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Costs of CRMs in Europe
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1. ACER, 2022. ACER Security of EU electricity supply in 2021: Report on Member States approaches to assess and ensure adequacy
2. ACER, 2022. ACER Market Monitoring Report 2020 — Electricity Wholesale Market Volume
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Contracted DR resources in CRM in France

Remuneration (euros/

Tender for year Contracted volume (MW)
2018 733 24,000
2019 590 26,800
2020 770 24,400
2021 1,366 55,700
2022 1,982 59,600

ACER, 2022. ACER Security of EU electricity supply in 2021: Report on Member States approaches to assess
and ensure adequacy
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Evolution of demand resources’ income in PJM
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PJM, 2021. PJM State of the market — 2021. Technical report.
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* Electricity consumers must bear the costs of the CRM
* How do we assign the CRM costs?

e Consumers can also act as demand response, providing
adequacy
* How do we define demand response’s firm supply?

* If not defined correctly, these two elements could lead
to arbitrage opportunities
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Example with a CRM auction
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Example with a CRM auction

Supply side participation

A 4
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Example with a CRM auction

Demand side participation
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The Challenge

of Integrating
Demand Response
in Capacity
Remuneration
Mechanisms

CAPACITY REMUMERATION MECHANISMS (CRMS)
have become a pillar of the design of decarbonizing electric-
ity markets. By complementing the economic signals con-
wveyed by the energy market, they aim at enhancing resource
adequacy, particularly in the current context in which pawer
systems transition toward low-carbon technologies. CRMs
are also being mentioned as a key piece to preveat. in the
future, scenarios such as the energy crisis that started in
2021 in the Enropean Union.

Although CRMs have been frequently criticized and
identified as a tool for subsidizing conventional genera-
tion driven by fossil fuels, they have shown their potential
in fostering new technclogies and business models. Tnter-
national experiences have shown how demand response
(DR can competz with generation techaologies and play
a relevant role in capacity mechanisms. For instance,
demand resources covered 10% of the capacity market in
the Pennsylvania, New Jersey, and Maryland power system
(PIM). one of the largest interconnections in the United
States, in recent years. Figure 1 shows how dependent

demand-side response has been upon the
revenues coming from the capacity mar-
ket of this power system. DR participa-
tion in European CRMs is also growing,
but it accounts for only 3% of the demand
for firm capacity in the region.

Integrating demand resources in CRMs
is beneficial for the system since it reduces
overall costs and promotes resoumes whose
contributions in terms of fleaibility will be moch peeded in
future power systems. However, this participation adds a layer
of complexity to the design of capacity mechanisms, Two key
elements in the design of the CRM ar particulady relevant
‘when it comes to integrating DR 1) the way the demand to be
covered by the capecity mechanism is defined by the regula-
tor and 2) the methodology to allocate the costs of the CRM
among consumers who benefit from that coverage. There is
curreatly a gap in the academic litramre cn esource ade-
quacy and CRMs, which has often missed delving into these
two aspects.

By Pablo Rodilla, Paolo Mastropietroo,
and Paulo Brito-Pereira

Dipital Db Teneifier 40.1DMPE 323 260500
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missing markets problems (Newbery, 2016).

Capacity mechanisms should b designed arcund two ssential and

. G anthoe. Institun de
Fomual address: C3: axhis (. Batlle).

pscity Resources are de-rated in the realisation
that they are not necessarily available at full installed capacity in sit
ations of scarcity. A power plant with an installed capacity of 100 MW
and a 30% de-rating factor is qralified 1o trade a frm supply of anly 30
MW in the capacity mechanisn.”
Most adequacy assemments and de-rating methods used to calculate
firm supply were developed for power systems with resource mixes very
different and much simpler, stabler and more predictable than the ones
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* Firm supply should be determined
according to marginal contributions to the
reliability target
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* Firm supply should be determined
according to marginal contributions to the
reliability target

* The same methodology can be used also
for CRM cost allocation



* Define a methodology for CRM cost allocation

* Define a methodology to compute the firm supply of
demand resources

* Demonstrate that using the same methodology for both
items prevents arbitrage opportunities
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* To show how CRM costs should be allocated, and how
to determine demand response’s firm supply we have
used:

* A convolution model
* Expected Energy Non-Served as the reliability metric

comillas.edu
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* Statistical model to estimate the expected value of non-served energy
given a load-duration curve and the expected outages of generation assets

Dispatch of thermal units to serve demand

T T T T T T T
Demand
s EEN'S i
0.5 1 1.5 2 2.5

. 3 3.5 4
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e Generation mix:

*10 1-MW thermal power plants
°*0.9 EFOR
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* Cost allocation among consumers should be determined
according to the marginal contributions of each
consumer toward the reliability target

* We can compare the result of this calculation between
the consumers versus a standard consumption profile
(in our case 1 MWh each hour)

comillas.edu
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*Instead of analyzing each consumer profile separately,
we can analyze the impact of a marginal variation of
demand in each hour

* This will reflect how critical each hour is

* This information can then be used to determine cost
allocation among consumers

comillas.edu
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* Cost allocation is proportional to the marginal EENS in
each hour

* Cost allocation for each consumer is determined by
their hourly consumption and the weighted marginal
EENS

* We can compare the result of this calculation between
the consumers versus a standard consumption profile
(in our case 1 MWh each hour)
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* Spanish electricity demand of 2019

* Fully thermal electricity mix

* Calibrated to comply with the reliability target
* Normalized EENS < 0.002% (as in AEMO)

* Results analyzed using EENS as a reliability metric
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* Changing the reliability target will change the hourly
weights

* We can see the change in the weighted marginal EENS if
we vary the reliability target from 0.002% to 0.025%
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e The same method used to determine cost allocation
should be used to determine firm supply of demand
resources

* This leads to an equivalence of both methods of
participation of demand resources in CRMs
* Non-arbitrage principle
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1.8 — . . . . . Supply side participation results
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1.8 — . . . . . . Demand side participation results
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* Cost allocation must be proportional to the marginal impact of each
demand profile on the reliability metric
* The focus should not be exclusively on peak demand hours, but on all the hours (according
to the probability of suffering scarcity conditions)

* The same theoretical framework can be used to determine firm supply of
demand response resources

* Arbitrage opportunities of demand resources can be prevented if the same
methodology is used for cost allocation and firm supply calculation

* The proposed methodology can be also applied with more sophisticated
resource adequacy assessments (e.g., UC-based)
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