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Executive Summary 
The objective of this report is to review and assess the methodological options for applying 
the Economic Viability Assessment (EVA). In particular, the reviewed options should focus 
on reflecting a realistic approach to model market participants’ decisions for investment and 
retirement of capacity resources under market conditions, in line with the current scientific 
and practical standards and reflecting the ongoing discussions on the implementation of eco
nomic assessments in Resource Adequacy Assessments (RAA) across Europe.  
 
An important objective of the RAA is to inform political decision-makers whether it can be ex
pected that a given reliability standard will be met through market-based drivers or whether 
specific additional measures may be necessary, such as the introduction of capacity markets 
to incentivise maintaining the existing and developing new capacity.  
In this context, it is important that the capacity assumptions used in the RAA are consistent 
with the expected decisions of market participants regarding the investment, retirement, and 
mothballing decisions for the assets they operate. The additional step termed Economic Via
bility Assessment should ensure the economic plausibility of the capacities used in the Re
source Adequacy Assessment. An EVA shall provide an endogenous assessment of the 
economic decisions of operators of each capacity resource and target year to maintain, re
tire, mothball, extend or new-build capacities. 
 
Costs and revenues are used in a converging process to assess the economic viability of as
sets. Generally, the economic dispatch computation of the RAA serves as an input to the 
EVA to determine variable costs and revenues in the energy-only market (EOM), that is, the 
variable fuel and O&M costs and revenues associated with the operation in the wholesale 
markets and the markets for Ancillary Services (AS) and Balancing Mechanisms (BM). Next, 
the EOM perspective is extended with fixed costs and other revenues to determine if the de
cision to enter or to exit the capacity is economically viable and thus whether the capacity 
should be considered in the RAA. In total, the sources of revenues relevant for the EVA are 
the revenues from wholesale markets, from ancillary services and balancing markets, from 
capacity markets where they exist, from subsidies and lastly, from other sources. On the 
other side, the sources for costs relevant for the EVA are the costs for fuel and variable 
O&M, as well as for fixed O&M and, where applicable, the costs of (re-)investment. 
 
As part of this project, a series of workshops were held where the methodological options for 
an EVA were discussed with market participants and academic experts. In particular, a key 
topic discussed during the workshops with market participants in July 2021 was how eco
nomic viability is actually evaluated by investors and operators of various types of capacity.  
The workshop has revealed a number of specificities of the market participants’ decisions to 
enter or exit capacity in the market both in the current conditions and in anticipation of the 
EU-wide implementation of the market reforms within the Electricity regulation. In particular, 
this discussion has highlighted a striking difference in the drivers of the entry and exist deci
sions between the conventional thermal baseload plants and flexibility operators, such as 
peakload power plants, DSR and storage.   
 

- For conventional baseload plants, the decision to enter or exit is mostly driven by the 
wholesale market as the main source of revenue. Typically, market participants apply 
conservative approaches to assess the ancillary services revenues, but on the other 
hand, capacity mechanisms can be a key driver for market entries. Investment deci
sions consider a rather long timeframe and conventional baseload plants operators 
have a risk averse approach in assessing forward scenarios for the entry/exit deci
sions. 
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- Flexibility resources, such as peakload power plants, storage and DSR, stack reve
nues from as many markets as possible. Each MW and MWh needs to be sold to 
combine market revenues, such as from balancing markets or other ancillary ser
vices. Capacity mechanisms can be crucial as well. Today balancing markets are the 
most important source of their revenue, but at higher storage and DSR capacities 
these markets might become saturated, and the importance of wholesale market rev
enues could increase with more volatile market prices. Flexibility entry/exist decisions 
are very sensitive to regulation and specific market design parameters. One could 
expect that investors relying on such a more uncertain income would have higher 
hurdle rates than those of the more risk-adverse investors. However, as compared to 
conventional baseload capacity, DSR and storage can be mobilised at lower invest
ment cost and much faster. Hence, investors in such capacity have a different risk 
profile and are often more risk-seeking than risk-averse.  

 
As a second key topic in the workshops, the two distinct options to perform EVA were dis
cussed, which the ERAA-methodology as approved by ACER presents in Article 6 para 2: 

• Economic Viability Assessment of individual capacity resources (individual 
EVA approach). The first option is to assess the economic viability of individual as
sets in the literal sense by performing an explicit assessment of revenues and costs 
by asset. In this case the revenues of the capacity resources are directly assessed 
and stacked across the revenues from the wholesale market, ancillary services, reve
nues from outside of the electricity sector and subsidies, and, where applicable, the 
revenues from capacity mechanisms. The entry, exit and mothballing decisions are 
then assessed for each capacity resource based on the estimated revenues and 
costs and accounting for the risk. 
 

• Economic Viability Assessment through overall system cost minimisation 
(cost minimisation EVA approach). The second option is to take a system instead 
of asset perspective, where the EVA will be implemented based on a minimisation of 
total system costs. In this case, the entry and exit decisions are assessed simultane
ously for all capacity resources, all bidding zones and account for substitutional ef
fects between capacity resources and bidding zones, by minimising the discounted 
costs of investment and operation of the entire power system. 

 
The differences of the two approaches result in different strengths and weaknesses when 
they are introduced in practice. In principle, the two approaches would likely be able to yield 
the same result when using the same inputs, if unlimited computational capacity was availa
ble. The relative strengths and weaknesses of the two approaches only manifest because 
they tend to allocate the available computational capacity to different elements of the EVA: 

- The individual EVA focuses explicitly on an accurate estimation of the individual 
costs and revenues, making sure the economic dispatch model used for the price es
timation properly accounts for the generation constraints and calibrating the results 
on the historical market and price outcomes. However, the complexity on the invest
ment element of the model may require simplifications regarding interdependencies 
between resource types, markets and regions. 

- The cost minimisation approach, in turn, allows for considering all interactions and 
combinations of entering and exiting capacity types across all bidding zones consid
ered in the assessment. However, it may require simplifications e.g. of the chronol
ogy and intertemporal unit commitment constraints.  

 
A combination of the two approaches could provide a potential solution to the computational 
limitations of each of the approaches, as was suggested by the academic workshop 
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participants. In particular, the capacity equilibrium resulting from the cost minimisation EVA 
could be used as a starting point for the viability assessment of the EVA of capacity re
sources. 
 
Another important element of an EVA is the consistency between the EVA and RAA that 
needs to be achieved on the adequacy indicators. That is, despite being focused on the sim
ulation of market participants’ investment and retirement decisions, the EVA also provides 
an estimate of the loss of load expectation (LOLE), i.e., situations where supply is insufficient 
to meet demand albeit relying on a simplified modelling approach as compared to the RAA. 
Nevertheless, the outcomes of the EVA in terms of the LOLE need to be broadly consistent 
with those of the RAA.  
The overall objective of the EVA is to ensure that the RAA assesses the potential forward 
adequacy development of the system based on the economically driven assumptions of pos
sible expected capacity in the future. Since the purpose of the RAA is to inform about 
whether the system in the medium term of 10 years can reach its economically optimal Reli
ability Standard or whether it would need interventions (e.g. capacity mechanisms), it is im
portant that the chosen EVA approach reflects the actual and future market conditions in an 
appropriate way.  
 
It has to be noted, that the results of any EVA will have its limits, especially regarding the 
consideration of rare and/or unpredictable risks. The extreme situation in the energy markets 
that has been developing in Europe in 2022 driven by the Russian invasion in Ukraine is a 
good example for such risks that are difficult to predict but that may nevertheless have a sig
nificant impact on the EVA and the RAA. We refer the readers to the report under WP5 Ex
treme Events (as well as WP4 Climate Change) of the present project for more information 
on the accounting for extreme events and climate change in the RAA. 
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1. Introduction 
 
This report presents an evaluation of approaches for Economic Viability Assessments (EVA) 
of power plants, storage facilities and flexibilities in the framework of resource adequacy as
sessments.  
Until recently, Resource Adequacy Assessments (RAA) were largely based on exogenous 
assumptions for the future evolution of installed generation capacities and other available 
flexibility resources. This made the results of RAA very sensitive to the exogenous mix as
sumptions and scenarios and to the extent to which these mix scenarios are economically 
viable or represent under- or over-capacity assumptions. 
An ideal EVA methodology should allow to endogenously estimate a realistic evolution of the 
generation and demand-side capacity mix driven by the combination of market, regulatory 
and policy frameworks (e.g. design of the spot and balancing markets, design of the ancillary 
services and the presence of capacity mechanisms, policies and regulation supporting RES 
and/or driving the phase-out of technologies, e.g. coal and nuclear). Such dynamic modelling 
of the mix provides an invaluable input to the RAA. 
The objective of this report is to review and assess the methodological options for applying 
the EVA. In particular, the reviewed options should focus on reflecting a realistic approach to 
model market participants’ decisions for investment and retirement of capacity resources un
der market conditions, in line with the current scientific and practical standards and reflecting 
the ongoing discussions on the implementation of economic assessments in RAA across Eu
rope.  
An important part of this project was a series of workshops on the methodologies of the EVA 
with industry and academic experts held in 2021 and 2022. The outcomes of the workshops 
contributed to the findings of this report. 
 
It has to be noted, however, that the results of any EVA will have its limits, especially regard
ing the consideration of rare and/or unpredictable risks. The extreme situation in the energy 
markets that has been developing in Europe in 2022 driven by the Russian invasion in 
Ukraine is a good example for such risks that are difficult to predict but that may neverthe
less have a significant impact on the EVA and the RAA. We refer the readers to the report 
under WP5 Extreme Events (as well as WP4 Climate Change) of the present project for 
more information on the accounting for extreme events and climate change in the RAA. 
 
 
The report is structured as follows: 

• First, we provide a theoretical background of the Economic Viability Assessment ap
proaches and the main options. 

• Second, we present practical implementation details of the Economic Viability As
sessment options.    

• Finally, we conclude with a summary of the main challenges and options when imple
menting Economic Viability Assessment in practice.  
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2. Theoretical background for EVA 
In the following subsections we will first comprehensively introduce the role of the EVA within 
the RAA and its methodology according to the current ENTSO-E methodology for the ERAA 
as approved by ACER. We will then provide an overview of the economic background for the 
EVA by discussing the economic drivers for market entry, exit and mothballing. This subsec
tion is followed by an in-depth discussion of the two different options the ENTSO-E method
ology offers to perform the EVA. The last subsection concludes this chapter. 

2.1 Role of the EVA within the RAA 

European power markets are undergoing major changes and increasing shares of fluctuating 
generation from wind and solar not only impact the demand for technologies providing re-
source adequacy, but equally alter the market conditions these technologies are subjected 
to. Declining wholesale prices triggered by renewable generation with low or zero marginal 
costs, also referred to as the merit-order effect, put pressure on the profitability of conven
tional thermal plants and challenge their model to recover capital costs in energy-only mar
kets. At the same time, new options to guarantee resource adequacy, such as demand-side 
response (including new technologies such as electrolysers or heat pumps) or storage, with 
more complex business models arise that must be included into adequacy assessments. 
Furthermore, the constraints on the transmission network infrastructure between the bidding 
zones make these changes non-uniform across Europe and induce differences in the ade
quacy situations between the bidding zones.     
The evolution of the electricity system may create uncertainties, especially political ones, in
hibiting investment signals to reach the theoretically optimal level of system adequacy (Reli
ability Standard). The RAA accompanied by the EVA intends to assess the expected level of 
investment and retirement and the resulting level of adequacy.    
Below we discuss the role of the EVA in the context of the Reliability Standard and Resource 
Adequacy Assessment and formulate the criteria for the EVA.   
 

2.1.1 Reliability Standard  
The recent Electricity Regulation 2019/943 requires the Member States to set the theoretical 
economically optimal Reliability Standard in terms of a Loss of Load Expectation (LOLE) tar
get. The theoretical optimal level of security of supply is determined by the point at which the 
incremental cost of capacity insuring customers against demand curtailment is equal to the 
incremental benefit to customers of avoiding load curtailment. Therefore, the Reliability 
Standard reflects a simplified economic optimisation between the marginal cost of a new ca
pacity resource, given by the annualised investment cost or the Cost of New Entry (CONE), 
and the marginal cost reduction of Expected Energy Non-Served (EENS), given by the prod
uct of the expected average number of the loss of load hours (LOLE) and the estimated 
Value of the Loss of Load (VOLL). The Reliability Standard defined as the LOLE target will 
then be set as a ratio between the CONE and VOLL (Figure 1). 
A detailed methodology for setting the Reliability Standard, as well as the estimation of the 
Value of Loss of Load and the Cost of New Entry was developed by ENTSO-E and approved 
by ACER in 2020 (ACER, 2020). 
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Figure 1: Economic equilibrium determining the Reliability Standard 

 
Source: Own display 
 

2.1.2 Possible reasons for deviations from the Reliability Standard 
Under a number of simplifying assumptions, the theoretical economically optimal Reliability 
Standard determined by the LOLE target based on the values of VOLL and CONE would be 
naturally achieved. In an isolated market and in a long-term market equilibrium, a rational in
vestor would build the peaking technology as long as its expected margin determined by the 
market price reaching VOLL during the scarcity periods of LOLE exceeds the investment 
cost of CONE.  
However, in the real world, as well as in realistic electricity market modelling assessments, 
accounting for the interconnected bidding zones1 and possible market imperfections the ca
pacity entry/exit may deviate from the theoretically optimal level of capacity resulting in the 
system states deviating from the RS.  
While interconnected bidding zones are a central element of the European IEM, possible 
market imperfections may be considered when conducting a RAA. According to Article 20 of 
Regulation 2019/943 on the elements of implementation plans for market reforms, those 
market imperfections may include:  

• regulatory distortions, 

• technical bidding limits, 

• too low interconnection and grid capacity, 

• obstacles for self-generation, energy storage, demand-side measures, and energy 
efficiency, 

• Missing of cost-efficient and market-based procurement of balancing and ancillary 
service, and  

• regulated prices.  

