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1 Introduction 
Resource adequacy assessments (RAAs) are performed to assess the overall adequacy of 
power systems to meet current and projected electricity demand. RAAs can be used to iden
tify potential resource adequacy issues and to develop mitigation measures to ensure and 
maintain a reliable electricity supply over the period covered by the RAA.  

Demand side response (DSR) can support the adequacy of power systems. By reducing 
electricity consumption of end-users through load shedding or load shifting during periods of 
supply scarcity, the need for dispatchable power plants, storage and transmission capacity 
can be reduced. Furthermore, by shifting electricity consumption to periods of high electricity 
generation from variable renewable energy (VRE) resources such as wind or solar, DSR can 
support the integration of VRE significantly.  

By reducing the need for investments in new generation, storage and transmission capacity 
and limiting curtailment of VRE, DSR can lead to considerably cost savings for the electricity 
supply. An accurate representation of DSR within RAAs is therefore crucial when assessing 
the current and future resource adequacy of power systems and developing mitigation 
measures for potentially identified resource adequacy issues that contribute to the social 
welfare.  

The objective of this report is to provide the basis for the development of recommendations 
and guidelines for DSR potential assessments that aim to provide input for RAAs conducted 
by member countries of the Pentalateral Energy Forum (Penta-Forum) and beyond. The re
port provides an overview of existing methods used to determine DSR potentials and as
sesses the suitability of selected methods to provide necessary inputs to represent DSR ap
propriately within RAAs. Recommendations and guidelines for DSR potential assessments 
that provide input for RAAs in the Penta-region and beyond will be formulated in a in a sepa
rate report that follows the report at hand. 

In Chapter 2 of the report at hand, the most important DSR terminology and use cases are 
introduced and the minimum requirements for DSR resource assessments to serve the 
needs of RAAs are highlighted. Afterwards in Chapter 3, an overview of existing methods 
used to determine DSR potentials is presented and the most relevant methods are described 
in more detail. In Chapter 4, the suitability of most relevant existing methods to serve RAAs 
is evaluated and their strengths and weaknesses discussed. Finally, in Chapter 5, conclu
sions are drawn and a short outlook on the subsequent report (recommendations and guide
lines) is provided. 
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2 Analysis framework 
This chapter establishes the framework for DSR potential assessments which could be used 
to provide input for RAAs. We first introduce the most important terms and DSR use cases. 
Afterwards, we describe the requirements for DSR representation within RAAs based on 
ACER’s decision on the methodology for the European Resource Adequacy Assessment 
(ERAA). Based on these principal considerations, we draw conclusions for the minimum re
quirements of DSR potential assessments to serve RAAs in the Penta-region and beyond.  

2.1 Terminology and DSR use cases 

Demand-side response (DSR) is defined in Article 2 of the Directive (EU) 2019/944 as “the 
change of electricity load by final customers from their normal or current consumption pat
terns in response to market signals, including in response to time-variable electricity prices 
or incentive payments, or in response to the acceptance of the final customer's bid to sell de
mand reduction or increase at a price in an organised market”.1  

DSR is a subset of demand side management and can be categorised into implicit and ex
plicit DSR (see Figure 2-1).2 

• Implicit DSR, or “price-based” DSR, refers to consumers’ response to price signals 
to reduce their electricity expenses. The change of demand by final customers from 
their typical consumption patterns can be triggered by static (e.g. time-of-use tariffs) 
or dynamic (i.e. real-time pricing) electricity tariffs and can be self-directed or directed 
by an energy service provider. 

• Explicit DSR, or “incentive-driven” DSR, can be traded on different markets or partic
ipate in classical load control programs similar as other dispatchable resources. Mar
ket participation of this DSR type is often facilitated by aggregators. Explicit DSR is 
activated by a control signal, making it a dispatchable resource from a system opera
tion perspective. 

