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Executive summary 

The Dutch power system is in transition. However, the current system is not designed 

to cope with the increasing penetration of Variable Renewable Energy (VRE) and the 

rapid electrification of transportation and heating system as this transition requested. 

In order to maintain the reliability and stability of the power system while preventing 

costly investment, modifying demand patterns among consumers has become the key. 

This creates a growing need for demand-side flexibility. In many literature and pilot 

projects, the services which aimed to provide such flexibility are in general referred to 

as flexibility services. Simultaneously with the concept of flexibility service is the 

popularity of energy community. Currently, one of the most popular forms of such 

communities is the Citizen Energy Community (CEC), which had been widely 

discussed in the EU and recently defined by the Electricity Directive under the Winter 

package. When flexibility is produced and organized in the CEC, various values can 

be created to the community members and other actors in the power system. These 

services are considered to have the ability to support the integration of VRE and 

contribute to the ongoing transition in the Dutch power system. 

This study aims to address the two gaps in the literature on the topic of flexibility 

services in CECs: firstly, it discusses the definition and categorization of flexibility 

services, and explores how flexibility is organized in the Dutch power system. 

Secondly, the thesis identifies and quantifies the values which these services can offer 

to the actors in the Dutch power system with special attention given to the members of 

CECs. The main research question that this study aims to address is:  

“What values can flexibility services create to the Citizen Energy Communities and 

other actors in the Dutch electricity system?” 

To answer this question and the following sub-questions, this study adopts mixed 

methods, combining qualitative with quantitative research. Firstly, this study starts 

with a comprehensive literature review to collect information in the area of flexibility 

services in CECs and the values of these services. Secondly, this study adopts the 

quantitative approach. Two simulation tools, Artificial Load Profile Generator 

(ALPG) and Decentralized Energy Management toolkit (DEMKit), are modified to 

the use of this study. The combination of these two tools is used to quantify the 

available flexibility in the CEC. The output of this toolchain is combined with 

economic data to calculate the economic value created to the community members. 

The simulation and quantification are based on a case study of Interreg NWE funded 

project (588) Community-based Virtual Power Plant (cVPP). The cVPP Loenen (one of 

the cVPPs in the project) is considered as a CEC in this study. Additionally, this thesis 
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also incorporates another qualitative approach, which is semi-structured qualitative 

interviews with experts on the topic of flexibility. The interviews are used to evaluate 

the correctness and timeliness of the findings in the literature review and also serve as 

a complement to the literature review.  

The findings lead up to an answer for the main research question: for members of 

CECs, firstly, when implementing implicit flexibility services, economic, technical, 

environmental, and institutional values can be created. Given the current Dutch 

regulative context, for cVPP Loenen and the communities with similar scale and 

setting, ToU optimization at the community level (i.e. the service that helps the CEC 

to shift loads from high price intervals to low price intervals) is the service that can be 

implemented practically and, at the same time, offers the most economic value. The 

results from the simulation indicate that more than 20% of savings can be obtained in 

some cases. When the community has more Distributed Energy Resources (DERs), 

more flexibility can be unlocked and valorized, meaning more economic value of this 

particular service can be created. Secondly, when implementing explicit flexibility 

service, economic, institutional, and environmental values are created to CEC 

members.  

From the perspective of other actors in the Dutch power system, when implementing 

these flexibility services in CECs, mostly, technical and economic value can be 

created to the DSO, the TSO, and the BRP, respectively. 

 

 

 

 

 

 

 

 



 

vii 

 

Table of content 

 

1. Introduction ............................................................................................................ 1 

1.1 Background ..................................................................................................... 1 

1.2 Problem definition ........................................................................................... 4 

1.3 Research questions .......................................................................................... 5 

1.4 Research design ............................................................................................... 5 

2. Theory .................................................................................................................... 7 

2.1 Transition studies ............................................................................................ 7 

2.2 Multi-level perspective .................................................................................... 7 

3. Method ................................................................................................................. 11 

3.1 Research question 1 ....................................................................................... 11 

3.2 Research question 2 ....................................................................................... 13 

3.3 Research question 3 ....................................................................................... 15 

4. How can flexibility services be defined and how is flexibility currently organized 

in the Dutch electricity system? ................................................................................... 27 

4.1 Defining flexibility services .......................................................................... 27 

4.2 Categorization of flexibility services ............................................................ 32 

4.3 Flexibility in the Dutch electricity system .................................................... 38 

5. What values can flexibility services in the Citizen Energy Communities create to 

their members and other actors in the Dutch power system? ...................................... 64 

5.1 Values of implicit flexibility services ........................................................... 65 

5.2 Values of explicit flexibility services ............................................................ 72 

6. What economic value can flexibility services in the Citizen Energy Communities 

create to their members? .............................................................................................. 80 

6.1 Selection of flexibility service ....................................................................... 80 

6.2 Quantification of economic value ................................................................. 82 

6.3 Discussion ..................................................................................................... 93 

7. Conclusion and discussion ................................................................................... 95 

8. Limitations and future research ......................................................................... 100 



 

viii 

 

8.1 Limitation and assumption .......................................................................... 100 

8.2 Further research ........................................................................................... 101 

9. List of figures ..................................................................................................... 103 

10. List of tables ....................................................................................................... 104 

11. Reference ........................................................................................................... 105 

12. Appendix A: Definition of flexibility in literature ............................................. 118 

13. Appendix B: List of community projects in the Netherlands concerning the use 

of flexibility ............................................................................................................... 120 

14. Appendix C: Consent form for participation in research ................................... 122 

15. Appendix D: Interview guide ............................................................................. 123 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ix 

 

List of abbreviations 

ACM Autoriteit Consument en Markt (Authority consumers and markets) 

aFRR Automatic Frequency Restoration Reserve 

BRP Balancing Responsible Party 

BSP Balancing Service Provider 

CEC Citizen Energy Community 

CHP Combined Heat and Power Plant 

DER Distributed Energy Resources 

DSO Distribution System Operator 

ENTSO-E European Network of Transmission System Operators for Electricity 

ETPA Energy Trading Platform Amsterdam 

EV Electric vehicle 

FCR Frequency Containment Reserve 

FME Association of Mechanical and Electrical Engineering  

GHG greenhouse gas  

GOPACS Grid Operators Platform for Congestion Solutions 

HP Heat pump 

HV High Voltage 

ISP Imbalance Settlement Period 

LFC Load Frequency Control 

LV Low Voltage 

MAE Mean average error 

mFRR Manual Frequency Restoration Reserve 

mFRRda Manual Frequency Restoration Reserve direct activated 

mFRRsa Manual Frequency Restoration Reserve scheduled activated 

MLP Multi-Level Perspective 

ODE Opslag Duurzame Energie (Sustainable energy tax) 