 
1  In an interconnected system, possible variation of the CONE and VOLL across the bidding zones may cause 
the deviation from the Reliability Standard in a given bidding zone, other things being equal.    
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2.1.3 Resource Adequacy Assessment and Economic Viability Assessment 
A RAA is an important analysis allowing to assess whether the future expected resources 
are sufficient to meet the demand. The RAA estimates the indicators of adequacy, such as 
the average number of hours in which a country’s electricity demand cannot be met by the 
own available resources or imports via interconnectors (LOLE) and the associated Expected 
Energy not Served (EENS) expressed in GWh per year over the forward period up to 10 
years. 
The results of the RAA in terms of LOLE are compared with the LOLE target defining the Re
liability Standard to assess whether in the medium-term period of 10 years adequacy con
cerns may appear which may potentially require interventions.   
 
The RAA uses Monte Carlo Simulations to simulate each target year several times with dif
ferent random inputs to obtain a large sample of results deriving from possible future states 
of the system. The random inputs are climate profiles and random outage events derived 
from available statistics and climate data. The objective of such simulations is to obtain a ro
bust estimate of the adequacy indicators given a set of assumptions.  
 

Figure 2. Construction of Monte Carlo sample years 

 
Source: (ENTSO-E, 2021) 
 
An important objective of the RAA is to inform and substantiate policy decisions, such as 
whether capacity mechanisms should be introduced to support maintaining the existing and 
developing new capacity, in case the RAA indicates a structural adequacy issue.  
In this context, it is important that the capacity assumptions used in the RAA are consistent 
with the expected decisions of market participants regarding the investment, retirement, and 
mothballing decisions for the assets they operate. This consistency is provided by an EVA, 
which is an additional step to ensure the economic plausibility of the capacities used in the 
RAA. An EVA shall provide an endogenous assessment of the economic decisions of opera
tors of each capacity resource and target year to maintain, retire, mothball, extend or new-
build capacities. 
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Under the recent Electricity Regulation 2019/943, the European Resource Adequacy As
sessment is required to contain an EVA. The European RAA methodology was developed by 
ENTSO-E and amended and approved by ACER on 02.10.2020.2  
 

2.1.4 Criteria for the EVA 
The Economic Viability Assessment is a quite complex model and as it is often the case with 
complex models, its usefulness depends on a number of methodological choices among the 
available options. Such choices are quite often imposed by the limited computational re
sources, which require to make certain simplifications. In the report we will aim to highlight 
the two main considerations that in our view should inform the methodological choices and 
the best allocation of the computational resources:  

• How closely the resulting model reflects the entry/exit decisions taken by market par
ticipants;  

• To what extent the chosen implementation approach is consistent with the overall ob
jective of the RAA. 

 
 

2.2 ENTSO-E methodology for EVA as approved by ACER 

The EU Electricity Market Regulation 2019/943 for RAA stresses the importance of the Eco
nomic Viability Assessment, stipulating in Article 23 para 5 lit. b) “The European resource 
adequacy assessment shall be based on a transparent methodology which shall ensure the 
assessment is based on an appropriate central reference scenario of projected demand and 
supply, including an economic assessment of the likelihood of retirement, mothballing 
and new build of generation assets…”. Accordingly, Article 6 of ENTSO-E’s methodology 
for the ERAA approved by ACER provides a general framework for performing economic vi
ability assessments (EVA) (ACER, 2020). 
 

2.2.1 Objective and scope of the EVA 
 
According to Article 6 para 1 of ENTSO-E’s methodology for the ERAA, the purpose of the 
EVA is to analyse the chances of either existing assets (generation, storage, demand re
sponse) being retired permanently or mothballed temporarily, new assets being build or rele
vant measures relating to the consumption of electricity, such as energy efficiency or de
mand-side management, being developed. 
 
ENTSO-E’s methodology as approved by ACER states that for each group of relevant as
sets, each modelled bidding zone and each year considered in the ERAA, the EVA should 
compare the expected market revenues against the costs in order to assess if the provision 
of capacity is economically viable (Article 6 para 4). The total revenues considered for the 
EVA are composed of revenues from different sources. These include revenues from whole
sale electricity markets, revenues from participating in markets for ancillary services, and 
revenues from outside the electricity market, for example in case of combined generation of 

 
2 ACER (2020), Decision No 24/2020 of the European Union Agency for the Cooperation of Energy Regulators of 
2 October 2020 on the methodology for the European resource adequacy assessment. https://docu
ments.acer.europa.eu/Official_documents/Acts_of_the_Agency/Individual%20decisions/ACER%20Deci
sion%2024-2020%20on%20ERAA.pdf 
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heat and power. Furthermore, revenues from political instruments, such as subsidies, or par
ticipation in capacity markets must be included as well.  
 
Just like the RAA, the EVA is performed for each of the next ten years. Additionally, the EVA 
should also account for the expected costs and revenues beyond the studied time frame. 
Unlike adequacy assessment in the RAA, economic viability cannot be assessed for each 
year separately, but depends on the sum of revenues and costs across all years, even years 
that are beyond the scope of the RAA, but within the economic lifetime of an asset. For 
years outside of the RAA scope, but within the economic lifetime, the methodology permits 
to compute revenues based on forward prices in Article 6 para 9. According to Article 6 para 
16 asset lifetimes beyond the years of the RAA can also be considered by depreciating the 
CAPEX using the Weighted Average Cost of Capital (WACC). 
 
The regulatory boundaries of the power market must also be considered beyond direct sub
sidies or capacity markets as they affect revenues and market capacities. Such regulations 
include the zonal configuration of electricity markets, mandated phase-outs of certain tech
nologies, for instance coal or nuclear power, or on the other hand expansion targets, for in
stance for renewable energy. For countries and bidding zones where capacity mechanisms 
already exist to enforce a certain reliability standard, the EVA with and without a capacity 
market should be performed as a check if the mechanism is actually necessary to achieve 
an adequate amount of capacity or not. 
  
Another key point of the EVA mentioned in the ENTSO-E’s methodology approved by ACER 
is to incorporate the risk perspective of investors into the analysis. Profitability of investments 
depends on several factors that are subject to considerable uncertainty. First and foremost, 
market revenues are uncertain, because electricity prices on the one hand and commodity 
prices on the other hand can fluctuate substantially. Other factors subject to uncertainty in
clude the level of demand or fluctuations of renewable generation. Investors consider these 
risks when deciding on investments and hedge their investments against volatility and price 
spikes, which typically incur additional costs. Article 6 para 15 of the ENTSO-E methodology 
states that the effect of this risk management can be included in the EVA. 
 
 

2.2.2 EVA and RAA scenarios 
 
The EVA is embedded in the RAA that analyses the development of resource adequacy in 
the European power system for each of the next ten years. According to Article 3 of the EN
TSO-E methodology, computation of the relevant indicators LOLE and EENS must build on 
a scenario framework that varies the level and structure of demand, the available power 
plant fleet, and the interconnection between regions. A mandatory reference scenario should 
be built on the projections of national TSOs.  
 
The adequacy indicators are computed for each of these scenarios using an economic dis
patch (ED) model that simulates the European power market by minimising operational costs 
of satisfying the assumed demand using the available power plant capacities.  
 
Since the purpose of the EVA is to ensure the economic plausibility of the power plants ca
pacities assumed, the input assumptions of the RAA must be adjusted according to the re
sults of the EVA: economically not viable capacity that is currently in the market is removed, 
while viable, but mothballed capacity re-enters the market. Likewise, additional investment 
into new capacity or into extending the lifetime of existing capacity increase the available ca
pacity, where profitable. 
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Due to their close connection, respective scenario assumptions for the RAA must also be 
applied in the EVA. However, Article 3 paragraph 4 of the ENTSO-E methodology states that 
the EVA is only mandatory for the reference scenario. Generally, consistency with the RAA 
is a priority of the EVA to ensure its accuracy. This consistency can be evaluated by compar
ing results of the dispatch simulations performed for the chosen EVA method and the RAA 
itself. We address these consistency issues in Section 3 below.  
 
 
 

2.3 Main elements of the EVA 

The two principal elements of the EVA are stacking a) the costs of operation, and if applica
ble investment, on the one hand and b) the revenues from operating the asset on the other 
hand. According to the ENTSO-E methodology, these steps are carried out for each type of 
technology, each target year, and each bidding zone considered in the overarching RAA.  
 
Figure 3 illustrates how costs and revenues are used in a converging process to assess the 
economic capacities to be considered in the RAA. Generally, the economic dispatch compu
tation of the RAA serves as an input to the EVA to determine costs and revenues in the en
ergy-only market (EOM), that is, the variable fuel and O&M costs and revenues associated 
with the operation in the wholesale markets and the markets for Ancillary Services (AS) and 
Balancing Mechanisms (BM). Next, the EOM perspective is extended with costs and reve
nues to determine if the decision to enter or to exit the capacity is economic and whether the 
capacity should be considered in the RAA. The sources of revenues relevant for the EVA are 
categorized in the ACER’s approved methodology as follows: Revenues from wholesale 
markets, from ancillary service and balancing markets, from capacity markets, from subsi
dies and lastly, from other sources. 
 
Since costs and revenues constitute the key elements of the EVA, they are discussed at 
greater length in the following sections. We conclude with a discussion of revenue streams 
for different technologies. 
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Figure 3: Converging process of EVA 

 
 
Note: The following abbreviations are used in this graph: Ancillary Services (AS), Balancing 
Mechanism (BM), Redispatch (RD), Energy only Market (EOM), operation and maintenance 
(O&M), and Capacity Mechanism (CM).  
Source: Own display  

 

2.3.1 Overview of the cost elements 
 
Costs of assets can be grouped into four distinct categories: variable costs, annual fixed 
costs, CAPEX - all as introduced in ENTSO-E’s methodology on CONE (short for cost of 
new entry) and mentioned in WP1 - and risk premia or hurdle rates (ACER, 2020). 
 
Variable costs vary with generation and according to the comprehensive definition in Article 
16 para 2 of ENTSO-E’s methodology on CONE include: fuels costs depending on the as
set’s efficiency and expected fuel prices, CO2 costs depending on the asset’s emission fac
tor and the expected emission prices, and other costs related to generation, for instance for 
handling of by-products (e.g. ashes) or for consumable materials (e.g. water). For DSR as
sets, variable costs are related to the cost of activation. Lastly, variable costs also include all 
taxes or levies imposed on variable generation.  
 
Typically, the economic dispatch would result in scheduling the capacity to generate when its 
revenues from the energy and ancillary services markets exceed the variable costs. The rev
enues from such operation net of variable costs is referred to as EOM net revenues in Figure 
3 Figure 3 above. 
The net EOM revenues together with any other revenues received by the capacity regard
less of the volume of production (e.g. capacity mechanism revenues) are then compared to 
the annual fixed costs to determine the entry or exit decision (we address in more details in 
Section 3 the dynamic dimension of the entry and exit decisions). 
 
Annual fixed costs do not vary with generation output and are costs associated with keeping 
the asset capable to operate. According to Article 13 para 4 of ENTSO-E’s methodology on 
CONE, annual fixed costs include labour costs, fixed maintenance and repair costs, insur
ance and asset management costs, transaction and control costs, fixed electricity transmis
sion and distribution charges, or compensation costs, for instance for environmental reasons 
or to local residents. For DSR assets, the costs of compensating the underlying demand are 
considered annual fixed costs too.  
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CAPEX refers to capital expenditures incurred only once during the construction or before 
the asset’s commissioning. In Article 13 para 3 these expenditures are grouped into costs 
incurred by the contractor, like labour and material costs of construction, costs on the 
owner’s side, costs for project development, financing, licenses and permits, or costs of land, 
and other upfront costs, for example for environmental or local resident compensation. 
 
Capital expenditures can also relate to additional investments to prolong the lifetime of an 
asset. These costs are relevant to determine market entry of new capacity or a capacity up
grade. For the decisions about if existing assets exiting or re-entering the market, these 
costs are sunk and must not be considered. Since it CAPEX includes the financing costs, the 
these CAPEX depends on the type of investor, but also on the asset itself and its lifetime. 
 
The risk premium or hurdle rate both reflect how the asset’s economic performance across 
its lifetime is subject to uncertainty. The risk premium approach prices in the risk aversion of 
the investor and reflects the costs of hedging this risk. Alternatively, the hurdle rate reflects 
capital costs plus a hurdle premium to again price in risk aversion and can equally be inter
preted as a threshold that the expected internal rate of return (IRR) of the asset needs to ex
ceed to be economically viable. 
 

2.3.2 Revenues from wholesale markets 
Wholesale market revenues can be earned in several markets that can be differentiated by 
the time the trade takes place before its actual delivery (year-ahead, month-ahead, day-
ahead, intraday, etc.) and the physical or financial nature of the trade. 
 
Three key timeframes for the wholesale electricity markets are: 
 

• Forward markets. Forward markets allow participants to trade energy in advance of 
delivery. In Europe, forward energy can be exchanged for yearly, quarterly, monthly, 
and weekly delivery blocks. Yearly products are typically available up to three years 
before delivery.3 Forward trading happens both through market platforms and 
through over the counter (OTC) agreements between market players. Typical prod
ucts are baseload and peak, but a number of other products may exist and be de
fined in bilateral transactions. 
 

• Day ahead market. This is considered a reference market in Europe. The day-ahead 
market is operated through a blind auction which takes place once every day for all 
hours of the following day. The clearing of the market is determined by the optimisa
tion algorithm Euphemia that is set to maximise the trade value in the region over 25 
European countries accounting for the available transmission network constraints ca
pacity across bidding zones (which may include both NTC-based and Flow-based 
market coupling). The clearing price in the day-ahead market is determined in each 
country’s bidding zone as the as-bid value of the incremental energy delivered in the 
zone for a given hour. The clearing price is paid to all accepted sell bids and is paid 
by all accepted buy bids. Prices are limited by a technical bidding limit set between -
500€/MWh and 3 000€/MWh. By the time of the release of this report, the technical 
bidding limit will likely be increased to 4 000€/MWh, resulting from the price events in 

 
3  Products with delivery period longer than 3 years may be available in the over-the counter trades and on 
some power exchanges but typically have low liquidity.  
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France in April 2022.4 In addition to simple price-volume pairs, market players can 
represent the dynamic constraints of their generation portfolio through block bids, 
e.g. bids that span several hours with identical or different volumes (classic blocks or 
profiled blocks) and which have to be either entirely accepted or entirely rejected. 
 

