behaviour of electricity
prices is likely to be consistent with the characteristics of a complex and dynamic system such as that of the power sector for
the following reasons.!

Firstly, the demand for electricity is relatively inelastic, meaning that consumers need a certain amount of electricity to meet their
needs and are generally unable or unwilling to reduce their consumption significantly in response to price increases. This can
result in a situation where even a small increase in demand can lead to a significant increase in prices.

Secondly, electricity cannot be easily stored on a large scale yet, meaning that supply must be constantly adjusted to meet
demand in real time. When demand increases, it can be difficult for generators to quickly ramp up production, leading to a
situation where prices may increase significantly in response to even a small increase in demand. The opposite is also true
when demand declines or there is overgeneration.

Thirdly, the electricity market operates on a marginal pricing system, which means that the price for electricity is set by the last
unit of electricity that is dispatched to meet demand. This can lead to situations where a small change in supply or demand for
any reason can result in a large change in price, as the price is determined by the cost of the most expensive unit of electricity
dispatched.

Fourthly, in many places, the power sector still relies heavily on natural gas, coal, or oil. This can result in a situation where a
small change in fuel costs can have a disproportionate effect on electricity prices.

One might be tempted to say that the essence of this issue (if proved to exist) is the marginal cost pricing, and thus, if we move
away from it to an alternative model, the issue of extreme price movements will be resolved. Apart from the fact that there is no
efficient alternative (at least with respect to short-term efficiency), removing the efficient price signal is likely to change the
problem from extreme price movement to extreme frequency of demand-and-supply imbalance. In an efficient market, price
movements are the way to keep supply and demand in balance, which is of critical importance in the electricity sector.
Therefore, if we do away with efficient pricing, we might encounter another even more complex problem.

Given this background, there are multiple implications of a having a fat-tailed probability distribution for electricity prices.

1. Due to the increased volatility of fat-tailed distributions, market participants may require higher risk premiums to
compensate for the higher risk of extreme price events. This can increase the cost of capital and can discourage
investment in low-carbon technologies that rely on market price for cost recovery. This can slow down the transition
towards a low-carbon energy system, which requires significant investments in new renewable energy capacity.

2. Consumers are exposed to the risk of price spikes during extreme events, which can lead to higher electricity bills. It
can also make further penetration of electric vehicles and heat pumps more difficult.

¥sSee for example Bystr©°m, H. N. E. (2005) , O0ExXxtr eme Intearhatioeal Reviewofr y and e x
Economics & Finance 14(1):41i 55, https://doi.org/10.1016/s1059-0560(03)00032-7.

1 To avoid confusion, this analysis does not include normal price fluctuations in the electricity market, which are not necessarily problematic.

Indeed, fluctuations in prices can serve as valuable signals for both investment and operational purposes, particularly as the energy system

adapts to incorporate renewable sources that are subject to variability. Thus, this article only focuses on extreme price movements.
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3. Electricity market participants may face higher hedging costs to manage their exposure to electricity prices. This can
create challenges for smaller market participants, who may not have the same resources to manage their risk as larger
players.

4. The higher volatility of fat-tailed distributions can create challenges for energy policy. For example, policies that rely on
stable and predictable electricity prices, such as energy-efficiency programmes, may be less effective in a market with
fat-tailed price distributions. A significant drop in electricity prices, for example, makes it more difficult to justify the
upfront costs of energy-efficient appliances or building upgrades.

5. Market design needs to account for the higher likelihood of extreme price eventsd not just by encouraging the use of
risk management strategies such as hedging or insurance, but also through the deployment of energy storage,
demand response, and other flexible resources, which are likely to be more valuable in a market with fat-tailed price
distributions.

While the use of risk management strategies such as hedging or insurance and the deployment of flexible resources are
complementary approaches to managing the risks associated with fat-tailed electricity prices, there are also fundamental
differences between these two. Hedging and insurance are designed to provide financial protection against extreme price
movements, but they do not directly affect the underlying supply and demand dynamics in the electricity market. However,
energy storage and flexible resources can reduce the likelihood of extreme price movements by reducing peak demand and
increasing supply during periods of high prices. By reducing the need for expensive peaking power plants, these resources can
help to dampen price spikes and increase the overall stability of the electricity market.

There also other issues to consider in relation to application of risk management instruments to address fat-tailed distribution. It
is often not easy to hedge effectively against extreme electricity price movements because these events are quite rare and
difficult to predict. Furthermore, the instruments available for hedging may not be well suited for such events. For example,
many hedging instruments, such as futures or options contracts, are designed to mitigate risk over a relatively short time
horizon, typically up to a few years. However, extreme price movements can occur over much longer time periods, making it
difficult to effectively hedge against them using these instruments.

Additionally, under such price movements the risk of default is higher, because if prices move against a party who has
committed to a long-term contract, they may be unable to meet their contractual obligations. Also, extreme price movements
may be correlated with other risks, such as credit or liquidity risk, which can make it even more challenging to effectively hedge
against them. For example, during periods of extreme price volatility, liquidity in the market may dry up, making it more difficult
to execute trades or unwind positions. Finally, over-hedging can also be a problem itself. If a large number of market
participants are using hedging or insurance strategies to protect against price volatility, this may increase the likelihood of
extreme price movements because there are fewer market participants available to respond to changing supply and demand
conditions.

These all point to the important role of energy storage and demand-side flexibility resources to address price spikes and drops
in the future power system. The increase in the share of intermittent renewable energy resources is likely to increase the
probability of having fat-tailed price distribution. This is because wind and solar are subject to variability and uncertainty, which
can create challenges for balancing supply and demand in real time if traditional thermal resources are phased out before
energy storage or other flexibility resources become widely available. When there is an over-supply of renewable energy, prices
can fall to zero or even below, and when there is an under-supply, prices can spike to very high levels. The fact that both supply
and demand will be weather related will exacerbate this issue.

There are various types of energy storage, but not all of them are helpful in the context of this problem. If we are facing the risk
of significant electricity price increases or decreases for a long period of time in an unknown future, the most suitable energy
storage technologies would be those that are capable of providing large-scale long-duration storage, with the ability to store
energy for days, weeks, or even months. Chemical energy storages, such as hydrogen or its derivatives like ammonia, are
among the candidates. This involves, for example, using excess electricity to produce hydrogen through electrolysis, which can
then be stored and used to generate electricity later through gas turbines. There are also other options such as compressed air,
thermal energy storage, and pumped hydro.
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The key issue, however, is electricity market design. Long-duration storage technologies face a unique challenge due to three
interrelated factors. Firstly, these technologies require a substantial amount of capital investment. Secondly, there is often a
prolonged gap between the decision to invest and the completion of the project. Finally, there are limited, if any, long-term
revenue streams available to support investment decisions. Long-duration storage assets cycle infrequently, which means the
necessary spread between the purchase and sale prices becomes significantly greater for their economics to make sense. As a
result, although short-duration storage (such as batteries) has experienced growth, the capacity for long-duration storage has
not increased. It is uncertain whether the current electricity market design will be able to provide long-duration storage
technologies.

Specifically, investing in hydrogen storage entails two main risks related to demand and pricing. The first risk is insufficient
demand, meaning that there may not be a strong enough need for hydrogen storage after the investment has been made. The
second risk is a low price for utilizing the storage facility, where the cost of accessing hydrogen storage may not be high enough
to justify the investment. This can occur for various reasons, such as competition among different types of hydrogen storage or
advancements in technology. These two risks contribute to uncertainty in revenue, which may diminish over time as the
hydrogen economy expands. Nonetheless, this uncertainty must be managed through an appropriate business model, which
may require government support.

Demand-slide flexibility, however, is more challenging to encourage. While demand for electricity plays a critical role in
determining prices in wholesale electricity markets, it typically does not participate directly in these markets. This is partly
related to physical characteristics of demand, which is largely a function of consumer behaviour and thus cannot be easily
controlled or adjusted in real time. It is also partly related to regulatory and market barriers. Small-scale consumers may have
limited ability to participate in the wholesale electricity market directly. This is why their participation is indirect, either through
demand response programs conducted by aggregators or through retail electricity providers, who purchase electricity on their
behalf.

An electricity market that is designed to enable demand-side flexibility typically includes several specifications and market
mechanisms to incentivize and facilitate the participation of demand-side resources. One important feature is that electricity
prices should be set dynamically based on real-time system conditions, which can incentivize consumers to reduce their
electricity consumption during periods of high prices. This can be achieved through time-of-use tariffs, critical peak pricing, or
real-time pricing. However, reconciling dynamic pricing with the desire of consumers for simple fixed tariffs can be a challenging
task. Consumers typically prefer fixed tariffs because they are easy to understand and budget for. Dynamic pricing, on the other
hand, can be confusing and unpredictable, making it harder for consumers to manage their energy bills.

Apart from the fact that consumers need to be educated about how dynamic pricing works and how they can benefit from it,
technology and automation are likely to play an important role in facilitating roll-out of efficient pricing. Smart devices, such as
smart thermostats or appliances, can help consumers participate in dynamic pricing programs more easily. These devices are
designed to automatically adjust their energy usage based on the current pricing, without requiring any action from the
consumer. Overall, a two-sided electricity market requires sophisticated technical infrastructure and systems to enable real-time
interaction between supply and demand. This needs significant investment in software and hardware, as well as a high level of
coordination between market participants.

We should also not underestimate the role of long-term demand-side flexibility, which refers to changes in energy usage that
require longer planning and implementation times, such as adopting energy-efficient technologies or upgrading building
insulation. These measures can reduce energy consumption over the long term and provide greater flexibility in energy usage
patterns. Governments can set minimum energy efficiency standards for appliances and equipment, such as light bulbs,
refrigerators, and air conditioners, to reduce energy consumption. However, beyond that, energy efficiency should be integrated
as a product in the electricity market.