PV Photovoltaics 

TSO Transmission System Operator 

USEF Universal Smart Energy Framework 

VAT Value Added Tax 

VRE Variable Renewable Energy 



 

1 

 

 

1.  Introduction  

1.1 Background  

Climate change is one of the most serious issues facing humanity today. Not acting 

now to mitigate it will lead to an extensive increase in the temperature of the Earth's 

surface with the dangerous consequence of altering the balance of the ecosystem 

(IPCC, 2019). Human activities are considered to be the main cause; in particular, the 

energy sector has been identified as the primary source of enormous greenhouse gas 

(GHG) emissions. In the European Union (EU), the energy sector alone is responsible 

for 77.9% of GHG emissions (European Environment Agency, 2019). Although the 

2020 Climate and Energy Package was introduced with clear approaches to achieve a 

20 % reduction in emissions and indeed the EU member states have decreased already 

24.4 % in 2016 comparing to 1990, the pace of this change is still not fast enough to 

prevent the ever-increasing global temperature. For this reason, a fundamental change 

in the way societies fulfills their needs is necessary. For the electricity system, it 

implies a rapid transition from the centralized fossil-fuel based system to a 

decentralized clean-energy based system (Wieczorek & Berkhout, 2009).  

To decarbonize the power system, a variety of technologies have been developed and 

deployed on a large-scale, including renewable generation technologies, storage 

technologies, ICT systems, smart grids, etc. Among them, the implementation of 

renewable generation such as solar photovoltaics and wind power is seen as the 

keystone to drive this transition. However, although some progress has been made, the 

transition has not yet happened. One of the most important reasons for this is 

“technological focus.” An equally radical change of the unsustainable behaviors and 

practices is needed in parallel to technological innovation. 

Shifting unsustainable practices to sustainable alternatives however are complex 

processes and multi-dimensional (Elzen & Wieczorek, 2005). The transition in the 

electricity system cannot be achieved solely by the development and implementation 

of technologies. To understand the complexity of the system and also the various 

dimensions of this transition, socio-technical system comes as a useful concept. 

Socio-technical systems are defined as an interplay of technical and social elements 

that are necessary to fulfill societal functions such as energy supply (Geels, 2004). 

These two are considered to be highly interrelated and are able to influence each 

other. Although technology such as PV generation plays a critical role in performing 

societal functions (supplying electricity in this case), the technology on its own can do 

nothing (Geels & Schot, 2007). The transition will not happen if the technological 
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solutions are only considered without the social context. Thus, in order to accelerate 

the transition, changes in policies, industry structures, and also, citizen’s values and 

practices are indispensably needed. However, the current socio-technical system is 

designed for fossil fuel-based, centralized produced and delivered electricity. Thus, 

the policies and regulations, market and user practices, infrastructure base and 

industry structure, etc., all of them together have formed the incumbent socio-

technical regime that reproduces itself and prevents the system from radical change. It 

acts as a rigorous selection environment that hinders the further transition in the 

system which has led to various problems, among them, the most urgent and 

important one is the integration of VRE (Variable Renewable Energy).  

Traditionally, the electricity system has operated in a centralized way (Verbong & 

Geels, 2007). By planning in advance, large electricity production companies could 

modify their production output according to the demand patterns of their end-users. 

The generation part of the system was designed oversized to provide, in a reliable and 

cost-effective manner, enough flexibility to cope with variability and uncertainty in 

the power system. However, at the moment, due to the pressure from climate change, 

more VRE is being integrated into the system as a solution. After the integration of 

these intermittent, non-dispatchable, and unpredictable sources, together with the 

decommission of fossil-fuel based power plants, which are all required to complete 

the transition, flexibility in the electricity system has been decreasing drastically, 

putting huge challenges for grid operators (e.g. congestion issues, voltage problems). 

Thus, in order to support the integration of VRE in a cost-effective manner, the 

modification in the demand patterns among consumers has become the key to solve 

the problem. This modification is called demand-side management or demand-side 

flexibility management, which has been widely discussed in both industry and 

academia (Davarzani et al., 2018; Haque et al., 2019; IRENA, 2018; USEF, 2015, 

2018). 

Solutions that could help to provide demand-side flexibility are, at the moment, of 

utmost importance for the electricity system (Hillberg Antony Zegers et al., 2019). 

The demand side refers to all clusters of consumers, including both large-sized 

consumers (industrial and big commercial users) and small-sized consumers 

(residential and SME users). In the Netherlands, the flexibility potential of large-sized 

consumers has already been unlocked and actively leveraged in the power system for 

many years. However, the potential in small-sized users has never been truly 

discovered, and this is because individual household and SME normally do not have 

the adequate scale and technical supports to participate in the related markets to 

provide their flexibility. To this end, in recent years, a new actor - aggregator, is 

introduced and largely promoted by the EU. It could act as a role of flexibility retailer, 
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pooling and controlling large amounts of flexibility devices and appliances owned by 

individual consumers and providing it to the system (Burger et al., 2016; Koponen et 

al., 2012; Lampropoulos et al., 2018; Poplavskaya et al., 2018). The role of aggregator 

has empowered small users with limited capacity and controllability to participate in 

different markets, so the enormous potential in them could be unlocked for the first 

time (Burger et al., 2016; Eid et al., 2015; USEF, 2018).  

Simultaneously with the concept of the aggregator is the popularity of energy 

community at both policy level and in society (Bauwens, 2016; Caramizaru & 

Uihlein, 2019; Gui & MacGill, 2018; E. Klaassen & Van Der Laan, 2019). Many 

citizens started to notice their ability and the benefits in balancing their own demand 

and supply, they seek to decide the way their electricity (flexibility) is produced, 

managed and consumed, and they criticize the fact that there are too many restrictions 

limiting them from participating in the electricity markets (FLEXCoop Project, 2020). 