• Intraday market. Electricity can be traded any time after the closure of the day 
ahead market and up to several minutes before delivery (depending on the country). 
The European Single Intraday Coupling covers 21 European countries and features 
harmonised technical bidding limits set between -9,999.99 €/MWh and +9,999.99 
€/MWh. While day-ahead trades are cleared in one single auction with the last ac
cepted bid setting the price for all transactions, the intraday trading is performed on a 
continuous basis with transactions completed once the submitted offer is matched 
with a suitable pair. The intraday market allows for a high level of flexibility and mar
ket participants can use it to balance their positions closer to real time, but these 
markets may feature a higher price volatility and lower liquidity, entailing an in
creased risk for market participants (again, depending on the country). 

 
In the day-ahead and intraday markets, the power price is set based on the demand and 
supply equilibrium and defined by the marginal offer that under the assumption of a competi
tive market represents the short-run marginal cost of the marginal unit. In the forward mar
ket, power prices represent an expectation of the future day-ahead prices. 
 

2.3.3 Revenues from ancillary service and balancing markets 
The main purpose of ancillary service and balancing markets is to quickly resolve unex
pected misbalances of supply and demand and provide system services to the TSOs. Alt
hough market participants balance their positions in day-ahead and intraday markets, errors 
in RES forecasts, demand forecasts or last-minute forced outages of generation or transmis
sion capacity can happen creating system imbalances. To prevent such system imbalances 
and maintain the grid’s frequency at 50 Hz, European TSOs use flexible power reserves, 
with different response, called the frequency reserves. Four types of reserves are often dis
tinguished and used consecutively in Europe:5 
 

• The frequency containment reserve (FCR) (also called primary control reserve or 
R1) is used to stabilize the European frequency after the occurrence of an event 
leading to a frequency deviation. The FCR service properties are defined on a na
tional level as well as on an EU level through the regional FCR cooperation; 
 

• Automatic Frequency Restoration Reserve (aFRR) (also called secondary control 
reserve or R2) is used to bring frequency back to its nominal value and is automati
cally activated by TSOs. The resources providing aFRR need to be able to provide 
activation energy in the interval between 0 and 15 minutes. 
 

• Manual frequency restoration reserve (mFRR) (also called tertiary control reserve 
or R3) is used to rebuild reserve capacities after aFRR has been activated. It is man
ually required by TSOs in proportion with actual needs. The activation of mFRR re
served capacity occurs within 15 minutes. 
 

 
4  Moestue, H. (2022, April 4). EU power bourses to hike price cap after French spike. Montel. 
https://www.montelnews.com/news/1310833/eu-power-bourses-to-hike-price-cap-after-french-spike-  
 
5  According to the EU electricity market directive, Ancillary Services also cover non-frequency ancillary ser
vices (such as inertia, black start, voltage control, etc), which may also be procured in a market-based way. 
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• The Replacement Regulation (RR) replaces the activated FRR and/or supports the 
FRR activation by activation of RR. However, this type of reserve is only being used 
in a number of European countries. The Reserve Replacement Process is imple
mented by the disturbed LFC Area. 
 

Figure 4: Frequency reserves used in Europe 

 
Source: SEM Committee (2013) 
 
The procurement of these reserves features two steps: 

• Reservation: The capacity that is capable of providing a specific reserve is contracted 
in advance in a yearly, monthly, weekly or a daily auction. The formats, settlements 
and the timeframe of the auctions vary greatly among European countries.  

• Activation: The reserves that are both contracted in advance and otherwise available 
can be activated after the gate closure time of the intraday market. The current EU 
framework is developing towards several platforms for exchanging balancing energy 
across borders, namely: FCR cooperation (primary regulation) started with German 
TSOs since 2007, extended to neighbouring TSOs in 2014 onwards and currently, 10 
TSOs are considering to assess the FCR Cooperation. The platforms for cooperation 
on aFRR - Platform for the International Coordination of Automated Frequency Res
toration and Stable System Operation (PICASSO) - and mFRR - Manually Acti
vated Reserves Initiative (MARI) - were initiated in 2017 and about to be approved. 
Finally, Trans European Replacement Reserves Exchange (TERRE) for RR reserves 
is the European implementation project for exchanging replacement reserves initi
ated in 2013 and launched on 6 January 2020.  

 
Revenues from wholesale and balancing markets together constitute the EOM revenues and 
within the EVA are computed for future scenarios. 
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2.3.4 Revenues from capacity markets 
Capacity markets are measures to address potential adequacy issues by providing a sepa
rate revenue stream to some or all capacity resources that are deemed necessary to meet a 
given reliability standard.  
 
According to the Electricity Regulation 2019/943, two high-level design types are eligible for 
approval by the European Commission:  

- Strategic reserve. In a strategic reserve mechanism, the top up capacity is con
tracted and then held in reserve outside the market. It is only activated when the mar
ket is expected to not clear. Typically, strategic reserves aim to keep existing capac
ity available to the system.  

- A market-wide CRM. In a market-wide CRM, the total amount of required capacity is 
set centrally, and then procured either through a central bidding process in which po
tential capacity providers compete so that the market determines the price, or 
through a decentralised obligation placed on electricity suppliers to contract with ca
pacity providers. In both cases, the price of capacity is determined by the supply and 
demand equilibrium. Typically, such a CRM aims to address the adequacy concerns 
that do not have a short-term nature and cannot be addressed by maintaining the ex
isting capacity and/or require new investment.  

 
 
The revenues received by the capacity resources through capacity mechanisms vary signifi
cantly across the European markets that have introduced such mechanisms, as shown in 
Figure 5 below. The clearing capacity prices vary greatly across the recent capacity auctions 
depending on system conditions and the CRM design. The price may depend on:  

• Capacity adequacy situation and whether the adequacy target can be met with exist
ing capacity or whether refurbished or new capacity is needed (e.g. new coal capac
ity cleared in both auctions in Poland);  

• The fixed O&M cost of the existing capacity required for adequacy (e.g. relatively 
high in Ireland);  

• The expected margins earned by the capacity in the energy and ancillary service 
markets (likely high in GB and France);  

• Bid caps for the existing capacity (Irish cap being higher than GB and a possibility to 
derogate lead to a higher price). Italian capacity auction allows clearing at separate 
prices for existing and new capacity.  
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Figure 5: Prices in recent CRM auctions 

 
Source: Own display based on data from national CRM sources 
 

2.3.5 Revenues outside of the electricity sector 
 
The revenues obtained by capacity operators in the markets described above may be com
plemented by other revenue streams, such as revenues outside of electricity markets, for in
stance revenues from selling hydrogen for electrolyzers. 
 
For conventional generators, revenues outside of the power sector are most relevant for 
combined heat and power (CHP) units, also called co-generation units, which simultane
ously generate electricity and steam for industrial processes and/or heat for district heating. 
CHP units can deliver pure electrical (often referred to as ‘condense mode’), power and heat 
(referred to as ‘CHP mode’), and pure heat (usually by its ancillary boiler). 
 
Another source of income can be governmental subsidies. Subsidies for power and heat pro
duction typically include tax expenditures (exemptions and reductions, tax allowances, tax 
credits and others), direct transfers (grants, soft loans) and indirect transfers (feed-in tariffs, 
feed-in premiums, renewable energy quotas, tradeable certificates, and others). Typically, 
subsidies are granted for renewable energies in the form of feed-in premium, grants, or quo
tas. In some countries, also DSR receives subsidies, which is practically a payment for al
lowing the regulator to curtail industrial consumers when needed. 
 

2.3.6 Composition of revenue streams and drivers for entry/exit decisions 
 
Figure 6 show the composition of revenues for different assets in Ireland 2019 and illustrates 
how revenue sources greatly depend on the type of assets. For most conventional power 
plants, the wholesale market constitutes the main source of revenue. In the case of Ireland, 
for peat also other revenues, presumably from heat sales, constitute a large share of reve
nues as well. Oil power plants generate their major share of revenue in the capacity market 
since they cannot compete on the wholesale market due to their high variable costs. The 
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subsidization of wind and solar by is reflected by their revenue from contracts for difference, 
which is the deployed support scheme for renewables in Ireland. 
 

Figure 6: Sources of revenue as % of total by generation fuel source in 2019, Ireland 

 
Source: SEM-21-052 Generator Financial Performance Report FY2019 
 
The revenue structure for most assets greatly depends on the regulatory framework and is 
also difficult to classify. In the example of Ireland, pumped storage for example earned reve
nues from temporal arbitrage on wholesale markets and on the capacity market, but the larg
est revenue stream comes from other sources, presumably the ancillary services and bal
ancing markets.  
 
Regardless of technology, the operator’s decisions to enter or exit the market are driven by 
the expected revenues. However, the source and structure of revenues driving these deci
sions greatly depend on the respective asset.  
As part of this project, a series of workshops were held where the methodologies of the EVA 
were discussed with the market participants and academic experts. In particular, a key topic 
discussed during the workshops with the market participants in July 2021 was how economic 
viability is actually evaluated by investors and operators of various types of capacity.  
The workshops conducted as part of this study have revealed a number of specificities of the 
market participants’ decisions to enter or exit capacity in the market both in the current con
ditions and in anticipation of the EU-wide implementation of the market reforms within the 
Electricity Market Regulation 2019/943. In particular, this discussion has highlighted a strik
ing difference in the drivers of the entry and exit decisions between the conventional thermal 
plants and flexibility operators, such as DSR and storage. There are further differences 
within these two categories, e.g. between baseload and peak-load conventional plants as 
well as between storage and DSR.   
 
For conventional power plants (especially baseload), the decision to enter or exit is mostly 
driven by the wholesale market as the main source of revenue. Typically, market participants 
apply conservative approaches to assess the ancillary services revenues, but on the other 
hand capacity mechanisms – where they exist – can be a driver of market entries as well. 
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Since the economic lifetime of such power plants is long and investment costs are high (typi
cally, for both baseload and peak-load power plants), investment decisions consider a rather 
long timeframe. Market regulation affecting the price dynamics during the scarcity periods 
(price limitations through explicit or implicit technical bidding limits) or, on the contrary, spe
cific mechanisms ensuring scarcity pricing also have an impact on revenues and entry/exit 
incentives.  
 
A decisive question is therefore to what degree investors consider rare scarcity events that 
will provide substantial revenues but are difficult to anticipate due to their rarity. Here, the 
structure of revenues and costs greatly differs between baseload and peak-load power 
plants. For instance, revenues from the wholesale market for baseload power plants depend 
on average prices, while peak-load plants are more sensitive to the peak-load pricing and 
thus the frequency of scarcity events. 
 
This comes along with different hedging methods that further reflect the difference among 
the conventional power plants: Baseload power plants, like nuclear, coal or sometimes 
CCGT if they operate as baseload, can be hedged in the forward markets, while peak-load 
power plants, such as older and less efficient CCGT or OCGT may require more sophisti
cated hedging approaches or will be predominantly marketed at the spot markets. However, 
practitioners participating in the workshop agreed that such hedging options are not critical in 
determining entry or exit decisions. They have also considered that the scope of natural 
hedges provided by vertically integrated portfolio and hedging available through forward 
market are limited. Eventually, the entry and exit decisions of conventional capacities are 
made based on fundamental modelling of diversified scenarios. An entry decision needs to 
be justified by a solid business case in the central scenario rather than on relying on extreme 
scenarios. 
 
Hence, for baseload power plants a form of risk aversion approach may be applied in as
sessing forward scenarios for the entry/exit decisions. In this case, it could be argued that 
scarcity events may not trigger investments in such facilities in the EVA. Nevertheless, even 
a risk averse investor can deploy hedging strategies to include the expected scarcity rents 
into his calculation which would increase investment in peak-load capacities. 
 
 
In turn, according to the practitioners a different picture can be drawn for investors for flexi
bility and peak-load assets, such as storage or aggregators of DSR resources. They seem to 
consider peak-load pricing during scarcity events in their business cases, as these resources 
are typically characterised by low investment but high variable costs. For those actors the 
risk that expected price spikes will not occur is limited due to their costs structures and it 
comes along with the chance of high return on investment, if the expected price spikes will 
occur.  
 
For storage systems like batteries, wholesale revenues would rather depend on price volatil
ity than on the overall price level. This also applies to some forms of DSR, but at the same 
time opportunity costs of market entry or exit greatly differ for storage and DSR or other flexi
ble consumers, like e-mobility, heat pumps, and electrolysers.  
 
Furthermore, stacking of revenues from as many markets as possible is also very important 
for storage and DSR. Each MW and MWh needs to be sold to combine market revenues, 
such as from balancing markets or other ancillary services. In case of electrolysers, demand 
from the hydrogen market need to be taken into account. Capacity mechanisms are crucial 
as well, where they exist. Today, balancing markets are the most important source of their 
revenue, but at higher DSR capacities these markets might become saturated and the im
portance of wholesale market revenues could increase. Similarly, the importance of 
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wholesale market revenues for storage and DSR may grow with their increasing intraday or 
seasonal price volatility driven mainly by the increasing shares of variable RES. 
 
Flexibility entry/exit decisions are very sensitive to regulation and specific market design pa
rameters. The absence of simple and efficient ancillary services markets and balancing re
sponsibility is a barrier to flexibility development (Lago, Poplavskaya, Suryanarayana, & De 
Schutter, 2021). Specific market design parameters, such as reservoir size, network tariffs 
and derating factors make a big impact and are the reason of difference in volume of batter
ies in Germany and UK vs e.g. France and Belgium. Flexibility development also highly de
pends on explicit and implicit subsidies. Especially for DSR, market access is the most im
portant driver of economic viability, impacted both by entry barriers as well as potential reve
nue streams such as interruptibility schemes or CRMs.  
 
Also, the timeframe considered when assessing profitability can be much shorter, either be
cause technical lifetimes are shorter, for instance of battery storage, or investment cost are 
negligible, for instance in case of some aggregated DSR. These circumstances seem to lead 
to hurdle rates which are not necessarily higher than those of more risk averse investors for 
conventional power plants. 
 
However, even though these synthetic conclusions for the individual technology classes 
could be derived in the course of the workshops, they should be taken with caution, account
ing for the large variation of situations within each technology class. The workshops also re
vealed that the drivers for market entry and exit are diverse and greatly depend on the spe
cific type of asset considered and also individual circumstances for each single asset. 
 