A competitive auction mechanismt o pr o e g a & addld endourage the development of new markets for energy
efficiency, which could in turn support the implementation of larger-scale projects and a rebate for demand reduction. Also,
energy efficiency certificates can be traded as a way for energy suppliers or other market participants to meet their energy
efficiency targets or obligations. A market could also be established at the network level to trade spare grid capacity, enabling
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customers to sell their excess capacity back to the network. This market would be based on the premise that customers can
implement energy efficiency measures more quickly and cheaply than the network operator can reinforce the network, and
network needs would be tendered accordingly.

Finally, while markets can play an important role in addressing extreme events, they may not be sufficient to fully address the
challenges posed by these events. In some cases, government intervention may be necessary to ensure that the electricity
system is prepared for and can respond effectively to extreme events. How to balance the roles of government and market in
responding to extreme movements in electricity prices is a challenging question, especially when such events threaten the
reliability of the electricity supply or create significant financial hardship for consumers. Ultimately the most effective approach
will depend on the specific circumstances of each situation and will require careful consideration of the costs and benefits of
different policy options and a willingness to adapt to changing market conditions.

DISENTANGLING THE DEBATE ON ELECTRICITY MARKET (RE)DESIGNAND 6 SPLI T
MARKETS®

Michael Grubb

Introduction

6Marginal cost pricing is good; fAsplit marketsodo are t haeoafore
European electricity. The fact that there is a debated and a sometimes heated oned itself suggests a need to look more closely,

if we are to make headway.

To be clear, the European Single Electricity Market has done a great job at what it was most fundamentally designed to dod
reflect, on a short-run basis, the cost of bringing on generation to meet demand at a specific time, anywhere across Europe.
This author is not aware of anyone proposing to completely replace it.

Therein lie the fundamental issues. It is short rund very short run. And the price in that market, received by all generators selling
into it, feeds through almost all electricity consumption. To be specific, it is a short-run, marginal-cost-on-all market. That is the
first clarification required.

The 6émarginal cost curved is already split

The second is to recognize that most electricity systems are actually already split in terms of generation investments. No UK
nuclear stations have been funded through o6the marketd. The r €
reductions, have been almost entirely financed through additional mechanisms to support investment. Some of these have

indeed been, in effect, an add-on subsidyd premiumfeed-i n tari ffs (Fi Ts) or the UKOs Renewa
most efficient have been those that provide long-term price securityd fixed FiTs or contracts for difference (CfDs)d especially

where competitive auctions are used.

Mor eover, these generators have | ow or almost no marginal oper
order 6 strgcbased( pankenueoperdtingrcastS pesuniboutput: vertical axis) plotted against their

average annual output (for renewables) or available capacity (for thermal plant) in 2022 (horizontal axis). The striking feature is

that, aside from biomass, it is not remotely continuous: compared to the average demand (33.5GW), the system was split

almost evenly between plants that cost very little to run and gas generation. The market structure, of course, meant that gas set

the price. Econometric studies indeed show that in 2021, gas set the price 98 per cent of the time in the UK despite being only

40 per cent of generation.?2Ther ein | ay the great energy oOowinter of disconten
Electricity Market Arrangements towards a wider range of fundamental questions.

12 7akeri, B., Staffell, I, Dodds, P. E., Grubb, M., Ekins, P., Jaaskeldinen, J., Cross, S., Helin, K., and Castagneto Gissey, G. (23 July 2022),
O0Energy transdnolomsofi nnd&tuurople gas ihtips:ésbrecp/abstract=t4370906r i c e s 0, SSRN,
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Figure 1: Merit order of electricity generation in Great Britain in mid-2022
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Source: Grubb, M. (2022), Navigating the Crises in European Energy: Price Inflation, Marginal Cost Pricing, and Principles for Electricity Market
Redesign in an Era of Low-Carbon Transition,
https://www.ucl.ac.uk/bartlett/sustainable/sites/bartlett sustainable/files/ucl _isr_necc wp3_with_cover final 050922.pdf.

Notes: The figure is based on approximate short-run marginal costs in mid-2022. Capacity values given are based on the average availability
and capacity factors of each technology. Costs are the sum of variable Operation &Maintenance, fuel, and carbon costs (as applicable), with
data from UK government.?

So it will help to drop the rhetoric and concentrate on the substantive questions. Do we want short-run marginal prices applied to
all generation and all consumption, or do we differentiated and if so, why and how? And, if investment structures reflect long-run
marginal costs, do we want these to relate to consumer pricingd and if so, how?

Return to fundamentals

The questions above refer to what we want, not efficiency, because efficiency has many meanings and can be delivered in

many ways. J. R. Nelson noted 60 years ago in the American Economic Reviewt hat o6éno met hod of economi
deter mi ne, scientifically, what to do &% which, intpractice,gan pe réad asthe e n  a v
gap between long-run and short-run marginal cost. And efficiency has become synonymous with Pareto efficiency, which

essentially is blind to distribution: people can die from high winter energy prices and economics can still call the energy market
Pareto-efficient. Ordinary human beings, and politicians, would notd a lesson underlined yet again by the energy crisis, and

responses to it, which at one point threatened the Owdpeagl e el €
Union.

There are two intellectual debates, with two obvious links between themd links which become all the more important in the face
of an accelerated transition towards renewables.

13 Digest of UK Energy Statistics i Data Tables

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/1135950/DUKES 2022.pdf: Installed

capacity per technology (thermal) DUKES 5.11, costs of fuels from DUKES 3.2.1, Operation & Maintenance costs from BEIS, carbon cost

assumed at 80 £/tCO2, capacity factors from DUKES 6.3. Availability factors for thermal generation assumed at 0.9
(https:/imww.gov.uk/government/publications/beis-electricity-generation-costs-2020).

“Nelson, J. R. (1963), O6Practical appli catAmerica EcofiomicnRevieyi 52(8)) 4746485t pr i ci
https://www.jstor.org/stable/1823888#metadata_info_tab_contents.
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The first is that least-cost should imply capital efficiency for the huge investments required. The simplistic economic theory that
high infra-marginal rents should attract adequate investment, supported by long-run hedging, is the worst kind of theory. It fails
in terms of all the empirical evidence, it embodies the dubious assumptions that there are no significant barriers to entry and
that incumbents have no market power, and it neglects the more sophisticated recognition that efficiency is also about efficient
allocation of risks. Most fundamentally, many of the risks facing low-carbon investments arise from political risksd the
geopolitics of fossil fuel prices and political choices around carbon pricing, interconnector investments, capacity markets,
planning rules, etc.d all of them potentially subject to policy cycles.

It is not obvious that hedge funds, offering investor protection against these policy, political and geopolitical uncertainties, should
be amongst the major beneficiaries of the energy transition. If governments today want efficient investment in goods which mix
public and private benefits (like low-carbon investment), it is eminently sensible for them to underwrite many of those risks
through contracts rather than expecting markets to do so. The EU debate has talked up the potential of private sector Power
Purchase Agreements, which indeed have an important role to play. But the fact that the EU debate is now considering
government underwriting of counterparties for Power Purchase Agreements illustrates the limits, and intellectual contortions, of
expecting markets to deliver the required scale of public goods investment, or to do so efficientlyd particularly for low-carbon
sources for which cost-of-capital is paramount.

The future is coming fast

Consequently, in economic terms the gap between short-run and long-run marginal costs will only increase, certainly in volume
terms. Few seem to fully grasp the scale of what is coming. In both the UK and the EU, non-fossil generation is expected to
account for more than 75 per cent of generation by 20300 within seven years. The currently fossil-fuel-price-setting marginal
cost curve element of the figure above is not only migrating rapidly to the right, it is on a trajectory to phase-out, in the sense of
reflecting the operational costs of fossil fuel generation. The rhetorical question for electricity markets as currently conceived is,
therefore, for how long can the disappearing fossil fuel tail continue to wag the dog of a renewables-based electricity system?

The question is rhetorical in the sense that efficient dynamic scheduling of the dispatchable on-demand plants will become even
more important, not less. Around half the projected generation (again, in both Britain and the EU) by 2030 will be variabled wind
and solar. A short-run wholesale market is needed more than ever, but it has to adapt to accommodate the maturing of the
adol escent renewabl es. Over ti me, itsd composition should
generation and grid-connected storage i but that cannot happen overnight.

trar

For such a system, therefore, and especially duringthe comi ng decade of transition,-run-he big
marginal-pr i ciongld € |t already does & dotwhiahphede is minimal lask df opgrational efficiercy, s

since those on FiTs or two-way CfDs are mostly variable andnon-di s pat chabl e édmust runbd. A great
expressed about the problems that would arise if short-run-marginal-pricing signals were lost to consumers. Oned inadequated

answer could be to note that some types of consumers/consumptions in fact have little flexibility to respond anyway.

Green power pools combined with operational consumer price signals

A 6dual mar ket s6é approach based on a Green Power Pool (GPP), <

cost of renewables generation (at the average contract price, i.e. reflecting the long-run marginal cost/contracted strike-price),
supplemented by purchases from the wholesale market when demand exceeds the available renewable energy. The result is
that consumers pay overall the average cost of the generationd a combination of the renewables plus balancing purchases to
ensure reliable supplies. The marginal price required to ensure reliability is added to the consumer bill, but only for consumption
above the volume of renewables available. To maximise efficiency, where feasible this would be passed through on a real-time
basis, creating short-run incentives for consumer flexibility. 1>

15 For details of design and associated contract structures, see Grubb, M., Drummond, P., and Maximov, S. (2022), Separating Electricity from

Gas Prices through Green Power Pools: Design Options and Evolution, Navigating the Energy-Climate Crises Working Paper #4,

https://www.ucl.ac.uk/bartlett/sustainable/sites/bartlett _sustainable/files/navigating_the energy-climate crises_working_paper 4 -
green_power_pool_v2-2 final.pdf
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Indeed, the full incentive structures usually associated with the wholesale market alone can be preserved, to the extent that the

6retail systemd (large consuming organizations and suppliers |
to handle two-tier pricing contracts. Those contracts would have a volume associatedwi t h t he 6as avail abl e
generation, plus full incentive to develop flexibilitpecilp red:¢t

when spot prices in the latter are high.

Consumer access to a green power pool with assured prices i who could benefit and how?