Acting alone, however, individual citizens do not have the capacity to make changes. 

Therefore, many of them have come together in a variety form of energy communities 

in a bottom-up manner to promote the changes they want based on their own values 

and needs (Bauwens, 2016; Gui & MacGill, 2018). These communities have different 

types and names, all of them referring to slightly different settings (Caramizaru & 

Uihlein, 2019; Gui & MacGill, 2018; Roberts et al., 2019). Currently, one of the most 

popular type is the Citizen Energy Community (CEC), which has recently been 

defined by the Electricity Directive under the Winter package (European Parliament, 

2019a). There are many different activities that can be carried out in CECs from joint 

purchasing to management of local grids. When a CEC starts to get involved in the 

activities such as optimizations of members’ energy use or activities related to power 

aggregation, the flexibility potential in these members can be unlocked and organized, 

which will improve the existence of flexibility in the power system, thereby 

improving the stability of the grid. Another advantage is that compared to the 

arrangement of aggregator, the community can also use the flexibility to optimize the 

production and consumption within the community, and it does not necessarily need 

to offer the produced flexibility to other parties (like aggregator does).  

Therefore, it can be said that bringing together citizens in the form of CEC can 

provide flexibility to cope with the problems brought by the large-scale integration of 

VRE, thereby contributing to the transition in the electricity sector from the 

centralized fossil-fuel based system to a decentralized clean-energy based system 

(Elzen & Wieczorek, 2005). 
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1.2 Problem definition  

The problem that forms the basis of this research is twofold. Firstly, as mentioned in 

the last section, the current electricity system is not designed to cope with the 

increasing penetration of VRE and the rapid electrification of transportation and 

heating system as the energy transition requested. In order to maintain the reliability 

and stability of the electricity system while preventing costly investment, modifying 

demand patterns among consumers (prosumers) has become the key. This creates a 

growing need for demand-side flexibility. The services which aimed to provide such 

flexibility are mentioned in different scientific literature and project reports as 

“flexibility services.” However, until now, “flexibility services” is not a unified term 

and is lacking a commonly accepted understanding. The second problem follows from 

the first one: flexibility services in Citizen Energy Communities, is considered as one 

of the most important elements for fully exploiting the flexibility potential among the 

consumers (prosumers), thus having the potential to contribute to the socio-technical 

transition in the electricity system. However, until now, the values these services can 

bring to the community members and other actors in the Dutch electricity system have 

not been clearly identified. 

Thus, this study aims to address the two gaps in the literature on the topic of 

flexibility services in Citizen Energy Communities: firstly, it discusses the definition 

and categorization of flexibility services, and explores how flexibility is organized in 

the Dutch power system. Secondly, the thesis identifies and quantifies the values 

which these services can offer to the actors in the Dutch electricity system with 

special attention given to the members of CECs. 
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1.3 Research questions  

The main research question that this study aims to address is:  

“What values can flexibility services create to the Citizen Energy Communities and 

other actors in the Dutch electricity system?” 

To answer the main research question, a number of sub-questions are identified: 

1) How can flexibility services be defined and how is flexibility currently organized 

in the Dutch electricity system?  

 

2) What values can flexibility services in the Citizen Energy Communities create to 

their members and other actors in the Dutch power system? 

 

3) What economic value can flexibility services in the Citizen Energy Communities 

create to their members? 

 

1.4 Research design   

To answer the main research question and the following sub-questions, this study 

adopts mixed methods, combining qualitative with quantitative research. To build an 

understanding of the topic of flexibility services, this thesis adopts an exploratory 

research approach. Firstly, this study starts with a comprehensive literature review to 

collect information in the area of flexibility services in CECs and the values of these 

services. Secondly, this study adopts the quantitative approach, two simulation tools 

developed by other researcher are modified to the use of this study, different data 

including the output from these tools are used to calculate the economic value of 

flexibility services. Additionally, this study also incorporates another qualitative 

approach, which is semi-structured qualitative interviews with experts on the topic of 

flexibility. The interviews are used to evaluate the correctness and timeliness of the 

findings in the literature review and also serve as a supplement to the literature 

review. Basing on all knowledge acquired from the aforementioned research methods, 

this study attempts to identify and quantify the values which flexibility services in 

CECs can offer to the actors in the Dutch electricity system with special attention 

given to the members of CECs. A visualization of the research design is presented in 

Figure 1 below. 
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Figure 1 An overview of the research design 

The main research question and the following sub-questions SQ1, SQ2, and SQ3 are 

answered by a comprehensive literature review, several semi-structured interviews, 

and a simulation work. The method used for each question will be explained in detail 

in Chapter 3. 

In this report, following Chapter 1, Chapter 2 will present the theoretical framework 

in which part of the research is built on. The framework is used as a lens to 

structurally analyze the dynamic and complexity of the Dutch electricity system and 

give an answer to the first research question. Chapter 3 will elaborate on the method 

including data collection method and data analysis method used for answering each 

research question. Chapter 4 can be divided into two parts. First, a clear definition and 

categorization of flexibility services will be presented. Next to this, the organization 

of flexibility in the current Dutch electricity system will be investigated. Chapter 5 

contains an analysis of the values which these flexibility services can offer to the 

actors in the Dutch electricity system with special attention given to the members of 

CECs. In Chapter 6, the economic value of flexibility services in CECs will be 

investigated. Chapter 7 will summarize the findings during the research and present a 

discussion on the topic. Next to this, Chapter 8 will elaborate on the limitations in this 

study and recommendations for future research. 
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2.  Theory  
Several theoretical concepts including an analytical framework will be used in this 

study to help answer the research questions. This chapter will explain the theoretical 

concepts which will be used in this study to frame and analyze the dynamics of the 

Dutch electricity system at this constantly changing point under the energy transition. 

2.1 Transition studies  

The transition studies provide tools for scholars to understand the complexity of the 

transformation to a sustainable system in the background of the late 80s when the 

United Nations, for the first time, emphasized the importance of the sustainable 

development (WCED, 1987). 