 

2.4 Articulation between the two EVA options 

In Article 6 para 2, the ENTSO-E methodology offers two distinct options to perform EVAs: 

• Economic Viability Assessment of individual capacity resources (individual 
EVA approach). The first option is to assess the economic viability of individual as
sets in the literal sense by performing an explicit assessment of revenues and costs 
by asset. In this case the revenues of the capacity resources are directly assessed 
and stacked across the revenues from the wholesale market, ancillary services, reve
nues from outside of the electricity sector, subsidies, and revenues from capacity 
mechanisms. The entry, exit and mothballing decisions are then assessed for each 
capacity resource based on the estimated revenues and costs and accounting for the 
risk. 
 

• Economic Viability Assessment through overall system cost minimisation 
(cost minimisation EVA approach). The second option takes a system instead of 
asset perspective based on the assumption of a perfectly competitive market, with 
the aim of minimising total system costs. In this case, the entry and exit decisions are 
assessed simultaneously for all capacity resources, all bidding zones and account for 
substitutional effects between capacity resource types and bidding zones, by mini
mising the discounted costs of investment and operation of the entire power system. 

 
These two options are introduced and compared in greater detail in this section. 
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2.4.1 Examples of the two EVA options considered in the ACER’s approved 
methodology 

For the purpose of the first option, cumulative revenues from all markets are estimated as
suming the markets are competitive and compared against total costs to determine, which 
assets exit and enter the market or can expected to be subject to further investments. For 
this calculation, expected revenues from the wholesale market and ancillary service and bal
ancing markets should be based on the results of the economic dispatch modelling per
formed as part of the RAA. In addition, calculation of revenues must account for the regula
tory framework, such as subsidies, and may consider the influence of risk management. The 
adequacy assessments in the Elia report “Adequacy and Flexibility Study for Belgium 2022 -
– 2032” or in the TenneT reporting “Monitoring Leveringszekerheid 2021” provide exemplary 
applications of this EVA methodology (Elia, 2021; TenneT, 2021). 
 
As an alternative, the economic viability can be assessed using an optimisation of the sys
tem from the point of view of an ideal and benevolent centralized planner, whose objective is 
the maximisation of the net social welfare, which corresponds to minimising generation 
costs, if the demand of the end consumers could be considered inelastic. Such an assump
tion is generally reasonable, since the approach typically incorporates DSR not as a price-
elastic consumer, but as storage technology subject to additional operational restrictions or a 
highly expensive peak-load technology. In economic terms, the underlying assumptions of 
the optimisation approach corresponds to a perfectly competitive market. Following this in
terpretation, capacities are considered consistent with economic viability, if they result from 
the optimisation model. For instance, the method is used in an adequacy report prepared on 
behalf of the German Ministry of economic affairs and climate action, as well in the recent 
ENTSO-E European Resource Adequacy assessment (BMWK, 2021; ENTSO-E, 2021). 
 
The computational complexity of the optimisation model greatly depends on the level of tech
nical detail represented by the model, for instance, if the need of ancillary and balancing ser
vices in included. The ENTSO-E methodology approved by ACER states that applied model 
should include an accurate representation of storage and DSR, grid constraints, reserve re
quirements, and regulatory constraints, such as capacity markets, the phase-out of technolo
gies, for instance coal or nuclear plants, a mandated increase of capacities, or any other rel
evant policies. 

2.4.2 The different approaches of the two EVA options 
 
The central difference between individual EVA and cost minimisation EVA is how they coor
dinate the modelling of the market operations and entry/exit decisions, as illustrated in Fig
ure 7 below. 
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Figure 7: Procedure for both EVA options 

 
Source: Own display  
 
 
The individual EVA checks the economic viability of each type of asset in each bidding 
zone separately based on the modelled revenues across different markets. The market reve
nues are modelled using the economic dispatch models that assess the market prices as a 
marginal cost of the production of energy (or an ancillary service, or capacity).  
The economic dispatch model assessing the market revenues needs to be supplemented by 
the assessment of economic viability and the modelling of entry/exit decisions through a 
“soft” integration. That is, for each asset that is part of the EVA analysis (existing or a candi
date for new entry), the market revenues modelled over the modelling timeframe should be 
compared with the variable and fixed costs to model the entry/exit decision or to check if the 
previous assumption on such decision remains economically viable.   
 
In case the individual EVA requires a change in the capacity assumed in the initial economic 
dispatch, an iterative process is required, where the economic viability is assessed based on 
prices from the economic dispatch and the capacity assumptions are adjusted several times 
until convergence on the capacity assumptions. This process can take substantial time and 
may require some simplifications, for example terminating the process as soon as the re
maining differences between the EVA and economic dispatch are sufficiently small. It is also 
conceivable to reduce the number of sample years for the Monte Carlo analysis of the eco
nomic dispatch model that is used for the EVA, while using a detailed economic dispatch 
model for RAA to assess the LOLE and EENS (Elia, 2021). 
 
 
In the overall cost minimisation EVA on the other hand, dispatch and investment are not 
linked in a “soft” way that requires iterations but, being part of the same model, are inte
grated very tightly through a joint optimisation. As a result, convergence between investment 
and dispatch models occurs automatically accounting for the impact of all assets in all re
gions simultaneously to achieve a stable capacity equilibrium (i.e., a proven optimal solution 
of the modelling problem). However, such automatic and comprehensive convergence on 
capacity may be computationally intensive as well, and thus may require some simplifica
tions of the model as discussed in detail in Section 3 below.   
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2.4.3 Characteristics of the two approaches 
The characteristics of the two approaches result in different strengths and weaknesses when 
they are introduced in practice. It should be noted that if unlimited computational capacity 
was available, the two approaches would likely be able to yield the same result when using 
the same inputs. The relative strengths and weaknesses of the two approaches only mani
fest because they tend to allocate the limited available computational capacity to different el
ements of the EVA. We highlight several such elements below and summarise them in Table 
1. 
 
Table 1: Characteristics of two EVA methods 

 Economic viability assessment of 
individual capacity resources 

Minimisation of the overall system 
cost 

Simula
tion of 
market 
revenues 

Focus on market revenues and deci
sions to enter/exit from the point of 
view of capacity providers – aims to 
estimate revenues with high precision 

Considers the system from the central 
planner perspective, potentially sim
plifying the calculation of the revenue 
streams 

Peak 
load pri
cing 

Peak-load pricing occurs when the 
demand sets the price at the DSR ac
tivation level, VOLL or the technical 
bidding limit in case it is lower than 
VOLL 

Peak load pricing appears during 
scarcity situations at the level neces
sary to recover fixed cost of economi
cally efficient new investments 

Entry/exit 
decisi
ons 

May be limited in a) how many invest
ment/retirement options are tested; 
and b) considering interdependencies 
between bidding zones 

Allows an exhaustive testing of poten
tial investment/retirement options 
across all modelled BZ simultane
ously 

 
 
Simulation of market revenues    
 
In principle, both methods rely on modelling the wholesale and balancing markets, either ex
plicitly estimating prices and revenues in case of the individual EVA approach or through an 
integrated modelling solution of dispatch and investments in case of the cost minimisation 
EVA approach. For example, both methods could account for the trade-offs between partici
pation in ancillary services (capacity reservation) and possible revenues forgone from unsold 
energy.  However, an accurate estimation of the market revenues requires allocating signifi
cant computational resources to the economic dispatch model:  

- As discussed in detail in Section 3 below, the individual EVA can be focused explic
itly to achieve accurate estimation of the prices, making sure the economic dispatch 
model used for the price estimation properly accounts for the generation constraints 
and calibrating the results on the historical market and price outcomes. 

- The cost minimisation EVA, in turn, requires usually a higher level of simplification for 
the dispatch, due to the complexity on the investment element of the model, which 
may involve simplifications of the chronology and intertemporal unit commitment con
straints. For instance, reduction of the temporal granularity or relaxation of the unit-
commitment constraints are often required, which may affect the accuracy of model
ling wholesale and balancing markets.  

 
In the workshops held in March 2022, some participants stated that the individual EVA may 
be closer to the investor’s perspective, simulating the investor’s decisions on entry/exit 
based on the projected market revenues and costs. In their point of view, this allows the 
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individual EVA approach to be more accurate in assessing the investment decision from an 
investors point of view. Other participants stated, that an EVA relying solely on the wholesale 
prices estimation based on short-run marginal costs and not reflecting peak load pricing may 
underestimate wholesale revenues in the individual capacity approach (cf. next sub-section). 
 
 
Peak-load pricing 
 
Both approaches allow addressing the situations of scarcity when supply is exhausted, and 
the demand sets the price. During such scarcity situations demand can be represented ei
ther by the activation price of the DSR or by the willingness to pay for the load curtailment 
(Value of Loss of Load or VOLL).  

- In the individual EVA, the peak-load pricing occurs when the demand sets the price 
at the DSR activation level, VOLL or the technical bidding limit in case it is lower than 
VOLL. As a result of the iterations between the market and the investment modelling, 
the frequency and the magnitude of such prices becomes aligned with the marginal 
cost of additional investment.  

- In the cost minimisation approach, peak-load pricing will appear in the model during 
such situations at the level that is necessary to recover fixed cost of economically ef
ficient new investments.  

 
In principle, and assuming the same inputs and conditions are implemented, both ap
proaches should result in the same level and frequency of the peak-load prices. In practice, 
the peak-load price estimated through the cost minimisation EVA may be below the VOLL or 
technical bidding limits in case such lower price level is sufficient for fixed cost recovery. 
Some participants of the academic workshop held in May 2022 stated that regardless of the 
EVA approach, it is critical to ensure the consistency between the investment costs and the 
electricity prices in terms of peak-load pricing, which enables refinancing of investments and 
typically takes place when supply is exhausted (inelastic) and thus the elastic part of de
mand is setting the price during scarcity situations. Some participants noticed that in case 
the individual EVA approach does not explicitly address the scarcity pricing, this may lead to 
underestimating electricity market prices and thus the economic viability of resources, while 
the cost minimisation EVA is reflecting this metric inherently.  
 
 
Entry/exit decisions 
 
The allocation of the available computational capacity could affect the accuracy of the mod
elling of entry and exit decisions between the two EVA approaches:  

- The “soft” iterative process of the individual EVA approach may need to focus the 
modelling of the entry/exit decisions on specific countries or regions. Although in the
ory, the number of different combinations of investment and retirements are not lim
ited, in practice, the number of options depends on the computational effort and re
sulting number of iterations. As a result, different combinations of investment and re
tirements cannot be tested exhaustively, especially when the assessment includes 
more than one region. Indeed, under this approach, it may be difficult to assess the 
impact of one asset in one region entering or exiting the market on the economic via
bility of assets in other countries or regions. These effects could indeed be non-negli
gible since substantial cannibalization effects can occur in (coupled) power markets. 
For instance, profitability of a peak-load power plant will be highly sensitive to the 
number of scarcity events, which might greatly decrease, if only a small amount of 
additional capacity enters the market in the neighbouring country.  
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- The cost minimisation EVA has the advantage of endogenously considering all in
teractions and combinations of entering and exiting capacities across all bidding 
zones considered in the assessment. In that sense, the cost minimisation EVA can 
be theoretically understood to be more systematic in accounting for candidates for 
retirement and investment across BZs, making this choice internally in the optimiza
tion problem.  

 
Participants of the academic workshop in March 2022 have also pointed out that the differ
ences between the two EVA options are much driven by the computational limitations which 
require to make modelling simplifications that may impact the outcomes of the two ap
proaches differently. They have also suggested potential benefits of combining the two ap
proaches, for example by using the capacity equilibrium resulting from the cost minimisation 
EVA as the starting point for the viability assessment of the EVA of capacity resources.  
In practice, this would require the following steps: 

- implementing both approaches in a consistent way (i.e. using the same modelling in
puts and, ideally, modelling platforms),  

- running the optimal capacity expansion model first, applying the cost minimisation 
EVA with possible necessary simplifications of the dispatch and market models to ob
tain the initial decision on the entry and exit of different resource types across all bid
ding zones, and 

- using the capacity assumptions obtained from the previous step as a starting point, 
implement the individual EVA, by running the detailed dispatch and market models 
and verify the viability of individual resources. If necessary, this may involve adjust
ments and iterations of the entry/exit decisions to achieve convergence based on the 
modelling of the entry/exit decisions of individual resources.  
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3. Practical implementation of the EVA 
After having introduced the theoretical foundations for EVA in the previous section, this 
chapter focuses on its practical implementation. The focus here is on the models for eco
nomic dispatch and capacity expansion and how they reflect the revenues relevant for both 
options to perform the EVA. The first subsection provides the basic mathematical formulation 
for these models and describes the iterative process for the individual EVA with greater 
depth. The second subsection builds on this, explaining how the different types of revenues 
discussed in section 2.3 can be obtained from a model. The last two subsections discuss the 
representation of risk within the respective methodologies and discuss computational chal
lenges of the practical implementation. 

3.1 Implementation process 

3.1.1 Mathematical model formulation 
The economic dispatch and the capacity expansion model for the cost minimisation minimi
zation EVA are mathematical optimisation problems of similar structure. To keep computa
tional complexity manageable, these problems are typically formulated as linear problems. 
This structure will be introduced based on an exemplary formulation of an expansion model 
for the EVA through overall system cost minimisation in equations 1 to 8 (Göke & 
Kendziorski, 2022). Afterwards, we will discuss in what way an economic dispatch model de
viates from this formulation. 
 

min 𝐼𝑛𝑣𝐶𝑜𝑠𝑡 + 𝑉𝑎𝑟𝐶𝑜𝑠𝑡  (1) 

s.t. � 𝐺𝑒𝑛�,�,�
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��∈�(�)
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���  ∀𝑡 ∈ 𝑇, 𝑟 ∈ 𝑅, 𝑖 ∈ 𝐼�� (3) 
 

 𝐺𝑒𝑛�,�,� ≤ 𝑐𝑓�,�,� ⋅ 𝐶𝑎𝑝𝑎�,�
��� ∀𝑡 ∈ 𝑇, 𝑟 ∈ 𝑅, 𝑖 ∈ 𝐼��� (4) 
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 −𝑛𝑡𝑐�,�� ≤ 𝐸𝑥𝑐�,�� ≤ 𝑛𝑡𝑐�,�� ∀𝑟 ∈ 𝑅, 𝑟� ∈ 𝑁(𝑟) (7) 
sdf 

 � ( 𝐺𝑒𝑛�,�,�
�∈�,�∈�,�∈�

+  𝑆𝑡�,�,�
���  ) ⋅ 𝑣𝑎𝑟𝐶𝑜𝑠𝑡�,�,� = 𝑉𝑎𝑟𝐶𝑜𝑠𝑡  (8) 
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⋅ 𝑎𝑛𝑛�,� = 𝐼𝑛𝑣𝐶𝑜𝑠𝑡  (9) 
 

 𝐺𝑒𝑛�,�,�  ≥  0, 𝑆𝑡�,�,�
���/��/���  ≥  0, 𝐶𝑎𝑝𝑎�,� ≥  0   

 
Generally, all elements of model equations can be distinguished into variables and parame
ter. Variables are endogenous to the model and are determined as part of the optimisation; 
parameters are exogenous and must be defined before the optimisation. To make them 
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easier to distinguish, in the equations above variables are capitalized while parameters are 
written with a small letter. 
 