The key remaining issue, then, is how consumers should benefit from such a GPP and dual market structured in terms of
access to electricity equivalent to the GPP renewables generation, in each hour, at an assured price derived from the
renewables contract prices (obviously with add-ons for network and other expenses). There are essentially three options.

1. The electricity at this price could be made available to all suppliers, in proportion to their overall customer base. The
obvious challenge would then be how to ensure that suppliers do pass on the costs appropriately. Paradoxically, if
suppliers adopt marginal cost pricing logic in their sales, they, not consumers, would end up taking the inframarginal
rentsd much in the way that generators made big profits from free emission allowances in the EU Emissions Trading
Scheme whilst selling at marginal prices. So some element of price regulation would seem necessary.

2. The cost and volume of the GPP could be usedto setthe base bl ock of housé&hoelwthke@m i si ng
an old idea of enabling everyone, including the poorest, to access a certain amount of electricity at affordable prices.
The normal rationale is a broad equity argument grounded in the presumption that richer people consume more
electricity. In this case, a base supply at the GPP assured price would, more broadly, have the effect of reducing the
exposure of all consumers to price volatility associated with fossil fuels.

3. The beneficiaries of a GPP could be prioritized, particularly in a period of high fossil fuel costs and transition away from
them, in terms of specific consumer groups. This amounts to a form of social tariff. There are many variants of
proposals for social tariffs, most involvingf i s ¢ a | subsidies to identified o6fuel po
rationales. These generally have to face the realities of relying on direct public finance, in the hands of treasuriesd with
the consequent risks that treasuries may remove such support at any budget, or (in contrast) that once established,
politicians may chase votes by promising ever wider and more generous social tariffs, leading to general energy
subsidies with all the known problems these generate.

The core difference, therefore, would be that a social tariff derived from a GPP would operate independently of the Treasury and
be self-constrained by the volume of available renewable energy. It would provide a degree of price assurance to a targeted
group of consumers, whilst the inevitable pressures to expand would become directly tied to the objective of accelerating the
volume of renewables for purposes of decarbonizing the electricity system. Ethically, an additional argument would be that since
the subsidies required to launch renewables at scale were funded through a fixed (and hence regressive) consumer charge,
there is a clear ethical logic for saying that poorer consumers should be the first to benefit from the resulting revolution in the
cost of renewables.

Establishing a GPP (or more than one) would not be a trivial step, but nor need it involve massive disruption. A GPP associated
with renewables on CfDs has the advantage of linking it to a pool of renewables of known price (declining sharply) and volume
(rising rapidly), for which existing government underwriting gives a prima facie case for government to determine how the
economic benefits should be fed through to consumers. In the UK given that fact, and the existence of associated institutions
(like the Low Carbon Contracts Company, the government-backed counterparty to CfDs)d a CfD-derived GPP could be
established quite rapidly, with varied options as to how much it affects electricity market trading itself as opposed to primarily
financial rewiring.

Aside from the details of different design and implementation options, the aim remains the same: to start connecting consumers
more directly to the predictable cost of renewablesd the main body of our future electricity systemd rather than having all
consumption tied to the declining and likely volatile tail of fossil fuel costs.
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REFORMING ELECTRICITY MARKETS FOR HIGH RENEWABLE PENETRATION

David Newbery

The UK g o v RaviewéHettiicisy Market Arrangements ( REMA) consul tation is a 20Blsponse
objective of decarbonizing the UKés electricity systemngy 2035E
case for review:

We do NOT consider that existing market arrangements are likely to deliver our ambition for a decarbonised and
secure electricity system by 2035 at least possible cost to consumers, and put us on a pathway to a (sic) meet our
2050 net zero target. We therefore conclude that there is a strong case for change.16 (emphasis added)

The main argument of this note is that quite modest changes can be made very quickly to deliver most of the required changes
to the market design. It is also desirable to consider and start the process of making more radical changes that will make the
electricity market better suited to longer-term challenges, but there is no need to scrap most of the current features of the
market while making these more radical changes. The central point is that much, perhaps all, of the required improvements can
be made by careful modifications of long-term contracts, with both National Grid and with those for renewable electricity
auctioned by the UK government.

Since the consultation was launched, the urgency of dealing with the current energy crisis has prompted calls for immediate and
more radical changes. This note concludes with policy recommendations that would address the current energy crisis without
disturbing the longer-run market and institutional design arrangements.

The key features of the present market arrangements worth keeping are

1 the use of (and timetable for) auctions for renewable energy, which to date have been remarkably successful in driving
down delivery costs, but need to increase delivery,

9 the predictable payment stream the auction delivers, enabling secure low-cost finance (mainly bonds) and hence
lowering the delivered cost of electricity,

a capacity auction to procure adequate de-rated capacity for security of supply,

continued refinements to the pricing and procurement of ancillary services for reliability and flexibility,

= =4 =4

a locational cost-reflective generation transmission tariff methodology, and
9 retention of real-time prices set at the marginal cost of acquiring power.

Modest changes to the design of the contract for difference with feed-in tariff (CfD with FiT) (described below) for variable
renewable electricity (VRE), i.e. wind and photovoltaic (PV), can address some of the flaws in existing contracts and make
holders more market responsive. Network charges can also be easily adjusted to improve investment location signals. Both
reforms could (and should) be introduced before the next round of renewables auctions. The following sections set out these
reforms in more detail.

The size of the decarbonization challenge
The size of the challenge of decarbonizing electricity by 2035 is clear:

Our scenarios indicate that around 300 GW of capacity could be needed by 2035, up from around 100 GW today.
That means that over 10 GW of new capacity is required on average each year until 2035, against an historical
average of 5i 6 GW.17

16 hitps://www.gov.uk/government/consultations/review-of-electricity-market-arrangements, 43.
17 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1098100/review-electricity-market-
arrangements.pdf p27
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More granular detail is provided in the April 2022 British Energy Security Strategy.!® The latest auction for renewable electricity

ran on 7 July 2022,19 and secured 10.8 GW to be commissioned over many future years. These commissioning volumes can be
compared with the target rate ofFutara BnargySceoaros, and snggeshtieat uNless futwen al Gr
auctions deliver substantially more capacity and/or auctioned volumes are commissioned more quickly, the 2030 targets will be
substantially missed. The largest volume procured was for offshore wind (which takes considerably longer to commission), but

total procurement is running at about half the rate needed to meet the 2030 targets.?2!

While Scotland procured onshore wind, England and Wales ignored this low-cost renewable resource,?? reflecting the current
government &8s hostil ity to onshore wind. The Climate Change Con
onshore wind capacity from 14.2 GW now to 29 GW by the end of the decade. That implies an urgency in overcoming political

and local opposition to onshore wind as soon as possible.

Reforming the CfD with FiT for renewable electricity

Under the current CfD with FiT, a successful bidder receives the clearing strike price s £/ MWh on metered output for 15 years
from commissioning. Thus in the July 2022 auction, onshore Scottish wind received a strike price of £201242.47 =
£202253.94/MWh, considerably below the 2022 wholesale price. The developer is responsible for selling output in the market (or
to an off-taker) and receives (or pays, if negative) mn(s i pn) where mp is metered output in hour h, and pn is the reference (day-
ahead) wholesale price in that hour.

This contract has a number of disadvantages. First, there is no incentive for the developer to respond to real-time market prices,
for example by offering to reduce output to assist in balancing, or to hold some capacity back to offer flexibility services, either of
which might be more valuable to the system than the day-ahead price suggests. There is also an incentive to generate when
prices are below the avoidable cost of generating, as the strike price will be higher than this. Worse, it can encourage production
when the real-time price falls to or below zero, risking that a dispatchable plant might close down and start up at considerable
cost, when the economic cost of suspending output from VRE is at or near zero.

The CfD with FiT can be revised easily to avoid these problems by copying the format of conventional CfDs. A standard CfD is a
purely financial contract that pays the strike price s on an agreed volume, M, regardless of whether producing or not. The
generator decides to generate solely guided by the spot price as the CfD pays (s p)M when the market price is p, and the
generator makes profit (ST p)M + (p i c)y if producing y when the avoidable cost ¢ is below the market price, and if p < ¢, does
not produce, and avoids making a loss (p i c)y by setting y = 0, just receiving (s 1 p)M.

The solution is to make the VRE contract payable not on metered output, but on day-ahead forecast output of that technology at
that location. The developer would designate a preferred forecasting agency to provide day-ahead hourly forecasts of the
capacity factor di for its own technology (using power curves and weather forecasts) at its location r in hour h. The generator
would secure a yardstick contract in the periodic renewable auction at the strike price s for capacity K. The proposed yardstick
CfD (YCfD) would pay (s T prh)dimK when the spot price is pr (in hour h, location r). (In the absence of nodal pricing, pr = p.
Nodal pricing, also known as locational marginal pricing, LMP, is one of the more radical solutions and would take some years
to implement.)

There is another potentially undesirable feature of the fixed-length (15 years) CfD with FiT. To an approximation, the capital cost
of VRE is independent of location, and so over a fixed number of remunerated MWh the present discounted value of revenue
will be almost independent of location and hence more closely aligned with the capital cost. (Higher capacity factors will deliver
that number of MWh more rapidly and hence will have a slightly higher present discounted value.) If the lowest capacity factor

18 Department for Business, Energy & Industrial Strategy (2022), British Energy Security Strategy,
https://www.gov.uk/government/publications/british-energy-security-strategy/british-enerqy-security-strateqy.

19 See https://www.gov.uk/government/news/biggest-renewables-auction-accelerates-move-away-from-fossil-fuels.

20 https://www.nationalgrideso.com/future-energy/future-energy-scenarios

2L FES, 2022 at https://www.nationalgrideso.com/future-energy/future-energy-scenarios. The calculations are based on the Consumer
Transformation scenario, which does not hit the Department for Business, Energy & Industrial Strategy off-shore wind target until 2035. (Only
the ambitious Leading the Way scenario achieves that.) The target capacities are only given for 2030. The implied annual increments are based
on projected output but smoothed.