Technological transition is described as “major technological transformation in the 

way societal functions are fulfilled” (Geels, 2002). In this definition, transition 

concerns not only the technological elements but also societal elements. Hughes 

(1987) first used the metaphor of the ‘seamless web’ to combine material, natural 

resource, organization, institution, and scientific element, and indicated that 

technology could only function when associated with other elements. Rip & Kemp 

(1998) later analyzed technology as configurations that align societal and 

technological elements. Then the transition of technology is embedded in the 

transition from one socio-technological system to another. However, the transition 

cannot take place easily because the sets of heterogenous elements are closely aligned 

to the existing system and can hold back the transition process. The new technologies 

are often challenged because of the mismatch with the existing societal context 

(Geels, 2002). To better understand the mismatch and to overcome it, Rip & Kemp 

(1998) introduced the concept of multi-level perspective (MLP). Geels then 

completed the framework with the insights taken from the evolutionary economics 

theory (Nelson & Winter, 1982) and institutional theory (Scott, 1995). 

2.2 Multi-level perspective 

Multi-level perspective or MLP is an analytical framework that understands transition 

as the interaction between the development of the different levels in the ST system. 

To conceptualize the complex dynamic, it divides the ST system into three levels 

(landscape, regimes, and niches) in the nested hierarchy. Niches at the micro-level are 

embedded in the regimes at the meso-level, and macro-level landscape acts as an 

environment for the subordinated two levels. The relationship between different levels 

is shown in Figure 2 below (Geels, 2002). 
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Figure 2 Nested hierarchy of the multi-level perspective (Geels, 2002) 

1) Socio-technological Landscape on the macro-level 

The Socio-technological landscape is an exogenous environment for the interaction of 

a set of heterogeneous factors (Geels, 2002). Van Driel & Schot (2005) distinguished 

three types of factors: the stable or slow-changing factors (e.g. climate change), the 

long-term changes (e.g. industrialization, urbanization), dramatic changes (e.g. oil 

price fluctuation, war). From the perspective of regimes and niches, landscape can be 

understood as the physical, technical, and material context which can exert influence 

on them. Whereas, the two lower levels cannot have direct influence on the landscape.  

It is worth mentioning that the influence from landscape needs to be perceived and 

translated by actors into actions to be materialized. These actions, more specifically 

economic and technical actions, are conducted by different social groups following 

the cognitive routine, which suits the definition of ‘technological regime’ brought up 

by Nelson & Winter (1982). Later, Rip & Kemp (1998) extend the concept of 

technological regime by replacing the routine as a series of actions guided by a set of 

sociological rules and therefore extend the social group to a broader context that 

involves the user, policymaker, institution, scientist, and engineer, etc. Geels then 

defined the socio-technological regimes by combining the institutional theory of Scott 

(1995) (Geels, 2002). 
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2) Socio-technological regimes on the meso-level  

The socio-technological regime is a ‘deep structure’ which is formed in response to 

the need of the past. The set of cognitive rules, normative rules, and formal rules 

derived from the past practice are embedded widely in this structure by giving 

guidance and by setting restrictions on the activities of the different social groups. 

Within the same regime, different groups have different interpretations of the rules 

and problems, thus offer different solutions. However, the variety of solutions 

eventually is screened by the internal negotiation and coalition. Regimes, in this way, 

create stability in the system and function as a selection and retention mechanism 

(Geels, 2004). The result of the selection will be reproduced and leads to 

technological trajectories that would develop in a predictable direction in a stable 

environment. Since the selected groups in the trajectories attract most resources, due 

to self-interest, they will actively resist the radical innovation that might share their 

resource. In this case, only incremental innovations could occur in stable regimes. 

 

3) Technological niches on the micro-level 

While incremental innovation occurs in the regime, radical innovation is incubated in 

the niches, a “protective space” isolated from the normal selection of the regime 

(Scott, 1995). As bottom-up alternatives to the regimes, niches share similar structures 

with regimes, only with smaller networks and less stable ruleset in the forming phase.  

Figure 3 explains the dynamic development of three levels in the process of transition. 

 

Figure 3 Dynamic multi-level perspective on technological transitions (Geels, 2002) 
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On the top of the graph, the long-dotted arrows represent the slow development of the 

landscape. The changes on the landscape level may cause pressure on the regime and 

lead to an imbalance in the internal dynamics of the regime. The interconnected seven 

dimensions, shown in the heptagon, can describe the dynamic of the regime. The 

scattered short arrows give an impression of the tension between different dimensions 

that creates ‘windows of opportunity’ for novelty. On the bottom of the graph, clusters 

of arrows represent new technologies which nest in the niche level and are 

experiencing rapid development with a variety of possibilities. The highlighted 

slanted long arrow shows the impact of the new technology integrates into the 

mainstream. After a short period of adjustment, the dynamic is rebalanced within the 

different dimensions, and a new shape of the regime is formed (Geels, 2002). 

In this study, MLP will be used to synthesize the existing knowledge in the literature 

and frame the flexibility & electricity system as a social-technical system. This social-

technical system is divided into three analytical levels that are discussed separately. 

Among them, the landscape will describe how the contextual and exogenous factors 

such as climate change are pressuring and influencing the flexibility & electricity 

system. The regime level will reflect how most flexibility is predominantly produced 

and organized in the Netherlands. The niche will describe the alternative solution of 

producing and organizing flexibility. 
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3.  Method  

3.1 Research question 1 

3.1.1 Data collection  

The first research question “How can flexibility services be defined and how is 

flexibility currently organized in the Dutch electricity system?” was answered based 

on an in-depth literature review. Sources from both scientific and grey literature were 

scanned to identify the most relevant information for the purpose of the study. For 

scientific papers, Scopus was used as the main source. For the first part of the 

question (how can flexibility services be defined), the search terms selected were 

“flexibility AND definition” in the subject area of “Energy” and have yielded 252 

publications for analysis. In the second part (how is flexibility organized in the Dutch 

electricity system), the search terms chosen were “electricity system,” “electricity 

market,” “Netherlands,” and “flexibility.” Different combinations of these terms were 

used to find the most relevant literature. When describing how flexibility is produced 

and organized, this study discussed it in terms of actors involved, institutions 

imposed, and physical infrastructure used (this will be further explained in the data 

analysis section). Due to the fact that the scientific literature did not provide sufficient 

and up-to-date information, especially when it came to the latest laws and regulations 

concerning the use of flexibility and the latest information related to the subjects such 

as new roles and tasks of actors, the literature was further complemented with the 

review of the reports of different organizations, the information presented in the 

government website, legislative texts of laws and regulations of the Netherlands as 

well as legislative texts of the European Union. Some original documents of grey 

literature used are in Dutch, e.g. ACM codes. They were translated into English using 

translator before the analysis. The grey literature used in the first research question 

was summarized in Table 1 and Table 2 below. The composition of the list of 

institution in Table 1is based on a web search (especially the report in Bird & Bird 

LLP website which gives a structured guide to electricity regulation in the 

Netherlands), and complemented by the observations from informal talks at Qirion. 

