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Context and theoretical framework
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Capacity mechanisms in EU
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Increase of CRM costs

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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Costs of CRMs in Europe
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Increase of DR participation

Contracted DR resources in CRM in France

ACER, 2022. ACER Security of EU electricity supply in 2021: Report on Member States approaches to assess 
and ensure adequacy
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Increase of DR participation
Evolution of demand resources’ income in PJM

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?

•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

Duality of demand resources
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Two sides of the same coin

Demand for 
firm supply

Firm supply
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Example with a CRM auction
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Two sides of the same coin

Demand for 
firm supply

Firm supply Consumer bids 
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Example with a CRM auction
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Two sides of the same coin
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Example with a CRM auction
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• Firm supply should be determined 
according to marginal contributions to the 
reliability target

Firm supply in CRMs
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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 

Firm supply in CRMs
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•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

Objectives
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Methodology
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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

DR firm supply in CRMs
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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 

Convolution models
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CRM cost allocation

Illustrative example
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Hourly demand
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Hourly demand per consumer
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•Generation mix:
• 10 1-MW thermal power plants
•0.9 EFOR

Generation mix
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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)

Cost allocation



comillas.edu

Cost allocation: Results

Proportional 
cost

With normalized 
consumption

1.89 x10^-4 2.2732 x10^-4

2.0000 1.0909

1.9998 1.9998

3.6846 2.3271

0.1822 2.1860

0.6849 8.2189

Ratio of cost allocation
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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

Cost allocation: elaborated alternative
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Hourly marginal analysis
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Hourly marginal analysis
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Marginal EENS

Dividing each hourly value 
by the total marginal EENS 
we can assign a weight to 
each hour

9.1216x10-6 9.1x10-9
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Weighted marginal EENS
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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)

Cost allocation: elaborated alternative
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Cost allocation: Results

Proportional 
cost

With normalized 
consumption

1.89 x10^-4 2.2732 x10^-4

2.0000 1.0909

1.9998 1.9998

3.6846 2.3271

0.1822 2.1860

0.6849 8.2189

Ratio of cost allocation
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CRM cost allocation

Spanish case study
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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

Real-size case study
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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%

Weighted marginal EENS
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Weighted marginal EENS (0.002%)
Hours
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Weighted marginal EENS (0.025%)
Hours
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Cost allocation

Ratio of cost allocation 
(0.025%)

Consumer 1 0.0151

Consumer 2 3.2850

Ratio of cost allocation
(0.002%)

Consumer 1 0.0037

Consumer 2 3.5423
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Firm supply of demand resources
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•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

Cost allocation = DR firm supply
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Supply side participation 

Element analyzed Ratio of cost allocation

Initial consumption 1.0787

Demand response -0.3236

Final ratio of cost 
allocation

0.7551

Supply side participation results
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Demand side participation 

Element analyzed Ratio of cost allocation

Reduced consumption 0.7551

Demand side participation results
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Cost allocation = DR firm supply

Element analyzed Ratio of cost allocation

Initial consumption 1.0787

Consumption reduction -0.3236

Final ratio of cost 
allocation

0.7551

Element analyzed Ratio of cost allocation

Reduced consumption 0.7551

Supply side participation results

Demand side participation results
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Cost allocation = DR firm supply

Element analyzed Ratio of cost allocation

Initial consumption 1.0787

Consumption reduction -0.4787

Final ratio of cost 
allocation

0.6000

Element analyzed Ratio of cost allocation

Reduced consumption 0.6000

Supply side participation results

Demand side participation results



comillas.edu

Cost allocation = DR firm supply

Element analyzed Ratio of cost allocation

Initial consumption 1.0787

Consumption reduction -0.2000

Final ratio of cost 
allocation

0.8787

Element analyzed Ratio of cost allocation

Reduced consumption 0.8787

Supply side participation results

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)

Key findings
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• The research presented here has been elaborated in the framework of the 
research project Flexener, financed by the Centre for the Development of 
Industrial Technology (CDTI) of the Spanish Ministry of Science and 
Innovation, in the context of the call Misiones CDTI (grant MIG-20201002)
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