22 The UK Department for Business, Energy & Industrial Strategy (2022, British Energy Security Strategy) admits that on-shore wind is the
cheapest renewable electricity.
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sets the clearing price, and if the contract is for a fixed number of years, higher-capacity-factor VRE farms will earn higher
revenues and hence higher (infra-marginal) rent. If instead the contract were for a fixed number of MWh/MW of capacity (i.e. for
a fixed number of full operating hours, e.g. 40,000) then the advantage of the higher capacity factor would be much reduced,
reducing infra-marginal rents and hence the cost of the auction.

Contracts signed under the Renewable Obligation (RO) scheme that continued until about 2017 added (and continue to add)
about £50/MWh to the wholesale price, thus over-rewarding development of high-capacity-factor VRE in distant onshore windy
locations (such as the west coast of Scotland). This would still be a problem if the CfD with FiT contract length were specified in
years when the support price is above the expected output-weighted wholesale price (as it is likely to be when VRE begins to
saturate demand).

There are two additional challenges that VRE contracts must handled how to deal with and pay for curtailment and local
congestion. Curtailment arises as an inevitable consequence of high VRE penetration levels, as peak-to-average-output ratios
are 3i 4:1 for wind and 9i 11:1 for PV. As VRE penetration increases, they will produce more than demand in many hours. The
REMA consultation found that by 2035 prices could be driven to zero 50 per cent of the time as a result of surplus (spilled)
VRE.23 When VRE is in country-wide surplus (after exporting when neighbouring countries are not saturated, and injecting into
storage until full), the efficient wholesale price should fall to the avoidable cost of the marginal curtailed generator (zero for PV,
£471 10/MWh for wind).24 YCfD holders would still receive the excess of the strike price over the (low) day-ahead market price on
their (high) forecast output, but would choose not to generate if the real-time price falls below their avoidable costd in effect,
they would self-curtail. If they were instructed to curtail, they would still receive the contract payment less their avoidable cost (to
be specified in the YCfD contract), as their contribution to their (capped) capital finance cost, the recovery of which ensures a
low finance cost.

Congestion arises because the network has limited capacity and cannot export the output from specific locations. With nodal

pricing this is not a problem, as the effect would be the same curtailment, but under the current zonal pricing the day-ahead

price might be quite high, and if VRE is constrained off under the YCfD it would only receive a smaller amount (or might even

have to pay back). The simplest solution under zonal pricing would be to pay the lost profit, as with existing constraint payments
needed for conventional CfDs. The 6full operating hoperMW durir
relevant for an output-defined contract (and a further argument for that contract form).

The combined result of these two changes would be a YCfD (the
pay (s1 pm)dimK when the spot price is pm (in hour h, location r) for the first N MWh/MW (i.e. full output hours), where prm
indicates that if at some date nodal pricing is introduced the contract would not need changing.

Reforming transmission pricing

If there is to be a single auction clearing strike price, s, for each technology category, then it will be important to give the right
locational guidance for the investment decision, and that requires simple changes to Transmission Network Use of System
(TNUoS) charges. These charges should be set to guide investors to the locations that minimize total system cost (generation
and transmission). At present any generator connected to the transmission system pays a zonal TNUoS charge.

2 see figure 5, p38 of the REMA Consultation at https://www.gov.uk/government/consultations/review-of-electricity-market-arrangements

24 Department for Business, Energy & Industrial Strategy (2020), Electricity Generation Costs 2020,
https://www.gov.uk/government/publications/beis-electricity-generation-costs-2020; National Renewable Energy Laboratory (2018), Offshore
Wind Energy International Comparative Analysis, Technical Report NREL/TP-6A20-71558, https://doi.org/10.2172/1483473.
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Figure 1: Transmission network use of system charges 2021-2022
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Note: zones run broadly northeast to southwest, from zone 1 in north Scotland to zone 27 in Cornwall. Negative charges imply payment to the
generator if generating in peak (Triad) hours.?®

Source: National Grid Electricity System Operator (2022), Final TNUoS Tariffs for 2022/23,
https://www.nationalgrideso.com/document/235056/download.

The figure above shows the variation in TNU0S charges across Great Britain for base-load and a 37 per cent capacity factor
wind generator. The TNUoS charges are set by National Gr
14.14.6 of the Connection and Use of System Code:26

The underlying rationale behind Transmission Network Use of System charges is that efficient economic signals are
provided to Users when services are priced to reflect the incremental costs of supplying them. Therefore, charges
should reflect the impact that Users of the transmission system at different locations would have on the Transmission

idos

Owner 6s cost s, i f they were to increase ofr decrease their

defined as the investment costs in the transmission system, maintenance of the transmission system and maintaining
a system capable of providing a secure bulk supply of energy.

This is correct in theory, but the actual charges suffer from two serious faults. First, the charges to all users are changed
annually to reflect changing demands on the network, even to existing plant that cannot relocate. Major TNUoS changes each

year are discouraged as they would undermine the predictability of future grid charges and increase investor uncertainty. Within

each price control period of five years there is considerable stability and predictability. However, the rapid rate of VRE

expansion will lead to local congestion, and TNUoS charges will need to change to steer entrants away from export-constrained

zones, making lifetime charges uncertain.

The second problem is that Investment Cost Related Pricing assumes that the network can be immediately and incrementally
resized to optimize system costs. In practice, network enhancements take many years to deliver, and for that reason (and
inherent lumpiness) are initially over-sized to be suitable for a reasonably long term (the present grid was largely completed in
the 1960s). In sum, at any date network charges are unlikely to give the right entry signals.

% Triad hours are the three half-hours of highest system demand separated by 10 days used to set demand charges
26 hittps://www.nationalgrideso.com/industry-information/codes/connection-and-use-system-code-cusc
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The solution is simple, and already applies to the charges set by Offshore Transmission Owners for using the transmission from
the offshore wind farm to the onshore connection point. These charges are set for a period of 20 years. The solution is to offer
15- or 20-year contracts at a fixed cost at each node on the onshore network, adjusted as in the preceding figure (which
contrasts fossil baseload and wind) to reflect the different demands different types of plants make of the system. These
contracts could be adjusted each year for the next round of entrants without affecting existing contract holders (who, after all,
cannot relocate once they have invested).

The developers of mature VRE (like onshore wind, PV, and increasingly offshore wind) would now know on entering the auction
almost exactly what their predicted revenue and costs would be over the life of the contract, on the back of which cheap bond
finance should be readily secured.

Addressing the current energy crisis

Many commentators have argued against marginal cost pricing and suggested more or less abandoning the current market

design completely.?” Their appealing argument is that VRE and nuclear power have very low marginal (and in some cases lower

average) cost than the price set by the marginal carbon-inclusive gas and coal plant, and that the considerable infra-marginal

rents they earn should be passed on to consumers through the ¢
bought on a separate market to make up any shortfall.

This two-market solution is quite unnecessary, certainly for any future new nuclear power financed by the Regulatory Asset
Base (RAB) and for all existing CfD with FiT contracts, whose counterparty, the Low Carbon Credit Company, already receives
the difference between the wholesale and strike price. As more new entrants are covered by long-term contracts, any infra-
marginal rents will become available to the public sector automatically. A sensible new market design can be simply
characterized as one with competition for the market (via auctioned long-term contracts) followed by competition in the market
(with marginal pricing).

The infra-marginal rents can be passed back to consumers via equivalent long-term contracts, adopting a stepped tariff of the
kind long in use in e.g. California, which increases the tariff above a baseline.28 At the next re-setting of the tariff (presumably on
1 April 2024), the government could announce that the first 200 kwWh/month (or 2,400 kWh/year) would be at the low capped
rate, but that all consumption above that rate would be at wholesale-related rates. The regulator might also cap this additional
rate based on forward contract prices as with the previous capped system, but one might equally argue that retailers could
compete to offer better marginal rates (subject to close scrutiny of their financial ability to make such offers, based on their
collateral and contract positions). Alternatively, or in addition, those with heat pumps could be offered a low-carbon contract,
perhaps subject to being locally dispatched.

Retaining marginal pricing is critical for incentivizing efficient energy dispatch and use, notably for time-of-use pricing, which will
be attractive to some (larger) consumers with schedulable load. The aim of good market design is to provide good hedges to
reduce risk and cost while preserving short-term market signals. This is already the case through the CfD market for large loads,
and can be extended to cover the rest of the market with some creative contract design.

Whether it is legal or feasible to impose new and closer-to-average-cost contracts on existing but initially subsidized generators
is unclear, at least to this author. The current buy-out price for the 20221 2023 obligation period is £52.88 per RO cetrtificate,2?
which is added to the current very high wholesale price for renewables holding RO contracts (before 2017 but continuing in
some cases to the 2030s). As a first step, if legal, the RO certificate market price could be driven to zero by removing the
obligation for suppliers to buy RO certificates. More generally, as the excess of RO contracts over the original cost of the VRE is
publicly paid for, one might argue that they are no longer in the public interest and should be referred to the Competitions and

27 E.g. Grubb, M. G. (2022), Navigating the Crises in European Energy: Price Inflation, Marginal Cost Pricing, and Principles for Electricity

Market Redesign in an Era of Low-Carbon Transition,

https://www.ucl.ac.uk/bartlett/sustainable/sites/bartlett sustainable/files/ucl isr_necc wp3 with cover final 050922.pdf; Keay, M., and

Robinson, D. (2017), Mar ket Design for a Decarboni sed Eaclk Otfordilnstiute for EMeagy Ktedtes, t he 6 Tuv
https://www.oxfordenergy.org/publications/market-design-for-a-decarbonised-electricity-market-the-two-market-approach/; Keay-Bright, S., and

Day, G. (2022), Rethinking Electricity Marketsd EMR2.0: a New Phase of Innovation-Friendly and Consumer-Focused Electricity Market Design

Reform, https://es.catapult.org.uk/report/rethinking-electricity-markets-the-case-for-emr-2/.