 
The first equation states the objective of the entire optimisation problem, which is to mini
mise the sum of investment and variable costs. The optimisation is constrained by the equa
tions 2 to 9 that aim to represent the technological constraints of the power system. 
 
Most importantly, the energy balance in the second equations enforces that supply equals 
demand at each time-step t and in each considered region r. Supply includes generation, 
discharging and charging summed over all considered types of assets i and the import or ex
ports summed over all connected regions r’. Demand on the right-hand side is a parameter 
reflecting the electricity demand that must be met. 
 
The storage balance in equation 3 connects the variables for charging and discharging to the 
storage level by setting the level at time-step t to the level of the previous time-step t-1. DR 
assets are typically represented by the representation of storages with additional terms not 
discussed with greater detail here (Zerrahn & Schill, 2015; Göransson, Goop, Unger, 
Odenberger, & Johnsson, 2014). 
 
Equation 4 to 6 ensure that the amount of generated, charged, discharged, and stored en
ergy for all types of assets does not exceed their installed capacities. For generation, the in
stalled capacities must be corrected with a capacity factor that reflects the share of capacity 
available for generation at time-step t in region r, e.g. the availability profiles for wind or solar 
generators. Since the aim of the model for the EVA is to determine entry, exit and mothball
ing decisions, the asset capacities are endogenous variables in this model. The exchange of 
electricity between regions in both directions is constrained in equation 8 by the available 
NTCs capacities, which are exogenously assumed in this example. 
 
Lastly, equations 9 and 10 define the costs to be minimised. Specific variable costs are a pa
rameter that corresponds to variable costs as defined in the CONE methodology (see sec
tion 2.3.1). Total variable costs are obtained by multiplying with energy quantities and sum
ming over all types of assets i and regions r. Total investments costs are computed analo
gously, but with capacities and annualized investment costs instead. 
 
Although equations 1 to 9 outline the model used for cost minimisation EVA, the structure of 
the economic dispatch model used to obtain inputs like wholesale prices for the individual 
EVA is very similar. In this case, only variable costs are optimised, and capacities are not a 
variable, but must be defined exogenously. 
 
It should also be noted that for illustration purposes, the introduced mathematical formulation 
is stylized. Especially in the economic dispatch model, practical implementations will be 
more detailed, for instance representation of power exchange might not be limited to NTCs 
but consider physical flows instead. In addition, further elements, like balancing and ancillary 
services, can be included too, as we will discuss in the following section. 

3.1.2 Iteration for entry/exit decisions in the individual EVA 
The individual EVA does not only consist of the ED model, but instead involves an iterative 
investment process integrating the ED model as described in section 2.4. In this section, we 
will practically discuss how this iterative process can be designed. 
 
An overview of the iterative process is provided in Figure 8 where orange boxes indicate in
put assumptions to the process while the green elements describe the process itself. Input 
assumptions include the relevant assumptions of the underlying scenarios used for the RAA, 
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for instance fuel prices, demand projects but also a starting set of capacities. These capaci
ties must be grouped into sensible categories based on technology, ageage, and the respec
tive type of decision, for instance mothballing of hard coal power between 20 and 25 years of 
age, because in the subsequent iteration, economic viability can only be assessed jointly for 
all capacities within the same category. 
 

Figure 8: Iterative process for EVA of individual capacity resources 

 
Source: Own display based on Elia 2021 
 
In the first iteration, the ED model is solved for this starting set of capacities to determine 
market prices and generation patterns. As a result, this step captures the interaction of differ
ent capacities in the market and how they impact revenues, for example how revenues of 
peak-load capacities are impacted by a change in base-load capacity. In theory, this step 
could use the full ED model applied for the adequacy assessment of the RAA, which in
cludes a broad range of Monte Carlo to cover different demand, generationgeneration, and 
outages patterns. In practice however, this approach is not viable, because running the ED 
model at this level of detail is highly time-consuming and running it for each iteration of the 
EVA does not appear practical. An alternative is to run a reduced ED model that is sufficient 
to assess economic viability but would be insufficient for adequacy assessment. The Elia re
port for example runs the ED model with 200 of 597 Monte Carlo years in the first iteration 
and then applies k-medoid clustering to identify typical periods in terms of revenue genera
tion to further reduce the model in subsequent iterations. After a predefined number of itera
tions, the detail is increased again to 200 Monte Carlo years and a new set of typical clusters 
is selected to ensure the reduced model is still consistent and can provide accurate results. 
 
Afterwards the results of the economic dispatch model are used to determine the revenues 
from the wholesale and balancing markets for each capacity category. Since the ED model 
will not cover each year within the economic lifetime but might end earlier and work with 2- 
or 5-year steps, revenues for the missing years are extra- or interpolated. Additional reve
nues from subsidies or other markets, like capacity markets or district heating, are ac
counted for separately not based on results of the economic dispatch model. Section 3.2 
provides an in-depth explanation on how different revenue streams are either based on re
sults of the ED model or are computed otherwise. As discussed in section 2.3.6, the compo
sition of these revenues will greatly depend on the category, for instance DSR or storage will 
rely much more on revenues from balancing markets than baseload plants. Besides quanti
tative parameters, the computation of revenues will also require assumptions on regulation 
regarding participation in balancing or capacity markets, because they will heavily determine 
the amount of revenues DSR, or storage can earn in these markets. 
 
Next, these revenues and additional assumptions on costs of the capacity are combined to 
compute a metric for the economic viability of each capacity category and this metric is 
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compared to a pre-defined threshold to decide, if capacities of a certain category are eco
nomically viable or not. Common metrics for this purpose are the net-present value (NPV) or 
the internal rate of return (IRR) with the latter being used in the Elia adequacy study, but in 
theory also more sophisticated risk-based metrics are conceivable as discussed in section 
3.3. The NPV is computed according to the formula below where rt and ct provide costs and 
revenues in specific year t, Cfix provides the investment costs and i gives the specific interest 
rate. For a given interest rate, a project can be considered viable, if the NPV is greater zero. 
Alternatively, the formula can be solved for the interest rate and solved assuming a NPV 
value of zero. In this case, the project is economically viable, if the actual interest rate ex
ceeds the computed internal interest rate. 

𝑁𝑃𝑉 =  �
𝑟� − 𝑐�

(1 + 𝑖)�

�

���

− 𝐶��� 

 
The costs and revenues to be included into the assessment of economic viability depend on 
the type of asset and on the decision being investigated. As discussed in section 2.5, for 
DSR the “economic lifetime” meaning the timeframe T to be considered when computing rev
enues can be rather short, because investment costs only play a minor role compared to 
fixed costs that are necessary to reimburse participating consumers. Also, costs to be con
sidered depend on the available options of investing in a new asset or keeping an existing 
asset in operation. As shown in Figure 9 new investments, or similarly the refurbishment of 
existing assets, must consider CAPEX or investment costs when assessing economic viabil
ity. On the other hand, investment costs are sunk and do not need to be considered when 
assessing re-commissioning or mothballing of existing capacities. 
 

Figure 9: Cases for decision on market entry or exit 

 
Source: Own display 
 
After determining the economic viability for all categories, capacities must be adjusted ac
cordingly for the next iteration. The main purpose of this adjustment is to achieve quick con
vergence between the market simulation based on the ED and the assessment of economic 
viability, meaning that all operating capacities should be profitable, but that additional invest
ments or re-entry to the market would not. The ENTSO-E methodology does not provide any 
specific guidance on how to achieve this convergence, but the Elia report puts forward a 
specific approach: First all capacity categories are sorted in ascending order based on the 
computed IRR and then the capacity of the most profitable ones is increase by a fixed 
amount. Vice versa, the capacity of the most unprofitable categories is reduced. Not adjust
ing all capacities at once appears practical, because changing some capacities can be suffi
cient to achieve an economic viable setup for all, since capacities heavily interact in the mar
ket. To sort the categories rather by IRR than NPV appears appropriate as well, because 
IRR is a relative metric that avoids a bias induced by the total magnitude of costs and 
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revenues for a certain category. Finally, the iteration process might run into situations, where 
results oscillate between two different solutions. In this case, the Elia report proposes to just 
use the one solution of the two with higher overall revenues for assets operators. In the aca
demic literature alternative and more complex algorithms to ensure the economic viability for 
a set of capacities based on results of a dispatch model are provided (Göke & Madlener, 
2022). 
 

3.2 Representation of revenue streams 

Many of the revenues relevant for the EVA are determined based on model results. For the 
individual EVA, revenues from wholesale and balancing markets are based on prices and 
asset operation computed in the economic dispatch model. The cost minimisation EVA ac
counts for all revenue streams by including them into the capacity expansion model. In this 
section, we discuss how models are practically deployed and extended for both methods to 
account for the different streams of revenue. 

3.2.1 Wholesale market 
Wholesale market revenues are generally based on the computed cost minimising dispatch. 
This model assesses the wholesale electricity price based on the marginal value of energy 
that corresponds to the shadow price of the energy balance in equation 2 in the previous 
section. This reflects how in the market generation decisions are based on short run mar
ginal costs (SRMC), plants with lower short-run marginal costs are dispatched first, and 
power prices are then computed based on the costs of the marginal producing unit (Figure 
10). In case of the cost minimisation EVA no explicit prices must be extracted from the 
model and the internal representation of these market mechanics is sufficient. 
 

Figure 10: Illustration of the SRMC merit order and peak load pricing principles 

 
Source: Own display 
 
Such estimation of electricity prices based on the marginal cost is realistic as long as the ca
pacity margin above the demand is sufficiently high and there is high competition between 
generators to serve the demand. Assuming fully competitive power markets under current 
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market rules implies that (i) generation decisions are based on hourly merit-order dispatch 
based on marginal cost of production of the different power plants, (ii) power plant operators 
bid their short run marginal cost (SRMC) based on unsubsidized fuel price and unsubsidized 
variable operation and maintenance cost, and (iii) wholesale power price would be subject to 
the wholesale power technical bidding limit that was until recently set at 3 000€/MWh, but as 
discussed in 3.2.4 below, has recently increased to 4 000€/MWh. Whenever generation or 
DSR capacity is not sufficient to meet the demand, the scarcity pricing should be accounted 
for by applying the technical bidding limit during such scarcity periods, where demand cur
tailment determines the price. 
 
During scarcity periods where supply is exhausted (inelastic), so called peak load pricing 
takes place, where elastic part of the demand sets the price (see Figure 10). During such sit
uations demand is willing to pay until up to the VOLL to avoid a loss of load, which enables 
refinancing of investment costs for new build resources. In the individual EVA approach, as a 
result of the iterations between the market and the investment modelling, the frequency and 
the magnitude of such prices becomes aligned with the marginal cost of additional invest
ment. In the cost minimisation EVA, peak load pricing will appear in the model during such 
situations at the level that is necessary to recover fixed cost of economically efficient new in
vestments. In principle, and assuming the same inputs and conditions are implemented, both 
approaches should result in the same level and frequency of the peak-load prices. In prac
tice, the peak-load price estimated through the cost minimisation may be below the VOLL or 
technical bidding limit in case such lower price level is sufficient for fixed cost recovery.  
 
For the application in the interconnected European system, the dispatch model must cover 
the European countries. Often countries beyond this geographic scope are modelled at an 
aggregated level (Figure 11). Even more regional models can be developed addressing gen
eration with a high level of detail in the region of interest and the countries and market zones 
beyond the main perimeter. To obtain market prices for each market zones, models use the 
zonal transmission network representation that matches with the price zones currently imple
mented in Europe and the commercial transmission boundaries. 
 

Figure 11: Geographic scope of the model 

 
Source: Own display 
 
To make price estimates more accurate, the economic dispatch model often is extended to 
account for additional technical constraints of thermal and hydro capacity. For example, the 
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economic dispatch can account for the thermal unit commitment constraints, such as the 
minimum stable limit, the start-up costs, the minimum run time, the minimum down time, and 
the ramping rates (Tejada-Arango, Morales-España, Wogrin, & Centeno, 2020). 
 
The wholesale dispatch model may need to be calibrated to ensure that its price and reve
nue forecast is accurate. For this purpose, before using the market model for assessment of 
future wholesale market revenues, the model needs to be run on the historical input data of 
demand, commodity and CO2 prices and available generation. The outcomes of the model in 
terms of generation, transmission flows and prices are then compared with the historical 
data and parameters of the model are fine-tuned to ensure that the model correctly calcu
lates the historical market outcomes (Figure 12). We note that in addition to the backtesting 
of the “normal” periods, it is important to ensure accuracy of the model in simulating the 
wholesale prices during scarcity situations, where demand sets the price above the short run 
marginal costs. Such backtesting could be difficult because due to historical excess capacity 
and low DSR participation those situations with prices reaching possibly up to the VOLL or 
the technical bidding limit remain rare.  
 

Figure 12: Example for the back-casting calibration – FR hourly prices, November 2012 

 

Source: Own display 
 
Wholesale prices based on shadow variables from the ED model will always reflect the mar
ginal costs of the next-expensive unit not being deployed. To account for scarcity prices that 
exceed the marginal costs of the most expensive power plant, either a corresponding DSR 
technology can be added to a model to the extent the DSR volume is available or the current 
technical bidding limit in the market reflecting the practical value of demand curtailment. If 
regulation on scarcity prices is more complex and higher prices can already occur when a 
small share of peak-load capacity has not been utilized, shadow variables will not reflect this 
and will require post-processing to reflect wholesale prices. 