The composition of the actor list in Table 2 is based on the knowledge gained by the 

author of this study during the literature review phase. In addition, the literature was 

expended with snowballing technique to find more relevant papers. 
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Table 1 Summary of grey literature used in discussion of regulations in the first research question  

Related subject Source 

General introduction  (Dingenen & Besseling, 2020) 

Electricity Act 1998  (Elektriciteitswet, 2019) 

Clean energy for all Europeans package (European Commission, 2019; European 

Parliament, 2018, 2019b, 2019a) 

ACM codes (ACM, 2020; Ochu, 2012; Overheid.nl, 2020a, 

2020b) 

Climate Act (Government of the Netherlands, 2020a; 

Klimaatwet, 2019) 

National Climate Agreement (Government of the Netherlands, 2019, 2020a) 

Renewable Energy Support Scheme SDE+ (Netherlands Enterprise Agency, 2020; the 

Ministry of Economic Affairs and Climate 

Policy, 2020) 

Tax system (Belastingdienst, 2020; Government of the 

Netherlands, 2020b) 

The net metering scheme (milieucentraal, 2019; PWC, 2016; 

Rijksoverheid, 2019) 

the postal code scheme (ECoop, 2020; hieropgewekt.nl, 2017) 

Tax reduction for EV charging point (Belastingdienst, 2020) 

 

Table 2 Summary of grey literature used in actor analysis in the first research question 

Actors discussed  Sources  

General introduction  
(Netbeheer Nederland, 2019; Tennet, 2018; 

TenneT, 2020a) 

Producer  
(ECN & Alliander, 2017; Slingerland et al., 2014; 

Tennet, 2018) 

Consumer & Prosumer 
(ECN & Alliander, 2017; Tennet, 2018; USEF, 

2018) 

TSO 
(Müller, 2019a, 2019b; SON-SY, 2019; TenneT, 

2019b, 2020b, 2020d, 2020c) 

DSO 
(GOPACS, 2019; Netbeheer Nederland, 2019; 

TenneT, 2020c; USEF, 2015, 2018) 

Aggregator  (USEF, 2015, 2018) 

BRP (Tennet, 2018; TenneT, 2019b, 2020b) 

CEC (FLEXCoop Project, 2020; USEF, 2015) 

Supplier  (USEF, 2015, 2018) 

 

3.1.2 Data analysis  

For the first part of the question, in order to propose a potential definition of 

“flexibility services,” this study first discussed the definition of “flexibility” in the 

literature and how it can be provided as “services” separately and then articulated 

these two concepts together to draw the final conclusion. 

For the second part of the question, insights from transition studies and the multi-level 

perspective (MLP) were used to synthesize the existing knowledge in the literature 

and frame the flexibility & electricity system as a social-technical system. This social-
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technical system was divided into three levels (landscape, regime, and niche level) 

and discussed separately. Among them, the regime level, which reflects how 

flexibility is predominantly being organized was discussed by mapping the key actors 

involved in producing, trading or using flexibility, by identifying the critical 

infrastructure which forms the basis for flexibility activities, and by analyzing the 

foremost institutional factors that are currently regulating or influencing the 

incumbent flexibility & electricity regime. 

3.2 Research question 2 

3.2.1 Data collection  

The second research question “What values can flexibility services in the Citizen 

Energy Communities create to their members and other actors in the Dutch power 

system?” was answered based on literature review and semi-structured qualitative 

interviews. The answers to this question aim to investigate which flexibility services 

can be carried out in practice in CECs in the Netherlands and what values can each 

type of service creates to their members and other actors in the Dutch electricity 

system. 

The knowledge base needed for preparing the interviews was built with the use of 

both scientific literature and non-academic sources. For scientific papers, Scopus was 

used as the main source. The search terms selected were “flexibility service,” 

“flexibility,” “value,” “community.” Since the searching results of the 

beforementioned terms were mainly focusing on the explicit flexibility services, the 

terms “HEMS OR home energy management system” was added to also include 

implicit flexibility services. When finding the literature related to the values of 

flexibility services to other actors, the searching terms “DSO,” “TSO” and “BRP” 

were added to narrow down the scope of the sources. In addition, the literature was 

later expended with snowballing technique to find more relevant papers. 

After the literature review, semi-structured interviews with the experts in the field of 

flexibility services or markets were conducted, the aim of the interviews was twofold:  

(1) to evaluate the correctness and timeliness of the findings during the literature 

review regarding the feasibility of carrying out each service in CECs in the Dutch 

regulative context 

(2) to serve as a supplement to the literature review regarding the values of each 

flexibility service  

The participants were representatives from Alliander (the DSO), Qirion (energy 

consulting company), ICT group (energy consulting company), and project leader of a 
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CEC in the Netherlands. A summary of stakeholders and interviewees is presented in 

Table 3 below. 

Table 3 Overview of the stakeholders and interviewees 

Interview Stakeholders Representative’s function Date 

Interview A CEC Project leader    08-06-2020 

Interview B Energy consulting company Flexibility services specialist 10-06-2020 

Interview C DSO  Energy consultant in flexibility trading 12-06-2020 

Interview D Energy consulting company Energy consultant  30-7-2020 

 

The interviewees were selected in this way because the stakeholders they represent 

have all been actively involved in flexibility related projects. At the same time, they 

can represent different perspectives. The chosen CEC has been striving for carrying 

out different flexibility services in the community thus having comprehensive real-life 

experience on the topic; ICT group as a consulting company has been supporting the 

establishment of various energy communities concerning the use of flexibility in 

recent years, so they are also perfectly suitable for answering the questions especially 

when it comes to the technical aspect of flexibility services; Alliander as the DSO is 

the actor who will be most influenced by the introduction of flexibility services in 

CECs, and they are one of the leading parties in developing and implementing 

different frameworks and markets to support flexibility trading. In addition, another 

reason why these specific interviewees were selected is the fact that most of them 

have multiple positions and experiences, which makes them have a more 

comprehensive understanding on the topic. For example, in interview B, the 

interviewee is not only a flexibility specialist who has been giving technical supports 

as part of the project team to energy communities but also a member of the design 

team of Universal Smart Energy Framework (USEF). USEF is a market model for the 

trading and commoditization of flexibility, which has been predominantly used in 

flexibility trading in the Netherlands in recent years. In this study, USEF will be used 

throughout the report to provide insights and contexts. In a word, their multiple 

positions and the stakeholders they are representing have made them the ideal person 

to answer the second research question of this study. 