2 E.g. https://www.pge.com/tariffs/assets/pdf/tariffoook/ELEC_SCHEDS_E-1.pdf.

29 https://www.ofgem.gov.uk/publications/renewables-obligation-ro-buy-out-price-mutualisation-threshold-and-mutualisation-ceilings-2022-23.
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Market Authority to be reset. Price controls for regulated assets (like the grid) are long-term contracts subject to inspection and
re-setting if no longer in the public interest at each price control date. All nuclear stations are held by EDF, who wishes to sign
an RAB contract for Sizewell C. Perhaps they could be persuaded to accept similar RAB contracts for existing plant.

A second step would be to abolish the Carbon Price Support that adds £18/tonne CO: to the UK Emissions Trading System
price, and replace it with a carbon price tax that rises at a predetermined (carbon-target-consistent) rate, providing more stability
and predictability to its future level. The current Carbon Price Support again gives unjustified infra-marginal rent to all low-
carbon generation without CfDs with FiTs (including biomass).

The final, and perhaps only legal, solution is a windfall tax on all RO certificate-issuing companies, and perhaps also on existing
(and largely amortized) nuclear assets.

Summary

There is no need for some of the more radical reforms suggested to the current wholesale market, merely a continuation of the
direction of travel towards more competition for the market followed by competition in the market. Minor adjustments to the CfDs
with FiTs and TNUOoS tariffs could achieve most of the immediately available gains of more efficient location choices and more
market response. Longer-term desirable changes to introduce nodal pricing and perhaps an Independent Design Authority (to
proactively coordinate transmission and generation locations) could be set in motion, as they will take longer to deliver. The role
of the Low Carbon Credit Company could be usefully clarified, and the balance and level of levies on electricity reconsideredd
particularly as gas is exempt, distorting the shift to low-carbon heating. Short-term fixes to address the current energy price
crisis should ideally preserve incentives at the margin to respond to high prices while providing support for a fixed number of
kWh per month (or year) to domestic customers without overcompensating the wealthy.

ARGUING OVER THE FUNDAMENTALS OF MARKET REFORM IS UNDERMINING
INVESTMENT AND IMPEDING THE ENERGY TRANSITION

Robert Gross

In July 2022 the then UK Department for Business, Energy and Industrial Strategy (BEIS) opened a public consultation on
prospective reforms to the wholesale electricity market for Great Britain. (The focus on Great Britain rather than the UK reflects
the fact that the island of Ireland operates an integrated all-Ireland grid, with different market and regulatory arrangements.) The
consultation was announced in the British Energy Security
response to unprecedented energy price rises.30

However, the consultation known as REMAJ the Review of Electricity Market Arrangementsd had been long planned and pre-
dated the crisis, originating in a 2020 Energy White Paper that instigated a review of the future of renewable support schemes.3!
This was described in incrementalist ter ms, with the wihlli te

Str e

pafr

seek a balance between options for further r ef o%Tme G (contract mar k €

for difference) i s the UKOo=arbomrenengy,iam affers & long-pmofixed preeccongrantdo efigible |
generators.33

ow

It is instructive to recall the context in which that original consultation was launched, and its scope. Intherun-up t o 202106s |

Presidency of the United Nations Climate Change Conference (COP26), and in a period of low energy prices where policies
were focused on post-Covid economic stimulus,3* the energy white paper included new targets for offshore wind, retail market

%0 hitps://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1098100/review-electricity-market-

arrangements.pdf.
Slhttps://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/945899/201216 BEIS EWP_Command_Pa

per_Accessible.pdf.
%https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/945899/201216 BEIS EWP_Command Pa

per_Accessible.pdf, page 47.
33 https://www.lowcarboncontracts.uk/contracts-for-difference-cfd.
34 https://www.gov.uk/government/publications/the-ten-point-plan-for-a-green-industrial-revolution.
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proposals aimed at encouraging switching, and new funding for carbon capture and storage, hydrogen, and floating offshore
wind.35 A major focus was green jobs. It paid little attention to wholesale market design. Indeed, a principal theme was how
successful existing schemes had been at expanding renewables whilst reducing their costs. The associated consultation
document hinted at the possibility of more radical changes, but it also included a section asking about how the CfD scheme
could do more to promote industry and growth in disadvantaged regions.3¢ This suggested that whilst radical changes might be
mooted, they were not being taken particularly seriously.

Back in 2020 this commentator expected minor changes, certainly in the short or medium term, and a strong focus on

incremental improvement aimed at delivering policy goals. The government had just placed offshore wind at the heart of a

6green industrial revolutiond and set a t &fltgeemedsaif-evidentattar upl e it
above all else officials would not want to undermine the investment needed to mobilize on the order of £60 billion in new

investment. It would not have been surprising if the entire REMA process was confined to relatively minor adjustments with a

largely successful support regime, known as electricity market reform, brought into being in 2013.38

The policies created through electricity market reform have been associated with significant reductions in the prices paid for
renewables, ongoing expansion of renewables, development of a new nuclear power station, falling CO2 emissions, and healthy
capacity margin (a widely used, if simplistic, measure of power system reliability). A cap-and-floor scheme introduced in 2014
helped to secure new interconnections to mainland Europe,3® and a range of new service contracts created by the Electricity
System Operator (National Grid ESO) have seen the emergence of around 2.5 GW of grid-connected batteries.4°

Despite the gradualist language of the original consultation, the 2020 call for evidence on renewable support schemes grew into

2 0 2 2 6 srangingdesiew (REMA). This considers more than 30 options for electricity market/incentive reform, many of which

are profound and far reaching, requiring fundamental changes to the operation of the wholesale market. The figure below
reproduces BEI S6s representation of all the options discussed
Department for Energy Security and Net Zero published its summary of responses to the REMA consultation, to which 225

groups and individuals responded. In its response, the Department only ruled out six options. Despite a majority of responses

being against zonal or nodal locational marginal pricing (LMP), these remain under consideration, as do a wide range of

changes to the CfDs, so-called split markets, and a move from self-dispatch (market arrangements in place since 2002 in Britain

based upon bilateral contracts between generators and suppliers) to centralized despatch (single buyer model).4t

35

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/945899/201216 BEIS EWP_Command_Pap
er_Accessible.pdf.

36 hitps://www.gov.uk/government/consultations/enabling-a-high-renewable-net-zero-electricity-system-call-for-evidence.

87 hitps://www.gov.uk/government/publications/the-ten-point-plan-for-a-green-industrial-revolution.

3 https://www.legislation.gov.uk/ukpga/2013/32/contents/enacted.

39 https://www.ofgem.gov.uk/sites/default/files/2021-09/Regime%20Handbook. pdf.

40 https://www.nationalgrideso.com/document/157791/download.

41 https://fsr.eui.eu/regulatory-models-in-the-power-sector/.
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Figure 1: Options for renewables support discussed in REMA (red represents options discounted as of March 2023
orange items are partially included)
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Source: Department for Energy Security and Net Zero (2023), Review of Electricity Market Arrangements, p. 9,
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment _data/file/1140189/review_of electricity market arrang

ements_summary_of responses.pdf.

The decision space: open-minded but unrealistic?

In some respects, it is welcome that the officials managing the REMA process have been open-minded. This allows a wide

range of prospective changes to the electricity market to be debated. The issues REMA seeks to tackle are significant: current
policies do not provide enough support for investment in new sources of flexibility such as longer-duration storage, and network
constraints are impeding progress and creating inefficiencies, whilst the presence of large volumes of renewables creates a
phenomenon known as price cannibalization.*?2 The unprecedented rise in gas prices has also led to increasing emphasis on the
potential for a renewables-dominated power system to offer lower and more stable prices, if only the gas-to-power wholesale
powerpri ce | ink, described by one f ofooveldbebrékenpri me mini ster as

The problem is that it is difficult to square a wide-ranging and largely open review of all imaginable power market redesign
options with high-level political commitments to an unprecedented increase in the installed capacity of renewables in an equally
unprecedented short time. The documentation around REMA has stressed the importance of maintaining investor confidence
and avoiding an investment hiatus.#4 Government has committed to maintain forthcoming CfD allocation rounds. However, as
yet no timeline has been attached to the potential implementation of any of the options that would require fundamental changes
to the design of the wholesale market. This is at odds with the desire to maintain investor confidence. Prospective investors now
do not have a clear view of whether market design changes will be implemented during the investment horizon of future projects
entering the development phase now.

The debate about market design is also taking place in a wider context in which the entire energy system is in a state of
transition. In its contribution to the first BEIS consultation, UK Energy Research Centre (UKERC) described this as a

42 https://imperialcollegelondon.app.box.com/s/028irer6xb67godf711991ullwfbcshp.

43 https://www.edie.net/boris-johnson-planning-energy-market-shake-up-to-end-ludicrous-electricity-prices-for-homes-and-businesses/.
4 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1098100/review-electricity-market-
arrangements.pdf.
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conf |l agr atequiibriunoritks*®nomMhese pertain to systems that are in a st
infrastructure for supply and different patterns of demand, with many of these changes driven by policy, and very little historical
pricing information to inform future investments.46

The UK has a tradition of grandfathering investment and avoiding retroactive rule changes, but the complex interactions
between incentives, wholesale market design changes, management of constraints, and other factors mean that REMA is
already creating considerable policy risk for future investments. The simplest way to minimize this would be for officials to
delineate a timeline during which the more far-reaching changes are off the table. This would also introduce a welcome dose of
realism into the deliberations, since changes that require primary legislation will require years to even begin to implement.

The case for an incremental approach

For at least the next 10 years the non-equilibrium risks are substantial. They are unavoidable if we are to get substantially onto
a trajectory towards zero-carbon electricity during the 2030s, meet stated policy goals such as the target of 50 GW for offshore
wind, deploy 600,000 heat pumps per year, and phase out petrol cars.#” The policy-dependency of many of these risks makes
them potentially unsuitable to be wholly managed by the private sector. The rate of electrification of heat and transport will be
largely policy-driven and determines overall demand for electricity. Likewise, support for carbon capture, use, and storage and
nuclear and other low-carbon generation options affects overall supply, whilst the build-out of flexibility options such as
hydrogen and interconnectors determines price behaviour in markets. Progress with electricity network upgrades will affect
constraints, hence price formation if we move to locational marginal pricing.