 

Figure 2-1: Implicit and explicit DSR as subset of demand side management.2 

 
 

1 EU-Directive (EU) 2019/944 Article 2.  
2 Own illustration based on Albadi, M. H., El-Saadany, E. F. (2007) 
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2.2 ACER’s requirements for DSR representation within the ERAA  

In its decision on the ERAA methodology, ACER specifies how to consider DSR when as
sessing the resource adequacy of the future European power system.9 The ERAA methodol
ogy and the specific requirements for the representation of DSR and battery storage10 within 
the assessment should be considered in the development of guidelines for DSR potential as
sessments within the Penta region.  

Figure 2-5 provides an overview of the ERAA modelling framework. Resource adequacy is 
analysed through a Unit Commitment and Economic Dispatch (UCED) model. The UCED 
model is used to assess the probabilistic resource adequacy metrics Expected Energy Not 
Served (EENS) and Loss of Load Expectation (LOLE) over a ten-year period.  

For each year of the study period, the economic dispatch of available supply, storage and 
DSR resources in the day-ahead market (DAM) is optimised to meet demand in each con
sidered model zone and time-step (min. hourly). During economic dispatch optimization, unit 
commitment constraints of resources, transmission constraints between zones and uncer
tainties regarding the availability of resources and climate conditions are considered. Uncer
tainties of outages and climate conditions are addressed through Monte Carlo simulations. 
Results of the UCED model serve the Economic Viability Assessment (EVA). The EVA is 
used to model market entries and exits of resources and therefore determines which re
sources are ultimately available in the DAM in each year of the study period.  

 

Figure 2-5: High-level overview of the ERAA modelling framework.  

According to ACER, for each considered market zone and year of the RAA, potentials for 
load shedding and load shifting based on implicit and explicit DSR shall be considered:  

• Implicit DSR shall reflect the demand elasticity of the DAM based on real-time elec
tricity tariffs of final customers. In case implicit DSR is not directly linked to the DAM 
prices through real-time pricing, implicit DSR (e.g. facilitated through time-of-use tar
iffs) shall be considered “out-of-market”, that is to say as not participating in the DAM, 
when developing the electricity demand time-series as input for the UCED model. 
Small-scale batteries are considered as “out-of-market” because these assets are 
typically managed behind the meter. Peak shaving from “out-of-market” batteries 
shall be considered when developing the electricity demand time-series.  

 
9 ACER (2020) 
10 We consider small-scale stationary batteries and battery electric vehicles (BEV) as part of the demand side. 
However, batteries are mentioned here explicitly as ACER addresses batteries separately (ERAA, Art. 3.5 (b)).  
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• Explicit DSR participating in the DAM (“in-the-market”) need to be structured in dif
ferent price and volume bands, each characterised by a i) maximum activation ca
pacity, ii) maximum activation duration, iii) unit activation price and iv) technical acti
vation and energy constraints. Large-scale batteries need to be modelled as “in-the-
market” considering energy storage, state of charge, maximum charging/discharging 
capacity and round-trip efficiency.  

ACER provides two options to determine DSR capacities active in the DAM and there
fore available to support adequacy of the system:  

• Endogenously within the EVA of the RAA, or 

• exogenously as fix input parameter for the RAA.  

The former option requires DSR potential and initial installed capacity for various activation 
prices as input for the RAA modelling framework to allow the EVA to define the installed ca
pacity based on market entry and exit of DSR. In the latter option, the available DSR capac
ity in the DAM is defined exogenously, i.e. outside of the RAA.  

The selected option determines what type of DSR potential needs to be assessed as input 
for the RAA. When the available DSR capacity is defined exogenously, the ‘achievable’ DSR 
potential is to be assessed as an input for the RAA modelling framework. Whereas, when 
the economic viability of DSR is determined endogenously within the EVA, rather the ‘tech
nical’ potential, together with techno-economic parameters for individual DSR types, is 
needed as input for the RAA.  

In any case, for both options specified by ACER it is crucial to consider economic and non-
economic implementation barriers as accurate as possible to avoid an over- or underesti
mate of available DSR capacity in the period covered by the RAA.  