3.2.2 Ancillary service and balancing markets 
The markets for the ancillary services and balancing capacity can be modelled by defining 
the supply and demand for such reserves, similar to the supply and demand for power in the 
energy balance. However, it must be kept in mind that all computation of revenues builds on 
exogenous, very critical assumptions regarding what kind of assets match prequalification 
conditions and have actually access to the market. Appendix 0 provides details on how bal
ancing reserve requirements are determined in practice. 
 
For market participants whose business model is based on the ‘stacking up’ of different reve
nues, such as ancillary services markets (frequency and non-frequency) and wholesale 
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markets, the bidding strategy is based on the opportunity cost of not participating to another 
market as illustrated in Figure 13.  
 

Figure 13: Cost of provision of ancillary services reserves 
 

 
Source: Own display 
 
To account for ancillary service and balancing markets within the individual EVA or the cost 
minimisation EVA, the basic formulation introduced in section 3.1 must be extended. This 
could be achieved by introducing a new balance that ensures supply for ancillary services 
matches demand.  
 
For a stylized example of positive and negative reserve requirements, this is demonstrated 
in Equation 10 to 13 (Lorenz, 2017). Equation 10 and 11 introduce balances for positive and 
negative reserve, respectively. The left-hand side of these balances provides the supply of 
negative or positive reserve summed over all types of assets i. The right-hand side specifies 
the demand for reserves and consists of an exogenously assumed amount and additional 
demand depending on capacity of fluctuating renewable capacities in the system. Equation 
12 replaces equation 4 of the problem formulation in section 3.1 and adds the amount of 
positive reserves provided to the capacity constraint limiting generation according to the in
stalled capacities. Analogously, equation 13 ensures negative reserves provided by each 
technology cannot exceed actual generation. 
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 𝑅𝑒𝑠�,�,�
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(13) 
 

For the individual EVA, the shadow prices of equations 10 and 11 provide the market prices 
for reserve requirements, analogously to the energy balance and wholesale prices. In case 
of the cost minimisation EVA, the prices need to be extracted, because capacity decisions 
are already internalized. 
 
In the practical implementation, balancing services should ideally be further differentiated 
into FCR, aFRR, and mFRR and include the activation of energy as well. In addition, models 
can also be extended further to account for inertia and reactive power as well (Wogrin, 
Tejada-Arango, Delikaraoglou, & Botterud, 2020). 

3.2.3 Capacity markets 
Modelling of capacity markets aims to capture the equilibrium between capacity demand and 
supply, taking into account the details of the capacity market, such as the technical bidding 
limits for the existing capacity and for all capacity applied to address potential market power 
and the specific shape of the demand curve. It must be noted that revenues must build on 
exogenous and very critical assumptions regarding access to capacity markets for different 
technologies. Already existing capacity contracts must always be included in the EVA. 
 
The volume of the demand curve in terms of de-rated capacity is usually determined by the 
Reliability Standard determined by the MS based on the country’s estimated Value of Loss 
of Load, according to ENTSO-E’s methodology6 that the capacity market operator (a TSO) is 
planning to meet. The TSOs run models (based on adequacy assessment) to convert the 
Reliability Standard expressed in terms of an objective of the target average number of 
hours of Loss of Load Expectations (e.g. 3 or 8 hours) into a requirement for capacity in 
terms of derated capacity. The derated requirement for capacity as well as other parameters 
of demand and technical bidding limits are usually published by TSOs in advance of the auc
tions (Figure 14). 
 

 
6 ACER, October 2020, Methodology for calculating the value of lost load, the cost of new entry and the reliability 
standard 
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Figure 14: Example of supply and demand for capacity in the Irish capacity auction 

 
 Source: Own display 
 
For the individual EVA, the consideration of a capacity market can add substantial complex
ity and includes two steps:  

• First modelling the capacity market itself, and  

• Second capturing how it interacts with the other revenue streams to determine en
try/exit and mothballing decisions. 

 
Modelling of the capacity market requires assessment of the net avoidable fixed cost of indi
vidual capacity operators defined as the avoidable fixed costs associated with making the 
capacity available over the delivery period of the capacity market net of the expected profits 
received in the energy and ancillary services markets.  
 
The energy and ancillary services revenues are modelled as described above. The net 
avoidable fixed costs depend on each capacity unit’s characteristics but also on whether a 
capacity unit is a new or an existing one. For the existing units, the avoidable cost of being 
a capacity resource is represented by: 

• Fixed annual operating and maintenance expenses; and 
• Debt depreciation (equity cost is assumed to be a sunk cost). 

Figure 15 illustrates the balance between the net avoidable fixed costs and the expected net 
revenues (from energy and ancillary services), the gap representing a capacity bid of an ex
isting unit recovering its net avoidable fixed cost. 
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Figure 15: Net avoidable cost of existing units 

 
Source: Own display 
 
For new units, the net avoidable cost of being a capacity resource is represented by: 

• Fixed annual operating and maintenance expenses; 
• Investment costs (annualised); and 
• Financing costs. 

Figure 16 illustrates the balance between the avoidable fixed costs and the expected net 
revenues (from energy and ancillary services), the gap representing a capacity bid of a new 
unit recovering its net avoidable cost. 
 

Figure 16: Net avoidable cost of new units 
 

 
Source: Own display 
 
 
After having assessed the revenues of the capacity resources as described above, the deci
sion of the capacity operators to enter or exit in the market may need to be found by per
forming iterations looking for a convergence of the mix such that no further existing capacity 
is economic to exit, and no new capacity is economic to enter. This process extends the iter
ation of the individual EVA, which is already necessary in an „energy only“ scenario as 
shown in Figure 17 below.  
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Figure 17 Iteration process for investment/retirement decision with a CRM 

 
Source: Own display, extension of Figure 8 describing the process without a CRM 
 
 
In the cost minimisation EVA, the required capacity level can directly be enforced with a cor
responding constraint as demonstrated in the equation below. The sum of all capacities from 
assets that qualify for the participation in capacity markets must at least amount the exoge
nously set level of capacity demand to meet the Reliability Standard.  
 

 � 𝐶𝑎𝑝𝑎�,�
�∈���

≥ 𝑐𝑎𝑝𝑎𝐷𝑒𝑚� ∀ 𝑟 ∈ 𝑅 
 
(14) 
 

Again, shadow prices of the equation do not need to be extracted, because all entry/exit de
cisions are already internalized in the cost minimisation EVA. 
 
Alternatively, the cost minimisation EVA can also account for capacity markets by exoge
nously adding capacities on top of the results of the system cost minimisation until reliability 
standards are met. For instance, in the ERAA methodology it is described how in the case 
with a CRM computed capacities are tested with the detailed ED model ex-post. If the relia
bility standard is not met, iteratively first retired capacities are added and then new capaci
ties are built. 
 

3.2.4 Other revenues and regulation 
The way revenues from non-electricity markets, subsidies and other kinds of regulation gen
erating revenues greatly differs by revenue. As a result, these revenues can also be ac
counted for differently in the EVA and their implementation could also differ between the two 
EVA approaches. Below we discuss three potential elements of regulation:  

• Heat sales, 

• Subsidies, and 

• Price caps and scarcity pricing. 
 
Heat sales 
Quite often the combined heat and power (CHP) receiving revenues for both producing elec
tricity and for providing heat are considered out of the scope of the EVA. That is, since the 
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decisions to enter or exist for such capacity is not driven entirely by the electricity markets, 
this capacity is taken as given in a similar way with other policy-driven technologies, such as 
nuclear and renewables.  
 
However, there are potential ways to address explicitly the revenues received by CHP from 
outside of the electricity market and to model the entry/exit of such capacity endogenously 
within the EVS.  
 
The simplest way to account for heat sales in the individual EVA revenues is to assume a 
uniform heat price and include it in the overall computation. But since CHP capacities are of
ten subsidized as well, CHP capacity is often considered as policy-driven capacity outside of 
the scope of the economic viability assessment. Some recent approaches model the com
bined electricity and heat revenues of the CHP capacity more accurately as it is done in the 
recent Elia’s Adequacy and Flexibility Study. To assess the additional revenues from steam 
and heat generation, the CHP-credit approach (Fichtner, 2020) is applied in the last Elia’s 
adequacy and flexibility study.   
 
The CHP-credit approach considers a reduction of the variable costs of the CHP units for 
their dispatch decision in the electricity market. By reducing the variable cost at which the 
unit is dispatched, it increases the margin that such units would make (based on electricity 
market revenues and the decreased variable costs), which mimics the additional revenues 
CHPs would get from selling heat or steam. 
 
The CHP credit approach is built upon the reasoning of opportunity costs, meaning if not 
provided by CHP the heat/steam/process needs to be generated by a gas boiler. The benefit 
in marginal cost for the CHP is therefore the opportunity cost (avoided cost) of generating 
the same amount of heat with a gas boiler. The avoided costs should use assumptions on 
boiler efficiency (e.g., 99%) and heat generated per MWh electric produced by the CHP 
(e.g., 1.5MWhth /MWhel). The CHP credit is calculated depending on the gas and carbon 
prices and subtracted from the CHP’s marginal costs, which can then be directly used in 
modelling the expected revenues of CHPs. However, the calibration of the CHP-credit ap
proach may be challenging in practice because the actual CHP revenues can vary greatly 
depending on the supplied process (e.g., steam generation, heat/steam profile required, and 
industrial process). 
 
If CHP capacities are not considered as policy-driven capacity outside of the scope of the 
economic viability assessment, for the cost minimisation EVA the capacity expansion prob
lem must be extended to consider heat requirements. The revenues received from a CHP 
operation are highly dependent on the value of heat and the annual operating hours of a 
plant. Operating hours of CHP are typically higher than a stand-alone technology which 
would otherwise be often used as peaking plants (e.g., OCGTs). One approach to consider 
required heat generation in the cost minimisation are must-run operating profiles, which may 
be interrupted by large scale PtH or gas boilers to avoid, that CHPs have to run at minimum 
capacity factor to supply heat or steam, even if power prices were lower than its marginal 
costs, i.e., operating at loss. 
 
In addition, it is important to differentiate between two main types of CHP generators within 
the modelling:  

1. Independent power producers for specific district heating requirements; and 
2. External waste heat market participants. 

 
We note that the economic viability and operation of the former type of CHP generator is 
more directly related to its variable costs and expected market revenues, whereas the latter 
type supplies heat/steam as a waste by-product of an industrial processes that jointly define 
the economic viability. 
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Subsidies 
Subsidies also impact the economic viability of capacity resources. Subsidies for power and 
heat production typically include tax expenditures (exemptions and reductions, tax allow
ances, tax credits and others), direct transfers (grants, soft loans) and indirect transfers 
(feed-in tariffs, feed-in premiums, renewable energy quotas, tradeable certificates, and oth
ers). 
 
Treatment of the expected revenues from subsidies in the EVA can be twofold (and this is 
irrespectively of the two EVA’s options). The first states that when subsidies or support 
schemes are available, one can assume that they ensure that the installed capacity target is 
reached, and the EVA may not be performed in such cases for those technologies (ERAA 
methodology (Article 6, 9 (d))). Note also that there is no guarantee that the capacities re
ceiving subsides today will receive them for all the target years assessed in a resource ade
quacy. 
 
The second treatment considers the subsidies in an economic assessment. Some subsidies 
are more implicit than others. For example, biomass used for power and heat generation is 
not exposed to the CO2 price because biomass is currently treated as carbon neutral7 under 
the EU ETS. This missing cost for capacity resources using biomass may be considered ex
plicitly as a subsidy supporting their economic viability. The use of biomass for district heat
ing and CHP is quite significant especially in some European regions,8 such as the Nordic 
countries. Energy tax exceptions for biomass may also be treated as a subsidy, but the ab
sence of this “hidden” tax may be difficult to identify, similarly as R&D subsidies. Other men
tioned subsidies, namely tax expenditures, direct and indirect transfers, may be more directly 
included in the economic assessment, but the economic viability of the capacity resources 
will then strongly dependent on the subsidy assumptions, such as their magnitude and dura
tion. 
 
An alternative approach in EVA can be to model the capacity resources’ true costs and ex
pected revenues without subsides to obtain an unbiased view on the possibly missing 
money which can then be addressed by policy instruments. Scenarios and sensitivity anal
yses can be also applied for varying assumptions on the costs and revenues of different 
technologies, which can also implicitly reflect policy incentives (subsidies). In the cost mini
misation EVA subsidies could be reflected in the cost assumptions, in the individual EVA 
subsidies can be factored in directly. 
 
Technical bidding limits and scarcity pricing 
Technical bidding limits, i.e., a maximum energy price at which a modelled market can clear, 
are a key aspect of electricity market design, potentially affecting investment decisions. Until 
recently, the day-ahead technical bidding limit was set at 3 000 €/MWh, but automatic ad
justment mechanisms are foreseen by Article 10 of the Electricity Market Regulation. For ex
ample, following a proposal by NEMOs (NEMO Comittee, 2020) when a price of 60% of the 
prevailing technical bidding limit is reached, the technical bidding limit increases by 1 000 
€/MWh, increasing in theory up until the Value of Lost Load (VOLL). By the time of the re
lease of this report, the technical bidding limit is expected to be increased to 5 000€/MWh 
following this principle, resulting from the price events in the Baltic region in August 2022, af
ter the technical bidding limit has already been adjusted once to 4 000€/MWh after the price 

 
7 This is because it is assumed that the same amount of CO2 was sequestered during the sustainable growth of 
the biomass as will be released when the biomass fuels are combusted. 
8 See study on biomass subsidies, e.g. http://trinomics.eu/wp-content/uploads/2019/11/Trinomics-EU-biomass-
subsidies-final-report-28nov2019.pdf 
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events in France in April 2022.9 VOLL levels are nationally set following an ENTSO-E meth
odology and typically vary between 10 000 and 20 000 €/MWh. According to ACER (2019) 
and in line with Art. 41 of the CACM guideline, the maximum and minimum clearing prices 
(for the single day-ahead coupling) shall take into account an estimation of VOLL as deter
mined by the market participants’ willingness to pay. The technical bidding limits will there
fore be gradually increased reflecting VOLL, which can further differ by market places, i.e. 
day-ahead, intraday, or balancing and imbalance power markets. 
 