In 2021 UKERC undertook analysis of market price risk for a hypothetical offshore wind project developer, looking out to 2035
with a range of scenarios for energy system development based upon the Future Energy Scenarios provided by National Grid
ESO. The analysis found a wide range of prospective wholesale market price formation outcomes, with substantial implications
for curtailment and price capture by individual wind operators, driven largely by the availability of flexibility and overall volume of
wind and solar generation on the system. The analysis concluded that, from a developer perspective, the presence of such risks
in the absence of the revenue stability provided by a CfD would add up to 6 percentage points to risk-adjusted rate of return. It
also found that each 1 per cent addition to the required rate of return for the offshore wind fleet envisaged in 2035 is roughly
equivalent to a £1 billion per year addition to overall system costs.*8

The early stages of the transition are perhaps the most uncertain. To tackle the transition over the next 81 15 years, a pragmatic
approach would be to continue to commit to CfDs, which could be incrementally modified to introduce enhanced incentives for
flexible operation or to reflect locational factors. UKERC has also mooted the possibility of widening the scope of CfDs to
include legacy plants.*® Work could take place in parallel on whether a new form of market is needed to facilitate the
continuation of low-carbon investment over the long term. This could be phased in as we get nearer to a new equilibrium
situation (perhaps late 2030s) and it becomes clearer what the characteristics of this new system are. An approach that sustains
the CfD for the foreseeable future appears to be the direction of travel for REMA, as the government has largely ruled out the
main alternative, a low-carbon obligation on suppliers (note that this is marked as orange in the figure above, reflecting the
government view that obligations on suppliers could complement evolved CfDs).

Similarly, whatever the theoretical advantages of moving to LN
wholesale market overall, a major change to market design that would need primary legislation. This would need to be part of

the legislative programme for the next government, hence not even entering the parliamentary process until after the general

election, expected in 2024, and then taking several years (assuming it is a high enough political priority for a new government to

command parliamentary time). LMP has become the most hotly contested aspect of REMAGS vehemently opposed by

developers and generators, the Scottish government, and others, but advocated enthusiastically by some commentators, and

prominently supported by National Grid ESO.50

“ https://ukerc.ac.uk/publications/beis-rema/

46 https://ukerc.ac.uk/publications/beis-call-for-evidence-enabling-a-high-renewable-net-zero-electricity-system/.

47 https://www.gov.uk/government/publications/energy-white-paper-powering-our-net-zero-
future#:~:text=The%20energy%20white%20paper%20builds,net%2Dzero%20emissions%20by%202050.

“8 https://ukerc.ac.uk/publications/zero-carbon-electricity/.

9 https://ukerc.ac.uk/publications/can-renewables-help-keep-bills-down/.

%0 hitps://www.scottishrenewables.com/assets/000/002/442/SR_response_call_for_input_on_LMP__FINAL_original.pdf?1655998834;
https://www.gov.scot/publications/onshore-wind-policy-statement-2022/pages/9/; https://www.nationalgrideso.com/news/new-eso-report-finds-
electricity-market-reform-critical-delivery-future-system-affordable.
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Apart from the time it would take to implement and political opposition, the main arguments against LMP centre on the
prospective impact on generation investment risk. This is because for any prospective future generator, location-specific prices
would be contingent on progress with network upgrades, whether other developers build schemes in the same location, and
whether new demands/sources of flexibility also locate in the same part of the network. All these factors are outside the control
of individual investors and therefore introduce uncertainty. This translates into additional risk, increasing cost of capital and
hence directly increasing generation costs and consumer bills. It is possible that CfDs could be used to insulate generators from
some of these risks, but that would at least partially negate the benefits of moving to LMP. Developers would also be subject to
increased volume risk, because if central despatch is used to manage constraints prior to gate closure, the likelihood of being
constrained off increases.

A detailed discussion of the pros and cons of LMP has been provided by colleagues at the University of Strathclyde, who point
out many of the pitfalls associated with moving to central dispatch and caution against the overly simplistic idea that it
represents 6the answer 6 t & Amalysissbgdanergy conseltavsoAfrykhasalsompsirited aui that whilst
a single buyer could help manage locational constraints, it is less able to accommodate dispatch of flexible resources.52 Given
the political sensitivities, complexities, and limitations associated with LMP, the uncategorical advocacy of National Grid ESO is
difficult to understand. Whilst it may make sense for National Grid as a private actor responsible for network operation and still
part of a group that appears unable to build network capacity quickly enough, the ESO is to transition to a non-profit Future
System Operator with wide-ranging strategic responsibilities.5 It is to be hoped that these responsibilities will require the Future
System Operator to take a more transparent and even-handed approach in future.

A thorough discussion of LMP is beyond the scope of this paper. However, since it simply cannot be introduced quickly, it would
appear pragmatic to be explicit that it is off the table for at least the duration of this decade and move on to consider alternative
options for constraint management (not least overcoming barriers to the network upgrades that are fundamental to the energy
transition).

Market design and the role of government in the energy transition

The alternative to an incrementalist approach is simple enough. It would be to accept that an investment hiatus is inevitable and
give up on the aspiration to decarbonize electricity by 2035, and on political commitments such as the 50 GW target for offshore
wind. Such an approach would give getting the fundamentals of market redesign right a higher priority than trying to meet the
6th Carbon Budget, creating jobs in offshore wind, or accelerating the transition away from reliance on expensive foreign gas
described in the British Energy Security Strategy.

Back in 2010 Oxford Institute for Energy Studies fellows Phil Wright and lan Rutledge published a book titled UK Energy Policy
and the End of Market Fundamentalism.5* This turned out to be highly prescient of forthcoming changes to the UK electricity
market, given the much more directed approach to security of supply and low-carbon energy ushered in through the 2013
Energy Act®®*Yet within the smal./l community that debates the details
appears to hold some currency. For some academic economists, and some non-academic advocates, the debate still seems to
focus on the desirability of a Platonically idealized, energy-only, nodal-priced market. It is surprising how deeply engrained this
view is amongst energy market economists, including those inside government and associated agencies. The view of some still
seems to be that if only we could get the prices right, remove distortions, and avoid the desires of governments to pick winners,
an optimized market-based solution would emerge. Politically, this does not appear to be a particularly plausible approach to an
energy crisis in which every household in the country is having their energy bills subsidized by the state. It also appears to
hugely overstate the capacity of private-sector actors to navigate a transition in which all the moving parts of the energy system
are changing at once.

51 https://www.strath.ac.uk/whystrathclyde/news/2023/researchersadvisecautiononrushingtoadoptlocationalmarginalpricingofelectricity/.
52 https://afry.com/sites/default/files/2022-10/afry _review of market design_in_gb - summary report_final v200.pdf.

53 https://www.gov.uk/government/publications/energy-security-bill-factsheets/energy-security-bill-factsheet-future-system-operator.
 Rutledge, 1., Wright, P., and Boardman, B., Oxford Institute for Energy Studies (2010), UK Energy Policy and the End of Market
Fundamentalism. Oxford: Oxford University Press.

55 https://www.legislation.gov.uk/ukpga/2013/32/contents/enacted.
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Given the electoral timeline in the UK, any significant decisions about market reform will be made by the next government. In
the meantime, the imperative for the REMA process should be to limit the damage to investor confidence that is already being
done. The battle lines in REMA are becoming deeply entrenched, particularly over LMP. It must not become a technocratic
argument far removed from the debate about household bills, energy independence, and green jobs that cannot possibly deliver
realistic options for change until the middle of the next Parliament. There is no high-l e v e | political dr i
debates. Politicians are rightly focused on shorter-term concerns. The clearest signal REMA can send this side of the election is
that all of the fundamental (or fundamentalist) market reforms are off the agenda for at least a decade. It should focus instead
on low-regrets, cost-minimizing, problem-solving actions within the current regulatory environment that can be taken now.

CONTRACTING FOR RENEWABLE ENERGY: RETURN OF THE SINGLE BUYER?

Richard Green

Most low-carbon generators have a very stable cost structure; the events of the last 18 months make it clear that gas-fired
generators do not. A market design that is well suited for one type, therefore, may produce revenues that alternate between
inadequate and excessive for the other. British Energy,
of low electricity prices in the early 2000s, while many politicians have recently suggested that wind and solar generators are

ma ki

ng too much money from power prices driven up by the

There are three broad models for organizing the electricity industry. Traditionally, much of the industry was vertically integrated
(at least between most of the generation and transmission in each area) and regulated or publicly owned. From the 1990s
onwards (with Chile pioneering part of the model a decade earlier), wholesale markets were established in some countries and
US states, with competition between generators intended to keep prices at the right level. The key point is that prices are set
every day, responding to the balance between supply and demand, although many transactions have been hedged in advance
with physical or financial contracts. A third possibility is the single buyer model, where the operation and revenues of
independent generators are determined by the terms of theirlong-t er m contracts. The si nfathe
mar ket 8, whil e there neeidtewhadesdieanarket foréhat model & warloeffgotvelyi t i o n

ver be

t he UK

high

buyer

When EU-wide restructuring was first mandated, a version of the single buyer model was allowed, but with features that made it
effectively equivalent to wholesale competition, and it was not adopted anywhere. Similarly, those US states that have
liberalized their electric utilities have also followed the wholesale competition model (without necessarily allowing the retail
consumers choice, which is also required in most EU countries). It has been widely adopted elsewhere, as a way to introduce
private investment into what is often a mainly state-owned industry.

Support for renewables

While there may be hundreds of different mechanisms supporting renewable generators around the world, we could perhaps
group themintof our ¢l asses in terms of their effect on the gene

1.

The feed-in tariff offers a fixed price to all eligible generators; if this price is too attractive, it may have to be cut or the
number of generators allowed to sign up may need to be limited to control the cost of the scheme. Retrospective price
cuts for existing generators should be avoided, although sudden reductions may feel almost as bad for the owners of
projects under development.