2.3 Minimum requirements for DSR potential assessments to pro
vide input for RAAs 

Based on the above principal considerations, the following minimum requirements must be 
met by a methodology that assesses DSR potentials as input for RAAs in the Penta-region: 

• Implicit and explicit DSR need to be reflected 

• Load shedding and load shifting potentials both need to be considered 

• Maximum available DSR potentials (volume) in each hour for each market zone for a 
ten-years study period need to be assessed 

• Technical parameters determining the flexibility characteristics of individual DSR po
tential types need to be assessed 

• Information on investment, fixed operational and variable activation costs of individ
ual DSR potential types which determine the rank in the merit order of available flexi
bility options and their economic viability needs to be provided. 

These requirements will be considered when assessing the suitability of existing methods to 
provide the necessary input for RAAs as well as in the development of new methodological 
guidelines and recommendations which will be presented in a subsequent report. 
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3 Overview existing methods to determine DSR potentials 
In this chapter, we first describe our approach to identify existing DSR potential assessment 
methods. Afterwards, we provide an overview of the results of our desk research and group 
the identified methods according to methodological building blocks. In the last section, we 
describe the most relevant methods identified within our analysis in some more detail. 

3.1 Approach used to identify existing methods 

The approach to identify existing DSR potential assessment methods is composed of three 
steps as shown in Figure 3-1. In a first step a desk research was conducted and a tabular 
overview of existing DSR potential assessments was developed. Afterwards, with the help of 
an online survey, experts in the field were asked to complement the desk research and point 
to further relevant studies. Finally, a workshop was organised in which experts presented 
empirical studies and underlying DSR potential assessment methods and strengths and 
weaknesses of selected methods were discussed. 

 

Figure 3-1: Approach to identify existing methods used to determine DSR potentials. 

The literature analysed was selected to include recent studies (published within the past five 
years preferably), a broad range of technologies as well as a good geographic coverage of 
the Penta region. Overall, 49 studies were considered in the literature review and assessed 
regarding the methods they use, technological/sectoral as well as geographical coverage, 
DSR potential type and timeframe. Table A-1 in the appendix offers a full overview of the lit
erature analysed for this report.   

3.2 Results of desk research and grouping of identified methods 
according to methodological building blocks  

Figure 3-2 provides an overview of the literature. Most studies we analysed focused on DSR 
potentials in industry and had a national scope. In most cases, the studies assessed the 
technical or economic DSR potentials and focused on the status quo rather than a longer-
term future.  

Sectoral coverage: Within industry, steel, metal, paper, chemistry, cement, and food were 
the most represented branches. DSR in residential and commercial buildings was second to 
industry, with heating, ventilation and cooling the most widely covered technologies in this 
segment. Mobility relates to electric vehicles and studies focusing on storage, Power-to-X or 
other applications like data centres are summarised in the category ‘Other’.  

Geographical scope: Because of the framework of the project, the focus of our desk re
search was set on the Penta-region although some studies covering other EU-countries and 
the US were considered too. While nearly half of the studies have a national scope, only 
20% have a cross-border coverage. 
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Figure 3-2: Overview of sectors (top, left), geographical scope (top, right), assessed potential type (bot
tom, left) and time frame (bottom, right) covered by the analysed literature. 

Potential type: DSR potential assessment methods show a large heterogeneity in the defi
nition of potentials. While the terms theoretical, technical and economic potential seem to be 
quite accepted, the literature partly used different names or applied subcategories for the 
‘’achievable’ potential (such as ‘accepted’ ‘practical’, ‘realizable’, ‘feasible’ ‘socio-economic’ 
or even ‘market’ potential).11 Technical potential is most commonly assessed, but some 
studies do not specify what type of potential they look at.  

Timeframe: Most studies analyse the status quo of DSR potentials. This includes studies 
that use historical or empirical data for calculation without forecasts but also barrier analyses 
or publications on market design. Among studies that analyses future time periods, a time 
horizon of up to 20 years is most used.  

With regard to the methods used to assess DSR potentials in the literature, these can be 
grouped through the help of “methodological building blocks”, see Figure 3-3. We used two 
methodological dimensions to structure our mapping:  

• Top-down vs. bottom-up approaches: A typical methodological distinction can be 
made between top-down and bottom-up analyses. While top-down approaches focus 
on aggregated data sources and simplified modelling (aggregation by technology, in
dustry or markets), bottom-up approaches focus on collecting data and modelling at 
the level of specific assets or (market) actors. 