The interview was partially structured, though the researcher was prepared to adapt 

the questions to the direction of the conversation. The structure of the interview and 

the questions asked were collected in Appendix D: Interview guide.  
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3.2.2 Data analysis  

The literature review technique used in this research question was secondary data 

analysis. The data obtained from both scientific literature and formal reports were 

used to synthesize the existing knowledge on the values of flexibility services in the 

Citizen Energy Communities. Because this study mainly focuses on the Dutch 

context, the semi-structured qualitative interviews were added to reflect the current 

situation and future expectations with regard to the practical implementation of 

flexibility services in CECs. 

Basing on the data obtained from the literature review and the interviews, different 

values of CEC’s flexibility services to their members and to other actors in the Dutch 

electricity system were identified and discussed. 

 

3.3 Research question 3 

The third research question was answered primarily based on the results derived from 

the simulation tools – Artificial Load Profile Generator (ALPG) and Decentralized 

Energy Management toolkit (DEMKit). The combination of these two tools was used 

to quantify the available flexibility in CEC. The output of this toolchain was 

combined with economic data to calculate the economic value of flexibility services 

in the community.  

To explain the method used for this question in a more clear way, firstly, an 

introduction of the simulation tools will be presented; secondly, data collection 

process will be explained, in which two different groups of data, namely, data for 

technical simulation and data for economic analysis will be presented separately; 

thirdly, the data analysis method will be explained; and fourthly, since this question 

was answer based on a case study of an energy community project, a detailed 

description on the project and the community will be given. 

 

3.3.1 Toolchain explanation 

In order to better explain why this toolchain was chosen, how it could be used to 

quantify the available flexibility, how it could be coupled with economic data to 

generate information needed to answer this question and what kinds of data were 

needed as input to execute the tools, a detailed explanation of the tools is provided 

below. 
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Artificial Load Profile Generator (ALPG)  

ALPG is a simulation tool developed by the University of Twente, coded in python 

language. The tool was developed to compare the performance of different Demand 

Side Management (DSM) approaches (Hoogsteen et al., 2016). For the purpose of this 

study, ALPG was used to generate high-resolution energy profiles of the chosen 

community together with detailed information about the available flexibility that the 

community could offer. In this study, energy profiles are described as the curve of 

production and consumption patterns of the community (or community members) 

over time. The output of ALPG was then used as an input for DEMKit. DEMkit used 

these data (together with other data) to perform control and simulate the energy 

profiles after optimization in the chosen community (Hoogsteen, 2017; Hoogsteen et 

al., 2016). In a word, ALPG simulates energy profiles of the community before 

optimization, and it also gives information about the flexibility potential in the 

community. While DEMkit uses the output data from ALPG and simulates the energy 

profiles of the community after optimization. In this sense, these two tools were used 

together as a toolchain. In this study, ALPG was chosen because of the accuracy of 

simulated results presented in a case study of 81 households in Lochem. It was found 

that the simulated energy profiles closely resemble the measurement data obtained 

from the transformer and households. When comparing these two sets of data for a 

single day (at the community level), the MAE (Mean Absolute Error) for the minute 

to minute fluctuations is only 157W, proving the accuracy of the tool selected 

(Hoogsteen et al., 2016).   

The simulation process of ALPG starts by generating a completed model of the 

chosen community. This model includes information about device, person, house, 

household, and neighborhood, which collectively build up the full picture of a 

community. For each household, the number of residences, the age of each residence, 

if and how many children the household has, will be determined in the first place. The 

availability of certain devices in the household will be chosen based on probability 

depending on the specific household type. For each person in the household, an 

occupancy profile, which describes the behavior pattern of this individual residence, 

will be modeled considering the factors such as employment status, age category, 

commuting distances (if applicable), and customs such as wake-up time, the different 

routines between weekend and weekday will also be taken into account (Hoogsteen et 

al., 2016). After this, a randomization process is added for simulating the spontaneous 

behavioral changes such as a day off or shopping day to mimic real-life practice 

(Hoogsteen, 2017; Hoogsteen et al., 2016). The occupancy profile generated in the 

last step will then be used to create consistent profiles for the devices, meaning that 

the devices which need user interaction can only be activated when a person is 
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presented at home. After the model of individual household and the corresponding 

person is generated, the devices which can provide flexibility will be distributed 

among these households: PV penal will be randomly distributed, the battery system 

will be assigned to the households having PV installed in the previous step. EV 

(PHEV) will be assigned to the households in which the inhabitants have a job and 

with the largest commute distance (Hoogsteen et al., 2016). Up until now, the 

completed model of the chosen community is established. The simulation will then 

start; the process is presented in Figure 4 below. 

 

Figure 4 Flow-chart of the simulation process (Hoogsteen et al., 2016) 

The input of ALPG includes (but is not limited to) penetration level of emerging 

technologies (e.g. EV, PV) in the chosen community, detailed technical specifications 

of all devices (e.g. rated power and capacity of battery), household types, and data 

such as geographical location. It means a scenario, which closely resembles the reality 

of the chosen community, can be set up using real solar irradiation, actual location, 

actual weather data, actual technical details of devices and actual demographic data in 

that community, making the simulation results much more accurate.  

The output of ALPG can be divided into two parts: the flexible part and the inflexible 

part. The inflexible part includes several comma-separated values (CSV) files that 

specify the average electricity consumption for static loads (e.g. electronics, lighting, 

standby, and also static load on the aggregated level) in watts in 1 min interval for 

each of the households. The flexible part is written in a number of Text files, 

providing information about the flexible devices depending on their specific type, for 

example, for electric vehicle, the information of flexibility is described by ‘jobs’ with 

a starting time, ending time in 1-second precision and the required energy demand in 
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watt-hour. In ALPG, the flexible devices are categorized into four generic classes, i.e. 