Whi | e a g e nlkdVhevteouestisoulgpbe fixed (or follow a predictable formula) under a feed-in tariff, a feed-in
premium combines a smaller fixed element with the market price. The Federal Production Tax Credit offered to
renewable generators in the US is effectively a feed-in premium scheme. The premium element is (or should be)
predictable, the market price less so.

A third group of schemes combines two revenue streams that are, at least in principle, market based. The canonical
example is the tradable green certificate, where the supply of certificates from generators relative to the number that
must be surrendered (typically by retailers) determines their price. That might be capped by the possibility of paying a
buy-out charge or given a floor if the government (or its agent) commits to buying surplus certificates.

rator
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4. Finally, auction schemes promise fixed prices at a level determined by competition between would-be generators.

These could be Iinked to physical cont r a-soldorthe Auetiorecouldlset g e n ¢

the strike price in a contract for differences (CfD). The generator still has to sell its output in the market (or via another
contract), but also receives or pays back the difference between the strike price and a reference price, some measure
of the market price. This should have t he eettofamybasisrsk f
between the reference price and the amount actually received for its sales. Note that if there are limits on the amount
that can be paid (in either direction) via the CfD, the scheme may end up as a fixed premium over (or under!) the
market price.

Auctions and feed-in tariffs offer the greatest degree of revenue protection, followed by fixed-premium schemes, with market-
determined premiums creating the greatest uncertainty over future revenues. Given that the return on capital is a large
component of the average cost of nuclear, wind, and solar power, there are significant benefits to minimizing that cost. In March
2023, the European Commission proposed that all future support to renewable generators should be based on CfDs, and that if
their strike prices are below the market price of electricity, the surplus should be returned to consumers. This is a mechanism
that should reduce price risk on both sides of the market. However, auction schemes differ from the other support mechanisms
in that the policymaker (or their representative) needs to make an explicit decision on how much capacity to buy. This goes
against one of the main motives for electricity liberalization.

Why did we liberalize?

It is wise to be suspicious of any single-cause explanation of a policy choice, and the motives for liberalization will have varied
bet ween countries, time periods, and proponents. Nonethel

Electricity Generating Board was its poor record on investment, ordering too much capacity and building it too slowly (and hence

expensively). The argument for privatization and liberalization is that a state-owned monopoly is under little pressure to control
its costs, whereas the managers of a private company in a competitive market should know that they can only satisfy their
shareholders if they make the right decisions.

Experience has proved this view slightly simplisticd many capital-intensive industries suffer from periods of over-capacity
following an over-enthusiastic herd response to high prices, and companies with market power face weaker incentives to
operate efficiently. Nonetheless, free entry and the f apect
of valuable innovation. In the late 1980s, the Central Electricity Generating Board was planning to build a series of large coal-
fired power stations; an entrant chose to develop a combined-cycle gas turbine instead, and the rest of the industry rapidly
followed suit. In energy retailing, the entrant retailer Octopus has developed a software platform, Kraken, that is also used by
several other companies (in the UK and abroad) to serve over 25 million customers.

Some European countries have held auctions for offshore wind in which the project has already been specified. Environmental
and grid connection studies can be carried out before the auction, reducing risk to the developer and allowing a shorter period
between the auction and the start of construction. In contrast, the UK auctions of the 1990s were for developer-proposed
schemes which could be put forward at such an early stage that many of the winners subsequently failed to obtain planning
permission to build their schemes. There is a trade-off between increasing competition in an auction by making it easy to enter
and ensuring that enough preparation has been done to ensure that the competing projects can actually be built, and those UK
auctions got this trade-off wrong. However, while the auction can be designed to allow some flexibility in what gets proposed,
someone still must decide how much capacity to auction, and of what type. The amounts may only be finalized once the bids
are in, but they must still be decided.

The issue is wider than the choice of which renewable generators to support. Several European countries, and some of the US
markets, have auction-based capacity markets to ensure that sufficient capacity is available at peak times. The intra-annual
variation in wind and solar load factors means that backup generation or electricity storage will be needed to ensure demand is
met (unless it becomes very flexible). Theirinterrannual variation is |ikely to imply
short-term market prices are volatile, raising their cost of capital unless other revenue streams, such as from capacity markets,
are available. Those capacity markets could also have a CfD-style approach, returning revenue in years when market prices

Xi ng

ess,

t hat

t hat

would have been more than sufficient (the so-called reliabili t y opti ons design). The European Cc

includes recommendations for member states to support electricity storage, including through auctions. This raises the prospect
that almost every large scheme helping to meet electricity demand has entered the market through some kind of auction.
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Could contracts be decentralized?

When the UK&és CfD scheme was designed, mar ket participants anc
counterparty with an explicit government guarantee. Given that renewable generation costs were higher, and electricity prices

lower, than today, generators expected to receive money from the contracts. The fact that all electricity retailers were required to

collect this money and pass it on to the counterparty was not sufficiently reassuring, and a state-owned company was duly

established to give the greatest possible security. In part, this may have been due to the unfamiliar nature of the CfD scheme,

so could a more decentralized approach work now that it is well established?

Could the combination of retail competition and decentralized contracting be a problem? Around 20 UK energy retailers have

gone bankrupt in 2021-2 because they failed to hedge their wholesale purchases well enough. Long-term wholesale hedges can

be unattractive for a company in a sufficiently competitive retail market if retailers are forced to follow short-term reductions in

wholesale prices or lose customers to unhedged competitors. Against a static background, this might not be a problem if all

retailers were required to have similar contracts in place, but if renewable costs continue to fall, retailers with a portfolio of older
schemes could find themselves O6out of the moneyd. Smalles retse
unless some collective arrangement was available.

It is worth looking across the Atlantic. While federal tax credits support renewable generation in the US, many states also have
renewables portfolio standards or mandates, with retailers required to procure a proportion of their sales from qualifying
generators. These are decentralized schemes, with the retailers often showing compliance by surrendering a certificate for each
MWh of renewable output. This approaches the tradable green certificate schemes discussed above. While those give the
generator the market price plus a variable premium set in a separate market, it is also possible (with either tradable certificates
or a portfolio standard) for retailer and generator to sign a long-term, fixed-price contract to cover both the electricity output and
the renewable certificates. That contract would have similar economic effects to the CfDs favoured by the European
Commission and in the UK.

Not every US state leaves the contracting to its retailers. Rhode Island requires distribution companies to contract with

renewabl e generators and sell the certificates to retailers, v
Research and Development Agency, but these seem to be exceptions. Some of these retailer counterparties are monopolies,

but others operate in competitive markets. Some are part of larger groups (including the incumbent investor-owned utilities with

a substantial asset base of generation, transmission, and distribution), but they need not be. Is the additional revenue from the
fixed-premium federal production tax credit the factor that makes the overall policy financeable? How does the cost of capital for

renewable generators compare with levels on the other side of the Atlantic?

This Forum exists to spark debate on energy issues. People who want a competitive solution to the future of the European
electricity industry could perhaps explore the US approach and ask how it could be modified for European conditions. Others
will be comfortable with the idea of a single buyer following its vision of an efficient low-carbon electricity industry and using
auctions to minimize procurement costs.

THE CENTRAL TRADER MODEL: A SOLUTION TO STRENGTHEN THE LOW-CARBON
TRANSITION AND TO PROTECT CONSUMERS IN THE EUROPEAN UNION

Dominique Finon

The long-lasting crisis in electricity markets calls for a debate on the real effects of competition in the European Union& ( EU 0 s )
electricity market, whose design is based on hourly wholesale markets. This arrangement presents a triple drawback: first,

giving prices aligned with the fuel cost of marginal producers, which never reflect the complete cost of any generation

technologies; second, causing price volatility, which makes long-term anticipation of the net present value of an investment an
impossible challenge; and third, exposing suppliers and consumers to episodes of very high prices due to the volatility of fossil

gas prices. It removes any role for market prices as long-term signals for investment in production, as proven by the experience

of the last 15 years in Europe, where very few investments in non-RES (non-renewable energy sources) techniques have been
made through the market.
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It follows that this market model is unable to fulfil the promise of lowering power prices by competition pressure. It is not able to
create incentives to make suppliers hedge their risks, which could help to protect their customers. It is also deficient in facing the
long-term challenges of security of supply as well as of decarbonization. The price signal sent by this hourly market is ineffective
for investing in equipment lasting 30, 60, or 100 years, as is the case for low-carbon equipment (RES, nuclear, combined cycle
gas turbine with carbon capture, hydraulic, and now storage). It is also inefficient for triggering investment in peaking units,
which could not recover their investment cost by relying on scarcity rent during uncertain price spikes, as well as investment in
flexibility sources relying on arbitrage revenues.

The present market design has already been modified in the EU to meet these two objectives, but only partially, as this was in
conflict with the Commission& market formalism in the matter of competition and state aids limitation. If standardized long-term
schemes that guarantee revenuesd feed-in tariffs, premiums, and contracts for differences (CfDs)d have been allowed for
variable RES (VRE) equipment, but not for other low-carbon techniques, it is because of the strong political preference they
enjoy, which ignores all rationality.

The problem remains entirely open for the rest of the power mix: renewal of dispatchable equipment for security of supply, non-
RES low-carbon techniques (nuclear, gas with carbon capture and sequestration), flexibility sources (storage, etc.) and network
developmentd all areas whose importance grows with large-scale deployment of VRE developed out of the market. In other
words, the previous arrangements are not sufficient to move towards secured and decarbonized systems with large share of
VREs, which require the generalization of de-risking arrangements to every technique and coherent development by planning.

Another way of organizing the market could pursue three objectives:
1. sharing the risks of investing in new equipment through revenue guarantee contracts,

2. hedging market risks for suppliers in order to ensure consumer protection with quite stable retail prices aligned with
long-term costs,

3. maintaining hourly markets to ensure short-term coordination inside the system and between systems, for which they
are remarkably efficient.

Proposed by France and Spain for reforming the EU electricity market design, the model of long-term central trader, based on
the generalization of hedging contracts with low-carbon equipment, meets these objectives. It has inspired the new project of
regulation on electricity markets which has been proposed on March 2023 by the Commission.