• Technical-data vs. market-data based analysis: Another fundamental differentia
tion can be made between methods that rely on an analysis of aggregated market 
data and methods that rely on an analysis of asset or actor specific technical data.  

While the distinction between top-down and bottom-up is a widely known separation used in 
many fields, the distinction between technical-data and market-data based analysis is one 
we suggest specially for this topic. The tech-data based analyses focus on the potential and 
characteristics of specific DSR technologies or processes, independently of markets or 
mechanisms in which they provide flexibility. Market-data based analyses however focus on 

 
11 Refer to Dranka, G., Ferreira, P. (2019) for further reading on different terms and definitions for DSR potential. 
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DSR offer and the performance of DSR as revealed on specific markets and mechanisms, 
without insights into specific technologies. 

 

Figure 3-3: Grouping of identified methods according to building blocks.12 

Our literature review reveals a focus on top-down methods, whereby most studies use a 
combination of methods to assess DSR potentials. Figure 3-4 to Figure 3-7 specify and 
briefly describe the methods identified as part of the literature review along the dimensions 
of Figure 3-3. Four of the methods identified in the literature – decomposition, scaling, mar
ket response and surveys – are particularly relevant in our point of view for the assessment 
of DSR potentials as it would be required for RAAs. They are highlighted in boxes in the fol
lowing graphs and will be described in more detail in the following section.  

The scaling and decomposition method can be used to assess the current and future theo
retical DSR potential (volume) which can be used as starting point to determine the load 
shedding and shifting potentials available to support adequacy. Surveys and market re
sponse analyses can provide insights into DSR volumes currently active in the DAM. Fur
thermore, surveys can provide insights into techno-economic characteristics and implemen
tation barriers of different DSR types which are all important input parameters for RAAs.  

 

Figure 3-4: Overview of identified methods considered as top-down approaches based on tech-data. 
 

 
12 Adding up the number in the quadrants adds up to more than the total number of analysed studies, because 
some studies combine different methodological instruments and were therefore double counted. 
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Figure 3-5: Overview of identified methods considered as bottom-up approaches based on tech-data. 

 

Figure 3-6: Overview of identified methods considered as top-down approach based on market data. 

 

Figure 3-7: Overview of identified methods considered as bottom-up approaches based market data. 
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3.3 Description of selected methods 

The following section describes the fours methods identified as particularly promising in 
more detail: 

3.3.1 Decomposition method (Top-Down/Tech-Data) 
Use case: The method is often used to approximate the theoretical DSR potential (volume) 
of entire branches/sectors based on annual electricity consumption.13 14 15 This top-down 
method uses published aggregated statistical data for entire sectors to calculate current and 
future potentials.  

Functioning of the method: Figure 3-8 shows the functioning of the decomposition method 
with the help of a flow-diagram. The theoretical DSR potential for individual branches of the 
industry sector or relevant processes/appliances in the tertiary and residential sector is cal
culated on an hourly basis using the decomposition method. In the case of industry, annual 
electricity consumption of a certain branch (e.g., the steel industry) is calculated by multiply
ing annual production (kt/y) with the average specific electricity consumption required to pro
duce. For the tertiary or residential sector, annual electricity consumption of a certain pro
cess (e.g. air conditioning in the tertiary sector) is derived from the share of the specific pro
cess in total electricity consumption of the sector. By using typical hourly load profiles and 
assumptions on full-load hours, the hourly electricity consumption for the respective DSR ap
plication is then calculated. The theoretical hourly DSR potential is derived through decom
position, i.e. by assuming a certain share of the electricity consumption is flexible. Future 
DSR potentials can be approximated by making assumptions on future production as well as 
on developments for process efficiencies and full load hours.16   

 

Figure 3-8: Decomposition method to determine national theoretical hourly DSR potential.17 

 

 
13 Gils, C. (2014) 
14 Gruber, A-M. (2017) 
15 Heitekoetter et al. (2021) 
16 Müller, T., Möst, D. (2018) 
17 Own illustration based on Gils, C. (2014) 







 

14 
 

ply curve, represents  the base case. To ensure that certainly all generation bids are ex
cluded for the MR analysis, the threshold for the supply curve is set to > 500 €/MWh. In this 
case the MR volumes correspond to the lower bound (min MR volume) To provide input for 
RAAs, historic development MR (volume) is extrapolated for future years. 