“Buffer”, “Timeshiftable”, “Buffer-timeshiftable” and “curtailable”, so it would be 

easier to describe all available appliances using limited agents and corresponding 

optimization algorithms (Hoogsteen, 2017; Hoogsteen et al., 2016).  

To sum up, ALPG was used to generate energy profiles of the chosen community 

(before optimization) with detailed information about the flexibility community could 

offer. For the purpose of this study, the tool was adapted to the needs of the case 

study, the information and data generated by ALPG were then connected to DEMkit 

as input to perform optimization. 

 

Decentralized Energy Management toolkit (DEMKit)  

DEMKit is a platform also developed by the University of Twente, coded in python 

language. The tool is used to simulate control in smart grids. By doing so, it can 

evaluate (and compare) the performance and correctness of (different) optimization 

algorithms of DSM systems (Hoogsteen, 2017; Hoogsteen et al., 2019). For the 

purpose of this research, DEMKit was used to simulate the entire model of the smart 

grid of the chosen community, perform control, and generate the energy profiles after 

optimization. These optimized energy profiles were then coupled with economic data 

to quantify the economic value of flexibility services for members in the community. 

The reason for choosing this tool are threefold. Firstly, DEMKit is designed not only 

to consider electricity but also heat as energy carriers, so the interplay between these 

two can be simulated at the same time, this is the so-called simulation of multi-energy 

systems (MES) (Hoogsteen et al., 2019). Since more than 60% of energy consumption 

in buildings is for heating purposes (European Commission, 2020), it is important also 

to include heating during the simulation. Secondly, in contrast to pure simulation 

platforms such as Mosaik (Schütte et al., 2011), DEMKit has its own built-in control 

strategy; thus, it can reduce the workload by avoiding writing algorithms for 

optimization or integrating other optimization algorithms into the platform. Thirdly, 

the output of ALPG can be used seemingly with DEMKit, making the whole 

simulation process much convenient. 

DEMKit follows the TRIANA approach. TRIANA approach is a three-step control 

strategy for (decentralized) smart grid, which consists of prediction, planning, and 

real-time control (for more information about TRIANA, please refer to (Bakker, 2012; 

van der Klauw, 2017)). DEMKit uses a bottom-up approach for modeling work, in 

which every device, control algorithm, and physical infrastructure are modeled 

separately. These models (device, controller, and grid) are called components. Among 
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them, the component “device” describes basic behaviors (internal logic for operation) 

of each device when there is no external control; the component “grid” simulates the 

physical flow of the energy and infrastructural constraints (e.g. limitation of cables, 

transformer), the component “controller” describes the logic for optimization 

(Hoogsteen et al., 2019). There are currently five different control logic (i.e. 

optimization strategy) integrated into DEMKit, including profile steering, real-time 

pricing, double side auction, planning based auction, and valley filling approach 

(Hoogsteen et al., 2019). For the purpose of this study, real-time pricing was chosen 

as the optimization strategy. The reason for choosing this strategy will be discussed in 

the answer part.  

The output of DEMKit (the energy profiles of the simulated community after 

optimization) was then extracted and coupled with economic data for quantification of 

economic value. This will be further discussed in the data analysis part. 

 

3.3.2 Data collection  

Data for technical simulation 

Data for technical simulation was used to set up the scenarios, which describe the 

current or desired situation of the chosen community and determine the specific 

control strategy. These data include the penetration level of emerging technologies 

(e.g. EV) in the community, technical specification of the devices and appliances in 

the community (e.g. the capacity of batteries), geographical location of the 

community, demographic data of the community, predictability of the members in the 

community (e.g. how often do families in the community go out for weekend 

activities), hourly solar irradiation data of the place where the community is located. 

These data were mainly provided by Qirion, a company that has been involved in 

designing and operationalizing the project of the chosen community. Qirion had 

obtained these data through questionnaire surveys on the residents of the village and 

the project participants before the start of this research. A summary of the data source 

for technical simulation is presented in Table 4 below. Since the simulation work was 

based on a case study of a community, a detailed description of the data used, data 

source, and the assumptions made will be provided in the case study section below. 

Table 4 A summary of the source of data for technical simulation  

Data  Source 

Penetration level of emerging technologies 
Qirion  

(community surveys + assumption) 

Technical specification of devices 
Qirion  

(community surveys + assumption) 

Geographical location (LatLong.net, 2020) 
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Demographic data 
Qirion  

(community surveys + assumption) 

Predictability of persons assumption 

Hourly solar irradiation 
(koninklijk nederlands 

meteorologisch instituut, 2020) 

 

Data for economic analysis 

The economic data used in this analysis was obtained from various sources. Among 

them, wholesale electricity price was collected from the database of European Power 

Exchange (EPEX SPOT) and taken the whole year data of 2019; the retail electricity 

price was taken from the tariff applied by the electricity retailer which has the largest 

user base in the Netherlands (Essent); data regarding tax rates (energy tax, ODE and 

VAT) was derived from government websites; data about network usage cost was 

obtained from the Liander website. A summary of data sources for economic analysis 

is presented in Table 5 below. 

Table 5 A summary of the source of data for economic analysis 

Data  Description Sources  

Retail electricity 

price 

Most popular product (“flexibel”) of the electricity retailer which has 

the largest customer base in the Netherlands was chosen. The rate 

applied at the moment of writing this report was used (July 2020).  

(essent.nl, 2020) 

Wholesale 

electricity price 

Wholesale electricity price in the day-ahead market of EPEX SPOT 

was used. The data was collected from ENTSO-E website. The whole 

year data of 2019 was used (since the data for 2020 is not yet 

completed). 

(entsoe, 2020) 

Network tariff 
Network tariff was obtained from Liander database, the tariff set for 

2020 was used. 
(Liander, 2020) 

Taxes  
Taxes including energy tax, ODE and VAT were collected from 

“Belastingdienst” websites, the rate set for 2020 was used. 