In the following, the main characteristics of this model are presented, which allow the first two objectives to be met in a more or
less effective way. In a second step, we present a possible improvement (which is not included in the French and Spanish
proposals) that would allow to achieve the objective of consumer protection more reliably by helping the stability of selling
prices. For this purpose, the model could be usefully completed by the assignment of another function of intermediation to the
central trader, to purchase on the spot market every low-carbon MWh related to CfD contractors, and to resell them to
suppliers.®® Indeed, this makes it possible to guarantee that low-carbon MWh are sold to suppliers (and then to consumers) at
prices aligned with the weighted average long-term cost of the low-carbon system.

Generalizing hedging contracts for all new equipment

The first character is the establishment of long-term financial contracts (with maturity of 15 to 30 years) between developers of
new low-carbon equipment for market risk coverage and a public commercial entity. This one should be created in order to
commit in CfDs with each new low-carbon generator that wishes to hedge its risks by contracting with a credible public authority
(see below). The latter disburses or receives the difference between the hourly market price and the contracté reference price
(strike price), depending on whether the former is below or above the latter. This type of contract leads to a stable revenue
stream, which fits quite well with the cost structure of low-carbon equipment with low or zero variable costs.

For new large equipment in capital-intensive technologies with long lead times, such as nuclear and carbon capture &
sequestration, CfDs will be established by negotiation. For new RES equipment (wind power, photovoltaic solar, refurbished

% See Finon, D., and E. Beeker, E. (December 2022), The Long Term Central Buyer Model, CEEM policy paper. Chair on European Electricity
Markets (CEEM), Paris Dauphine University
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hydro), long-term contracts will be made by auctions, which will be opened regularly and select contractors on the price they
request. They will be specialized by types of renewable sources, given the differences in loads and services they procure. In
order to incentivize entry through the auction scheme, the government should commit to auction for capacities aligned with their
RES objectives, through a pre-established calendar.

Figure 1: The central trader model: financial flows on differences
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In order to be in conformity with the EU market rules, CfDs should not be mandatory for low-carbon developers. For entrants,
participation in the RES auctions is voluntary. Indeed developers choose between a CfD scheme and entering into a power
purchase agreement (PPA) at a fixed price with private counterparts. That said, apart from the motive of distrust vis-a-vis any
state interventions, it is difficult to find an advantage in hedging long-term risks by a PPA for either a VRE developer or a large
buyer. On the side of the RES producer, there is the risk of his counterpart, an industrial consumer, defaulting on the contract in
case of bankruptcy or delocalization. On the side of this counterpart (which is assumed to be interested in purchasing green
electricity at a stable price over the long term), it faces the challenge of being exposed to both price risk and volume risk for the
additional sourcing it needs for its complementary supply. The high transaction costs of the hedging solutions can be
demotivating.

Capacity contracts with flexibility and backup resources

Development of flexibility resources (such as fast-ramping gas turbines, battery systems, pumped storage, and hydro lakes
refurbishment) which require high capital expenditure is facing too high uncertainties about their likely income. Their operations,
and so their revenues on energy and ancillary services markets, are conditioned by the variability of the supplyi demand
equilibria coming from the generation side (with VRE productions) and the demand side (winter or summer peaks). No
equipment can be made profitable on the basis of its revenues on balancing and ancillary services markets and on the energy
market by various intertemporal arbitrages. These revenues are so volatile, and so uncertain over the long recovery period, that
it is necessary to hedge investments through specific long-term contracts of capacity remuneration with incentives to availability.

This hedging could be assumed by the implementation of a capacity remuneration mechanism based on auctioned forward
capacity contracts. With auctioning organized by technologies, competition for the contracts will drive down the prices to the
produceré fixed costs (annuity covering the capital cost), and fixed operating costs. Each flexibility source will recover its fuel
costs through revenues on the spot market.

Hedging main market risks for suppliers

In a system with dominating low-carbon generation, the public entity which contracts CfDs with producers is also able to hedge
price risks for suppliers for the major part of their sourcing. This is possible as soon as the CfD system is extended to all existing
low-carbon plants (as the French and Spanish governments have proposed in their statements on electricity market reforms).
Indeed, it makes it possible to recover infra-marginal rents from each low-carbon plant in times of gas price spikes, and transfer
them to consumers. (A corollary benefit would be to bring the remuneration of existing assets into line with that of new assets.)
The CfDs with existing assets will be shorter term (from one to eight years for those with refurbishment). They could be awarded
by auction, unless the government prefers to regulate each strike price at a level that covers the depreciation annuity and
operating costs. (The auction could be a pay-as-bid auction to avoid undue rents.)
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Hedging suppliersérisks in order to protect consumers is justified by the lack of incentives for suppliers to hedge their own risks.
But this does not mean that all their risks will be hedged. A minor part of their wholesale procurement on the spot market
corresponds to the MWh produced by the complementary system to the VRE system for flexibility and backup. Consequently,
as they are not hedged against price risks for the corresponding quantity, suppliers will transfer these risks to their customers by
their price and services offers. They will be encouraged to diversify their offers away from guaranteed prices over several
months. This could be done with dynamic pricing, as well as with modulated offers with some load shaving during short price
spikes. Thus consumers will adapt their behaviour in periods of high spot prices

Finally, these two-way transfers between low-carbon producers and suppliers, which allow mutual risks hedging, provide rather
stable retail prices which reflect the average costs of low-carbon plants covered by CfDs, that is, the long-term cost of the low-
carbon mix.

To guarantee produceri consumer transfers

To manage long-term contracts and their price differences with spot prices, a government should set up a public company to
manage the two-way financial transfers between consumers (represented by suppliers) and low-carbon power producers
committed in CfDs. The referential model of such a company is the Low Carbon Contracts Company established in the UK for
this purpose.

The aim is to give credibility to public cont roproducerswhenspof mmet r i

prices are below strike prices, and conversely to reallocate infra-marginal rents to suppliers and consumers during episodes of
gas price spikes (rather than to keep these rents for the public budget). In the first situation, compensations to producers are
financed by suppliers who pay a flexible tax calculated by the company from the balance of differences over a certain time-
frame (week, month, or quarter) between the strike price and spot price for each CfD. Conversely, when the wholesale price is
higher than the strike price, repayments from producers to suppliers are established by the public company in each time frame
in proportion to their market share.

Memberst at es 6 c othmetr lorogtterm eheices

Member states that adopt this central trader model aim in fact to lead their own electricity and energy policy, providing that their
decarbonization commitment to the EU is respected. The choice of power mix is a matter of national sovereignty allowed under
Article 194-2 of the TFUE (Treaty on the Functioning of the European Union). The overall coherence of the system will be set by
a public planning body endowed with important competences in modelling complex systems for developing an optimization
approach to investment decisions. It will be responsible for the programming of the generation mix, including flexibility sources
and grid development at different scales (national, regional, and local) in order to establish the calendar of successive auctions
for RES development and others.

The long-term plan will be defined according to the energy policy objectives set by the government in the light of (supposedly)
impartial advice from the planning body legitimated by its modelling capability. It will develop a sliding program for the
development (and closure) of production capacities. This approach is radically different from the present EU political practice of
piling up targets (such as RES share and energy efficiency) based on political criteria, without any economic rationality, thanks
to CO2 emissions reduction goals.

This central trader model has a good chance of becoming an option for member states to choose in the next regulation (or
directive), even if Germany is opposed to this change. The Commission has recognized that this model would be compatible
with European rules and so easily implementable, while it considersit@ sust ai nabl e solution f-or
mar gi nal o0 p theldwcarbon prod(cers) and reallocating them to consumers, via transfer to suppliers for
compensation¢®’

From the central trader to the central buyer

In the central trader model, the two-way transfer between low-carbon producers and suppliers is supposed to provide rather
stable retail prices that would reflect the long-term cost of the low-carbon mix. But in fact there is no guarantee that, once
suppliers receive their compensations during high-price episodes, they will adjust their price offers to their different types of

EU Commi ssppaperdNpolicy options to mitigate the impact of natural
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customers accordingly, because imperfect competition does not provide incentive to do it. In any case, there is no incentive for
them to adjust their price offers on an equivalent basis between different consumers. So it is interesting to consider another
model in which alignment of retail prices with long-term costs of low-carbon production would be much more accurate.

In the central buyer model, the public company also has an intermediation function. It is assigned to purchase each hour on the
spot market the quantity of MWh corresponding to the total low-carbon production covered by the CfDs, to the extent technically
possible. This position allows it to resell these MWh to the suppliers by correcting each hourly price by the differences between
spot prices and the strike price of each CfD for which it is the counterpart of a low-carbon producer. This allows the company to
define resale prices to suppliers by alignment with the weighted average cost of low-carbon production by nuclear and VRE
each hour. Having in hand the long-term cost of each low-carbon producer, the public company is in a position to hedge market

risks forsuppliersé sourcing in a more effective way than in the central

Figure 2: The central buyer model

Suppliers (as eventually very large consumers) could procure well-calibrated power blocks (base, mid-base, peak, etc.) from the
public company on an hourly basis and in forward contracts. These blocks could be sold with posted prices aligned with the
weighted average costs of the low-carbon mix. Their definition would have to be transparent along with pricing principles defined
by the regulator, in order to avoid market power exercise by the public company. A market alternative for their sourcing is
auctioning for the acquisition of different blocks (in open descending auctions, with a start price higher than the posted price). In
parallel, as said before, the suppliers have to complement their sourcing by purchases on the spot market. This is a more
flexible way of finding the benefits that market splitting proposals have sought.

To sum up, these two models present a solution to ease transition towards carbon neutrality, and to protect consumers from
extreme price volatility by coupling retail prices with long-term costs, while preserving short-term optimization of the system
through the spot market. The central buyer model offers more efficiency to reach the second objective. There is no real
incompatibility between this model and the European rules in matters of market and competition. That said, in the central buyer
model, the mandate to purchase the bulk of wholesale power which is given to the public company makes this model much
more difficult to accept by the EU defenders of the market at any price.
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