Regulatory scarcity pricing is a relatively new regulatory approach under discussion in Eu
rope (that was implemented in some markets of the USA in 2000s and 2010s, e.g. in ER
COT10 and PJM11), which addresses the missing money problem via more precise valuation 
of reserve services. Scarcity pricing refers to the notion of increasing energy prices above 
the marginal cost of the marginal unit (a price adder) under conditions where the system is 
short on generation capacity. The theoretical justification of the approach is that it adjusts the 
real-time price of energy and reserve capacity such that the resulting dispatch of profit-max
imizing generators would reproduce the optimal dispatch that would be obtained if the contri
bution of reserve capacity towards reducing the loss of load probability would be accounted 
for (Hogan, 2013). Scarcity pricing generates profits for generating resources that serve to
wards covering the capital costs of these units. Scarcity pricing is therefore essential for at
tracting investment in a market (flexible technologies and demand response).  
Practical application of the regulatory scarcity pricing in the context of the EVA would imply 
that depending on the degree of scarcity, the wholesale prices can reach levels above the 
technical bidding limit, potentially reaching VOLL based on the assumptions of the specific 
parameters of the scarcity mechanism.  
 
The effect of the technical bidding limits can be captured in both EVA approaches by imple
menting a slack variable setting the price of the demand constraint being not met. As men
tioned above, the two EVA approaches address the peak load pricing differently: The cost 
minimisation EVA defines the peak load prices to ensure refinancing of investments during 
scarcity periods, while the individual EVA implies that this is achieved in the equilibrium be
tween the dispatch and investment by setting the price at the technical bidding limit or VOLL 
during scarcity periods. Although both approaches should be expected to result in the same 
level of the peak-load prices, in practice, the peak-load estimated through the cost minimisa
tion may be below the VOLL or technical bidding limit in case such lower price level is suffi
cient for fixed cost recovery. 

3.3 Uncertainties and risk in the EVA 

This chapter discusses what kind of uncertainties and risks the economic viability of assets 
is subjected to, how these risks relate to the risk assessment of the RAA, and the ways 
these risks can be accounted for in the methodology.  

3.3.1 Critical uncertainties for the EVA 
Investment decisions are difficult because they are sensitive to variables that are uncertain. 
Most of the risks relevant for the economic viability result from the markets the assets 

 
9 https://www.montelnews.com/news/1310833/eu-power-bourses-to-hike-price-cap-after-french-spike-  
 
10  ERCOT (Electric Reliability Council of Texas) is an American organization that operates Texas's electrical 
grid, the Texas Interconnection.   
11  PJM Interconnection LLC (PJM) is a regional transmission organization (RTO) in the United States. It is part 
of the Eastern Interconnection grid operating an electric transmission system serving all or parts of Delaware, 
Illinois, Indiana, Kentucky, Maryland, Michigan, New Jersey, North Carolina, Ohio, Pennsylvania, Tennessee, 
Virginia, West Virginia, and the District of Columbia. 
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participate in, most importantly the electricity markets. Risks in these markets can be distin
guished into a price risk reflecting the uncertainty of obtained prices and a volume risk re
flecting the uncertainty of sold volumes. Both these risks are highly correlated and depend 
on entry or exit of other market participants, commodity prices, and the development of de
mand. For instance, market entry of renewables or reduced consumption due to an eco
nomic crisis will both reduce prices and the amount of electricity sold by thermal power 
plants. In addition, thermal power plants are subject to a price risk from commodity markets 
for fossil fuels or emission certificates. 
 
On top of the market risk, there are substantial regulatory or political risks which are more 
difficult to quantify. For instance, a change of regulation in the ancillary and balancing mar
kets could have a severe and unexpected effect on the revenue of market participants. Politi
cal risks can also greatly affect market participants that regulation is not aimed at directly. 
For instance, subsidies for renewable energies in many European countries greatly de
creased wholesale prices and resulted in substantial reduction of revenues for thermal 
power plants. Other examples of political risks include regulation and compensation mecha
nisms related to the phase-out of fossil fuels, the configuration of market zones, or the intro
duction of capacity markets. Lastly, there are practical risks associated with the construction 
and operation of assets, for instance an unexpected delay in construction. 
 
The consideration of risks is already a central component of the RAA where the EVA is a 
part of. To precisely estimate of resource adequacy, the RAA methodology provides detailed 
instructions on how to deploy a Monte-Carlo approach considering different climatic years 
and outage patterns and how to draft and test different scenarios of long-term system devel
opment. But although EVA shares several uncertainties with the RAA approach, the impact 
of these uncertainties between EVA and RAA can differ and some key uncertainties for the 
EVA are not relevant for the RAA at all. In the following, we will refer to these uncertainties 
as “asymmetric” and discuss them with greater detail.  
 
Asymmetric uncertainties are important to discuss, because they are not a focus of the sto
chastic methods in the RAA, but still have considerable impact on the RAA and therefore ul
timately on the EVA as well. The most important example for asymmetric uncertainties are 
commodity prices of thermal generators. Prices for fossil fuels and emission certificates can 
fluctuate substantially and the resulting uncertainty greatly affects entry and exist decisions 
by operators, but in the RAA these uncertainties play a minor role and might only be consid
ered in different sensitivities, if at all. 

3.3.2 Consideration of risks in the methodology  
In the EVA, risk and uncertainty can be accounted for in different ways. The most straight-
forward way is to perform the EVA for the different scenarios of the RAA that reflect different 
pathways for the development of the overall system. This approach rather takes a macro 
perspective capable to account for key political and market risks but cannot capture the im
pact of rare scarcity events and is not very elaborated from a methodological perspective. 
Instead, the RAA and the EVA are simply performed independently for each scenario lead
ing to different results regarding installed capacities and adequacy metrics. Accordingly, this 
approach does not capture the risk behaviour and mitigation strategies by investors and 
market participants. 
 
Two more sophisticated methods to account for risks are already mandated in the EVA 
methodology. First, the EVA must consider the different Monte Carlo years also used for the 
adequacy assessment of the RAA. Although the purpose of these Monte Carlo years in the 
RAA is to capture adequacy risks, using them within the EVA can accurately account for 
market risks and most importantly scarcity events. Nevertheless, deploying the same num
ber as Monte Carlo years with the same level of temporal detail as in the RAA is challenging 
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for the EVA, as we will discuss in following section. The ERAA 2021 was criticized by ACER 
for not including sufficient Monte Carlo years, which would require a stochastic capacity ex
pansion model (Backe, Skar, Granado, Turgut, & Tomasgard, 2022). The Elia report using 
EVA of individual capacity resources already deploys a higher but still reduced number of 
Monte Carlo scenarios to compute a distribution of market revenues. 
 
Second, the EVA methodology mandates to use a differentiated Weighted Average Cost of 
Capital (WACC) that reflects the risk premium different investments are subject to. The 
WACC considers how investment risks impact financing costs. The higher the risk regarding 
the project profitability, the higher the expected return investors require. To compute the 
WACC, the expected returns of fund providers/investors are aggregated based on respective 
share in financing an investment. Different methods are conceivable to compute the WACC 
for adequacy studies: 

• WACC can be determined either exogenously (via an independent study/benchmark) 
or endogenously to the adequacy study (e.g. risk and WACC premium assigned to 
investors computed based on the modelled revenue fluctuation), or with a hybrid ap
proach combining both a base WACC determined exogenously with WACC premia 
determined endogenously;12 

• WACC can be either asset-specific or normative, i.e. for a technology class (e.g. 
CCGT, OCGT etc.) and/or market operator type (Utility, IPP etc.). 

 
The ERAA 2021 uses a uniform WACC for all regions based on a study specifically estimat
ing the WACC for the Belgian market under certain conditions. In its review, ACER criticises 
this approach and states the WACC should reflect the different market conditions in Euro
pean markets and therefore differ by country. In addition, the computation process must be 
made transparent. 
 
The computed WACC can then be integrated in the respective EVA method. For the individ
ual EVA, the WACC is used to compute the IRR or NPV that is used to determine the profita
bility of certain capacity categories and to decide on how to adjust their capacity in the next 
iteration as described in section 3.1.2. In the cost minimisation EVA, the WACC will be used 
to annualize the investment costs being part of the cost minimisation according to the for
mula below where i is the assumed WACC, n is the economic lifetime, and inv are the in
vestment costs. 

𝑎𝑛𝑛 =  𝑖𝑛𝑣𝐶𝑜𝑠𝑡 
(1 + 𝑖)�  ∙ 𝑖

(1 + 𝑖)�  −  1
 

 
Finally, it is conceivable to deploy more advanced metrics to advance the representation of 
asymmetric risks that are critical for the EVA but not extensively covered in the RAA, for in
stance commodity prices. Different price developments here could be included into the 
Monte Carlo scenarios that currently only reflect climatic conditions and outage patterns. 
Correspondingly, the iterative adjustments of capacities in the EVA of individual capacity re
sources could be based on other risk metrics than IRR or NPV, for example value-at-risk or 
expected shortfall. However, further advancing risk metrics increases computational chal
lenges in the EVA. In addition, it is questionable, if improving methods can lead to more pre
cise results or will just create “over-sophistication”, meaning more complex but not more ac
curate methods. For instance, a key question of risk management by market participants is 
the rest of their portfolio, which cannot be reflected by the EVA. 

 
12  See for instance RTE (2018). Impact assessment of the French Capacity market 
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3.4 Computational challenges and simplifications 

Like any quantitative model, the methods for the EVA have to make certain simplifications to 
be computationally feasible. On the one hand, these concern rather theoretical aspects, like 
assuming that in the market capacities will develop in a cost minimising way, as discussed in 
section 2.4 of the theoretical section. 
 
Beyond these theoretical assumptions, some practical simplifications are necessary to keep 
the computational complexity of models manageable. In particular the cost minimisation EVA 
will typically require simplifications not used in ED dispatch models. First, because capacity 
variables are part of the model and increase complexity. Second, because the scope cannot 
be limited to a single year but must cover the entire timeframe of the RAA and might even go 
beyond to account for the economic lifetime of assets. For the individual EVA this problem is 
not as pronounced, because the ED model can be solved separately for each year, while the 
cost minimisation EVA only performs one comprehensive optimisation. On the other hand, 
the individual EVA requires simplifications regarding the iteration process, due to limitations 
in exhaustively testing all investment possibilities in various technologies and across various 
bidding zones (i.e., no unique solution of the EVA model can be found or attested in the indi
vidual EVA). 
 
In the following, we will discuss simplifications mostly applicable for both EVA methods re
garding time-series reduction and unit commitment. 

3.4.1 Monte Carlo climate years 
Both EVA approaches share that they cannot deploy the full number of Monte Carlo years 
used for the adequacy assessment of the RAA, while at the same time must ultimately lead 
to results that cannot be inconsistent with the RAA. Such inconsistency between RAA and 
EVA was one of the reasons for ACER to reject the ERAA 2021 by ENTSO-E. In this case, 
the EVA was based on representative periods for a small number of climatic years and an 
average outage pattern opposed to a high number of Monte Carlo years. As a result, the 
computed values for the LOLE (i.e., investment signals due to scarcity prices) were found to 
be much smaller than the more accurate values computed by the ED model using all Monte 
Carlo years. This may lead to an underestimation of the viability of resources in the EVA and 
thus also their deployment as compared to the full probabilistic ED. 
 
As discussed in section 3.1.2, the Elia report based on EVA of individual capacity resources 
uses a reduced number of time-steps for most iterations and only 200 Monte Carlo years. 
The number of time-steps is only increased in selective iterations to ensure consistency. A 
plausibility check within the report that tests final results with all time-steps and not 200 but 
all 597 Monte Carlo years proves accuracy. As a result, the approach is capable to achieve 
consistency regarding LOLE and EENS between the calculations performed for the EVA to 
determine capacity and the overall adequacy assessment of the RAA. Achieving such con
sistency is crucial, because inconsistency between LOLE and EENS implies that scarcity 
events are not accurately captured by the EVA. As a result, also results on economic viability 
will differ substantially since peak-load scarcity events account for a substantial share of rev
enue for peak-load plants. 
 
The RAA applying cost minimisation EVA often uses a selection of representative climate 
years from several years of climatic data or a clustering of the climate years approach. Alt
hough ACER generally accepted to deploy some simplifications until the full compliance with 
the RAA-method due by 2024, final results were criticised for insufficient consistency with 
the ED model that suggests computation of capacities is biased since scarcity events are not 
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fully reflected.13 Another example is provided by the German RAA that applies the cost mini
misation approach for ERA while simplifying using only 6 climate years.14  
 
Some discrepancies of LOLE between EVA and ED due to non-avoidable simplifications in 
both approaches discussed may not be completely ruled out. Nevertheless, a high degree of 
consistency of the LOLE estimation between EVA and RAA should still be achieved. 
 
 

3.4.2 Temporal granularity reduction 
 
The academic literature provides different methods to reduce the temporal detail of ED mod
els used for the individual EVA or capacity planning models used for the cost minimisation 
EVA.  
 
The greatest simplification, only applied for capacity planning models, is to not include the 
full chronology of the load into the model and instead base capacity expansion on a simple 
load duration curve model. An example of the mechanics of such model is described in Fig
ure 18 below. First total cost depending on the number of operating hours for different tech
nologies are plotted in the lower graph. For each line, the intercept with the x-axis represents 
fixed investment costs even incurred without any operation and the slope reflects variable 
generation costs. Accordingly, the graph captures the trade-off between base-, mid- and 
peak-load technologies in terms of fixed and variable costs. For a given number of operating 
hours, the graph can be used to determine to cost-efficient technology for supply. This tech
nology changes wherever lines intersect. 
 

 
13 „Overall, ACER considers that the level of simplifications of the EVA in the ERAA 2021 is not acceptable due to 
the considerable impacts it has on the results.“ Acer (2022), Decision on the European Resource Adequacy As
sessment for 2021, Annex 1 
14 BWMi  
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Figure 18: Duration curve model to determine installed capacities 

 
Source: Own display 
 
To determine a cost-efficient combination of technologies satisfying demand, the total cost 
curves are paired with a duration curve of demand sorting hourly data over a year in de
scending order. To further reduce complexity this curve can also be approximated, for in
stance by a stepped curve. In the model, fluctuating renewables, like wind and solar, can 
only be considered exogenously by subtracting their hourly generation from demand, result
ing in the so-called residual demand curve. 
 
To ensure adequacy, the total sum of capacities must comply with maximum demand on the 
very left of the curve. In addition, the number of operating hours for peak-load capacities to 
be cost-efficient can be transferred into the upper graph and used to derive their capacities. 
The same process is repeated for mid- and base-load technologies to obtain all capacities. 
 