Limitations: The method is not able to distinguish between DSR in the form of load shed
ding and load shifting and to identify MR of individual DSR resources and their activation de
tails. Therefore, market response analysis also includes a survey (qualitative questionnaire) 
to get insights from market participants regarding activation details of DSR resources (num
ber of weekly27 activation and maximum activation duration). DSR resources that are “out-of-
market” or respond to price signals below the defined threshold are not captured. Future po
tential can only be determined by extrapolating historic development  

  

 

Figure 3-11: Market response analysis to determine current DSR active in the DA market.28 
 

 
27 The UCED model that Elia uses within its RAA (Antares) separates the 8760 h of a year into weekly intervals 
with hourly resolution. Therefore, the number of activations peer week is an important input parameter.  
28 E-Cube (2018) 
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Appendix 
Table A-1: Tabular overview of analysed literature 

Author Year Title Country 
scope35 Methods Sectors Timefra

me 

ADEME, E-
CUBE Strat
egy Consult
ants, CEREN 

2017 L’effacement de consommation 
electrique en France FR 

Load-shift mod
elling decompo
sition, literature 
review, survey 

Industry, 
Commerce 
and Trade, 
Other 

up to 20 
years 

Alstone et al. 2017 
2025 California Demand Re
sponse Potential Study, Chart
ing California’s Demand Re
sponse Future: Final Report on 
Phase 2 Results 

US (CA) 
Load-shift mod
elling decompo
sition, scaling 

Industry, 
Residential, 
Commerce 
and Trade, 
Mobility 

up to 20 
years 

Berger et al. 2011 
Demand Response Potential of 
the Austrian industrial and com
merce sector 

AT 
Survey, literature 
review, decom
position 

Industry, 
Residential, 
Other 

Status-quo 

Birrer et al. 2014 
Load Shift Potential Analysis Us
ing Various Demand Response 
Tariff Models on Swiss Service 
Sector Buildings 

CH 
Load-shift mod
elling, decompo
sition 

Industry, 
Commerce 
and Trade, 
Other 

Status-quo 

Bundesnetz-
agentur 2019 Monitoringbericht 2018 DE Survey Industry Status-quo 

Cadmus 2018 Demand Response Elasticities 
Analysis US Elasticity analy

sis 

Industry, 
Residential, 
Commerce 
and Trade 

Status-quo 

CE Delft 2016 Markt en Flexibiliteit- Hoofdrap
port NL Barrier analysis, 

case study 

Industry, 
Residential, 
Mobility 

up to 20 
years 

CEPA 2018 
Study on the Estimation of the 
Value of Lost Load of Electricty 
Supply in Europe 

EU VoLL Industry, 
Other N/A 

Connect En
ergy Eco
nomics 

2015 Leitstudie Strommarkt 2015 DE Barrier analysis N/A N/A 

de Bruyn et 
al. 2017 

LoadShift: Lastverschiebung in 
Haushalt, Industrie, Gewerbe 
und kommunaler Infrastruktur 
Potenzialanalyse für Smart 
Grids 

AT Literature review, 
barrier analysis 

Industry, 
Residential, 
Commerce 
and Trade, 
Mobility, 
Other 

Status-quo 

DNV GL 2020 
De mogelijke bijdrage van indus
triële vraagrespons aan lever
ingszekerheid 

NL 
Survey, Market 
response and bid 
analysis 

Industry up to 20 
years 

Dranka, Fer
riera 2019 

Review and assessment of the 
different categories of demand 
response potentials 

- Literature review - - 

E-Cube 2018 Market Response 2018 BL Market response 
and bid analysis - Status-quo 

Eid et al. 2016 
Time-based pricing and electric
ity demand response: Existing 
barriers and next steps 

EU Barrier N/A Status-quo 

 
35 Country scope does not imply a national/regional scope of a potential assessment. It can also refer to a corre
sponding area to the analysis.  