Although highly efficient in terms of computation time, the approach is very simplistic. Ca
pacities are solely based on the investment and variable costs of the respective technolo
gies. Intertemporal effects of operation, like ramping restrictions or minimum offline time, 
cannot be represented. For the same reason, energy storage cannot be modelled either. 
More importantly, also interzonal effects cannot be captured, because the approach only 
works for a single market. Imports and exports to neighbouring markets restricted by line ca
pacities are not accounted for. Correspondingly, academic research finds the method inferior 
to others in terms of accuracy (Nweke, Leanez, Drayton, & Kolhe, 2012). The method is not 
used in any of the existing EVA options and likely insufficient to achieve consistency with the 
detailed chronological time-series used for the resource adequacy assessment. 
 
The next-best alternative is to not use a full year of chronological data, but to run models 
with a reduced subset of timesteps. This approach is applicable for both, the ED model used 
for the individual EVA and capacity planning models used for the cost minimisation EVA. 
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Fundamentally, two different methods illustrated in Figure 19 can be distinguished to repre-
sent a reduced time-series within a model (Göke & Kendziorski, 2022). For demonstration, 
we assume a “full” time-series includes all hours of a year in chronological order.
One way is to implement the reduced time-series the very same way, termed a reduced se-
quence. This approach facilitates the implementation of inter-temporal constraints, like stor-
age levels, but will either impose a bias on short- or long-term.
Alternatively, the steps of the reduced time-series can be grouped into independent periods, 
for instance a week or a day. Inter-temporal constraints are than imposed independently for 
each grouped period. This approach is well suited, if intertemporal constraints only apply for
a short duration, like minimum offline times of thermal power plants or battery storage
(Pineda & Morales, 2018). If intertemporal constraints cover longer timespans, in case of 
seasonal storage for instance, the approach must be extended to track storage levels across 
several grouped periods (Kotzur, Markewitz, Robinius, & Stolten, 2018). 

Figure 19: Methods to implement reduced time-series, based on Göke & Kendziorski, 2022

Source: (Göke & Kendziorski, 2022)

The question of how to select time-steps from the full time-series can be separated from the 
implementation discussed above. In the example presented in Figure 19, two representative 
days consisting of 24 hours are selected from the full time-series. Academic literature pro-
vides a wide range for selecting such time-steps (Hoffmann, Kotzur, Stolten, & Robinius, 
2020).     Alternatively, new representative time-steps can also be created synthetically
(Doménech, Campos, & Villar, 2018).

Generally, the underestimation of lost-load when using reduced time-series is a common 
problem, but academic literature suggests two different ways to address this 
(Hoffmann;Kotzur;& Stolten, 2022)(Hoffmann, Kotzur, & Stolten, 2022). First, the temporal 
resolution of the reduced time-series can be increased. On the one hand, this approach is 
straight forward and will consistently improve the solution, but on the other it will obviously 
increase computational complexity of the problem and can easily lead to models becoming 
unsolvable. Second, the selection criteria for the time-steps of the reduced time-series can 
be improved, sometime specifically to account for extreme events leading to lost load
(Teichgraeber, et al., 2020). While this approach will not increase computational complexity, 
it is not as effective and cannot be guaranteed to consistently improve results.

Both existing analyses of economic viability deploy time-series reduction in some way.
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3.4.3 Unit commitment constraints 
Detailed ED models will typically consider each unit of generation separately enabling them 
to account for complex operational constraints. In the following equations, the index i refers 
to a single unit and the binary variable 𝑂𝑝𝑟�,� reflects, if this unit is operating or not at a given 
time t. Consequently, the first equation imposes a lower limit on the utilization of the plant 
whenever it is operating reflecting restrictions of large thermal power plants. Similarly, the 
second constraint defines a minimum timespan the plant must remain offline once it has 
stopped operation once. Finally, the last two constraints limit the gradient of generation 
across time-steps to capture operational restrictions. Additionally, it is conceivable to further 
expand the listed equations, for instance to account for start-up costs of plants. 
 

𝐺𝑒𝑛�,�  ≥ 𝑚𝑖𝑛𝐺𝑒𝑛� ⋅ 𝐶𝑎𝑝𝑎� ⋅ 𝑂𝑝𝑟�,� ∀𝑡 ∈ 𝑇, 𝑖 ∈ 𝐼���  

� (1 −  𝑂𝑝𝑟��,�) 
�� ��������� �

����

≥ 𝑚𝑖𝑛𝑂𝑓𝑓� ⋅ (𝑂𝑝𝑟���,�  −  𝑂𝑝𝑟�,�) ∀𝑡 ∈ 𝑇, 𝑖 ∈ 𝐼���  

𝐺𝑒𝑛���,�  −  𝐺𝑒𝑛�,�  ≤ 𝑔𝑟𝑎� ⋅ 𝐶𝑎𝑝𝑎�  ∀𝑡 ∈ 𝑇, 𝑖 ∈ 𝐼���  

𝐺𝑒𝑛�,�  −  𝐺𝑒𝑛���,�  ≤ 𝑔𝑟𝑎� ⋅ 𝐶𝑎𝑝𝑎�  ∀𝑡 ∈ 𝑇, 𝑖 ∈ 𝐼���  

𝑂𝑝𝑟𝒕,𝒊 ∈ {0,1}   
 
 
In general, these unit commitment constraints are most relevant for large thermal assets, 
such as coal or gas power plants. However, since they introduce a binary constraint includ
ing them can greatly increase the computational complexity and solve time of any linear 
problem. Therefore, a common simplification is to aggregate all plants with similar character
istics, e.g. all old coal plants, into one comprehensive category i. These categories can be 
compared to categories ENTSO-E uses for other publications, like the TYNDP. Neverthe
less, such aggregation if implemented within the EVA may create further inconsistency with 
the adequacy assessment in the RAA, which under the ENTSO-E’s methodology requires 
unit-level detail. Aggregating capacities will neglect the constraints listed above. Omitting 
them will assume that the affected plants are perfectly flexible and neglect opportunity costs 
incurred by inflexibility. As a result, using these simplifications in either EVA method will un
derestimate market prices and is likely to impose a bias on results. The magnitude of that 
bias will greatly depend on the role of large and rather inflexible thermal plants in the mod
elled system. 
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4. Final conclusions on the EVA 
This report has outlined all relevant costs and revenues that have to be applied in a converg
ing process to assess the economic viability of assets. The economic dispatch modelling 
serves to determine variable costs and revenues in the energy-only market (EOM), that is, 
the variable fuel and O&M costs and revenues associated with the operation in the whole
sale markets and the markets for Ancillary Services (AS) and Balancing Mechanisms (BM). 
Further, the EOM perspective is extended with fixed costs and other revenues to determine 
if the decision to enter or to exit the capacity is economically viable and thus whether the ca
pacity should be considered in the RAA.  
 
It became clear, that the Economic Viability Assessment is a quite complex model which in
tends to assess over a forward period of capacity technical lifetime a) the market operation 
and associated revenues and costs and b) the decisions to enter, exit or mothball capacity 
based on the fixed costs and the expected costs and revenues.  
 
As it is often the case with complex models, the outcome of the EVA depends on a number 
of methodological choices among the available options. This report highlights that such 
choices are quite often imposed by the limited computational resources, which require to 
make certain simplifications.  
 
Below we summarise the considerations that in our view should inform the methodological 
choices and the best allocation of the computational resources stemming from the discus
sions presented in the report.  
 
First, one need to ensure that the EVA model reflects the entry/exit decisions being made by 
the market participants operating different capacity types, for which a number of require
ments for the EVA implementation may have to be set: 

• Reliance of different capacity resources on the revenues from various sources may 
require a detailed representation of the involved markets: wholesale and balancing 
markets, as well as capacity mechanisms, where they exist.  

• The fact that market regulation and revenues outside markets can have significant 
impact on the entry/exit decisions require a careful application of these regulation in 
the EVA. In particular, the extent to which markets are not yet fully opened for DSR 
as well as the existence of explicit subsidies and support schemes for DSR and stor
age should be taken into account.  

• Different types of capacity are subject to different economic considerations. As the 
discussions in the workshops have revealed, operators of baseload power plants 
may be more risk-averse and thus applying rather average electricity prices in their 
economic assessment. Peak-load power plants, as well as flexibility options such as 
DSR or storage, in turn, may be partly more risk-seeking, depending on their individ
ual structure of costs and the expected refinancing times. 

• The choice between the two EVA approaches (individual EVA vs cost minimisation 
EVA) may also be driven by this consideration. On the one hand, the individual EVA 
allows to explicitly account for the revenues across various markets and better re
flects the investor’s point of view, while being potentially limited regarding the design 
choices of investors and interdependencies across different resource types, markets 
and bidding zones. The EVA through cost minimisation, on the other hand, allows for 
a systemic perspective where all interdependencies in the system are reflected, while 
being potentially limited in considering different revenue streams for an individual in
vestment. In both cases, the weaknesses could be somehow addressed by additional 
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modelling efforts. However, this would come at the cost of additional computational 
complexity, which might technically not be feasible. 

• A combination of two approaches could provide a potential solution to the computa
tional limitations of each of the approaches, as was suggested by the academic 
workshop participants. In particular, the capacity equilibrium resulting from the cost 
minimisation EVA could be used as a starting point for the viability assessment of the 
EVA of capacity resources. 

 
Second, consideration of the realism of the EVA in modelling operators’ entry/exit decisions 
does not always require model complexity. On the contrary, the discussion with the industry 
representatives during the workshops highlights the fact that the investment decisions are 
often driven by simplified views on the market, for example:  

• Decisions to invest in conventional (in particular baseload) plants are often driven by 
a single base case scenario, potentially accompanied by a downside scenario. Such 
decisions do not necessarily consider a wide range of scenarios, accounting for the 
climate variation and the expected price spikes that can be produced in some spe
cific climate conditions. 

• The time horizon of the decisions to develop flexibility resources, such as DSR and 
storage, could be much shorter than the time horizon of the conventional plants, 
while at least for DSR and flexible consumption the share of investment costs is 
much smaller. This could justify simplification of the assessment of economic viability 
and not perform a long-term multi-year analysis for these assets. 

 
Third, the EVA approach should focus on the overall objective to ensure that the RAA as
sesses the forward adequacy of the system based on the economically driven assumptions 
of the future expected capacity. Since the purpose of the RAA is to inform about whether the 
system in the medium term of 10 years can reach its economically optimal Reliability Stand
ard or whether it would need interventions (e.g. capacity mechanisms), it is important that 
the chosen EVA approach reflects the actual and future market conditions over the full life
time of an asset in an appropriate way.  
   
Finally, an important element of the consistency between the EVA and RAA that needs to be 
achieved is on the adequacy indicators. That is, despite being focused on the simulation of 
market participants’ investment and retirement decisions, the outcomes of the EVA in terms 
of the LOLE need to be broadly consistent with those of the RAA. For example, in case RAA 
results in a much higher LOLE than EVA, one may consider that EVA has underestimated 
the economic capacity and vice versa. Even though some discrepancies of LOLE between 
EVA and RAA can be justified by the risk attitude (e.g. risk aversion of some capacity 
types / operators and risk-taking attitude of other types / operators) and the fact that invest
ment decision may not always be driven by rare high-price scarcity events, a strong degree 
of consistency between EVA and RAA should still be achieved.  
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Appendix 
Dimensioning of reserve requirements 

The demand for reserves is defined by the combination of the expected forced outages of 
thermal plants and cross-border lines, the forecast errors from the load (errors between the 
forecast on the DA or after the ID and the realized to be covered by the reserves) and fore
cast errors from renewable (increase driven by increased RES capacity or decrease linked 
with learning curve of RES generation forecast).  
 
The overall need for flexibility can be defined in the following four steps (Figure 20): 
 

• The first step consists in estimating the forecast errors for load, wind, solar and 
must-run generation for the periods day-ahead/last forecast (DA/LF) and last fore
cast/realized time (LF/RT). An upscaling methodology is used to increase these er
rors based on the growth of installed capacity and load. The projected data enables 
to calculate the residual load error, the distribution of error day-ahead/last forecast 
and last forecast/realized time and the variation (delta) of error LF/RT. 
 

• The second step estimates the future forced outages for thermal capacity and for 
interconnections, based on historical forced outages of those assets. 
 

• The third step consists in “merging” these unexpected events – residual load errors 
and forced outages – to assess the total flexibility needs for each period. This is done 
using a convolution product. The final distribution of each period represents the total 
unexpected events occurring over each period. The upward and downward flexibility 
needs for each period are defined as the P99.9 and P0.01 of this distribution 

 
Figure 20: Overall need for flexibility 

 

 
Source: Own display, based on (Elia, 2021) 
 
Then, the need for flexibility that needs to be procured from the market is defined in the Eu
ropean balancing guidelines: 
 

• FCR dimensioning is defined as follows: 
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o The reserve capacity for the synchronous area shall cover at least the refer
ence incident, and for the CE and Nordics synchronous area, the TSO should 
have the right to define a probabilistic dimensioning approach with the aim of 
reducing the probability of insufficient FCR to below or equal to once in 20 
years. 
 

o The size of the reference incident is defined in the CE synchronous area to 
3000MW. (This size is potentially subject to changes with new interconnec
tions, additional large units) 
 

o The size of the reference incident for the GB, IE/NI and Nordic synchronous 
area is equal to the largest imbalance that may result from defined potential 
outages. 

 
• aFRR and mFRR dimensioning is less precisely defined by the European balancing 

guidelines, but the guidelines mention that: 
 

o TSOs should determine the reserve capacity based on historical records cov
ering at least the time to restore frequency, and covering at least one full 
year; 
 

o TSOs should consider the size of a reference incident; 
 

o The reserve should be enough to cover the imbalances in 99% of the time. 
 
Final definition of the demand for each type of reserve needs to be fine-tuned based on the 
national practice.  
 
On the supply side, both electricity producers and customers (via demand response for in
stance) can theoretically participate to ancillary services markets. Their effective participation 
depends on: 
 

• Technical requirements for the participation to the different reserves (activation time, 
delivery period, installed capacity, upward or downward direction),  
 

• Economics consideration (possibility to participate to different markets) and regula
tion (prequalification requirements), 
 

• Those considerations will in turn impact the bidding strategy in the ancillary services 
markets. 
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