(Belastingdienst, 

2020) 

 

3.3.3 Data analysis  

The output of DEMKit was extracted and stored in open-source database InfluxDB, 

after which the stored data was visualized with another software, Grafana. InfluxDB 

was chosen because its database is reliable and fast; it is the most commonly used 

open-source time-series database (TSDB) in the fields such as real-time analytics and 

Internet of Things (IoT). Grafana was chosen for the same reason. It is considered as 

the most commonly used open-source visualization software for dealing with time-

series data, and it is well connected with InfluxDB. By carefully constructing the 

query, Grafana could be used as a flexible interface to select, aggregate, demonstrate, 

and compare the requested data generated from DEMkit. It can fulfill all needs for 

managing and visualizing the simulation results in this study (please see their websites 

(Grafana, 2020; Influxdata, 2020) for more information about this two software). 
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To calculate the economic value, the data for energy profiles before and after 

optimization for the entire year of 2020 was extracted from Grafana and coupled with 

(fixed and dynamic) electricity tariff to calculate the final results using an economic 

tool developed in Excel. 

 

3.3.4 Case study  

In order to quantify the economic value of flexibility services for prosumers in CECs, 

a case study of an Interreg NWE funded project (588), Community-based Virtue 

Power Plant (cVPP) was carried out (for more information, please see website 

(Interreg North-West Europe cVPP, 2020)).  

cVPP is defined as “a portfolio of DER aggregated and coordinated by an ICT-based 

control architecture, adopted by a (place- and/or interest-based) network of people 

who collectively perform a certain role in the energy system. What makes it 

community-based is not only the involvement of a community but also the 

community-logic under which it operates”(van Summeren et al., 2020). The concept 

of a cVPP could give the community the opportunities to provide its own energy 

needs with small-scale and distributed energy with the participation of individuals and 

local companies. Because of the community-logic under which it operates, members 

of cVPP could take the initiative to design, organize, operate, and even (partially) own 

their distinctive version of cVPP based on their own needs, motivations, and values 

(van Summeren et al., 2020). A cVPP in its core is what has been defined by the 

Winter Package as Citizen Energy Community (European Parliament, 2019a); thus, it 

gives a great opportunity to discover this research question by looking at the 

economic value of flexibility services the project can offer to its participants. 

Currently, three communities from the Netherlands, Ireland, and Belgium are 

developing and implementing their own version of cVPP. In this study, the case of 

cVPP Loenen project in the Netherlands was selected because this research is mainly 

focused on the values of flexibility services in the Dutch context and because of the 

availability of data. 

Loenen is a village with nearly 3,215 residents spreading over 1,445 families. Among 

them, 68% of the households are privately owned, 23% are owned by cooperatives, 

and the remaining 9% are rented houses, mostly owned by private families. Loenen 

Energie Neutraal (LEN) was a foundation established five years before the cVPP 

project. It was the result of the Energieke Wijken (Energetic Villages competition) in 

which Loenen won a € 200,000 EU subsidy to upgrade the village in a more 

sustainable way. Since then, the LEN has been starting to set up different revolving 

funds to support projects such as insulation of houses and the installation of PV panels 
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or other renewable energy technologies. Hence, after seven years of investment, the 

Loenen village now has a relatively high penetration level of different emerging 

technologies (Loenen Energy Neutral, 2020). A detailed list of different devices with 

the number and technical specifications of each device in the community can be seen 

in Table 6 below. These data were obtained from the deliverables of the cVPP project. 

Table 6 Summary of available flexibility assets in the Loenen Village 

Category Asset Number of devices Specific type 

Production  PV 150 N/A 

Thermal storage  Heat pumps 11  

5 * Nibe (11 kW) 

1 * Mitsubishi (11 kW) 

5 * unspecified brand (5-7 kW) 

Electrical 

Storage  
Electric Vehicles  

(EV) 
16 

1 * Volkswagen E-Golf (32kWh) 

4 * Tesla Model 3 (50-72 kWh) 

1 * Opel Ampera (60kWh) 

10 * unspecified brand (40kWh) 

Electrical 

Storage 
plug-in hybrid electric vehicle 

(PHEV) 
4 

2 * Volvo V60 PHEV (11.2kWh) 

2 * Outlander PHEV (13.8kWh) 

 

The table above describes the full picture of the available flexibility assets in Loenen 

at the moment, and it is worth noticing that these numbers are still increasing with the 

support from LEN. Regarding the cVPP project, the whole village of Loenen has been 

considered as the (potential) Citizen Energy Community. At the moment, there are 40 

households participating, and the target of the current project is to attract 100 

households to join. 

In order to quantify the economic value of flexibility services in Loenen community, 

two scenarios have been developed. The first scenario is based on the current situation 

of cVPP Loenen, which means the number of participants will be 40, the penetration 

level of different energy-related technologies together with their technical 

specifications (e.g. PV penal efficiency) will be based on the real data obtained from a 

survey from the current participants. The second scenario will be the future situation 

when the project’s target of 100 participants is met, the penetration level of emerging 

technologies with their technical specifications will be based on the assumptions made 

by the author of this research in consultation with cVPP Loenen project team. The 

reasons for developing two different scenarios are threefold. Firstly, in the current 

scenario, there is no electric battery in the community, which significantly 

compromises the economic value of flexibility. The electric battery could be used to 

assist scheduling of energy systems, especially when it comes to a system with a high 

level of VRE, by storing the electricity, maintaining a fixed voltage when discharging, 

and distributing the stored electricity in a more efficient manner (Bagheri et al., 2019), 

thus the existence of electric batteries is vital to such community. cVPP Loenen is 

expecting to install electric battery to help with scheduling in the future; thus, in the 
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second scenario, a penetration level of 5% of battery among participants is added. 

Secondly, the biggest difference between these two scenarios is different penetration 

level of technologies. Although in the first scenario the community has a large 

number of PV installed, other technologies such as EV (PHEV) and heat pump, which 

are important sources for providing flexibility, are not prevailing among the 

community. So, in the second scenario, more flexibility assets are added. Thus, by 

comparing two different scenarios with different penetration level of devices, insights 

on how the availability and quantity of flexibility assets could impact the economic 

benefits the participants could gain from flexibility services can be drawn. Thirdly, 

the cVPP Loenen project team is also keen to gain more insights into how the project 

would evolve and how the increasing implementation of emerging technologies could 

affect the operation and performance of the energy system in Loenen in the future, so 

the second scenario is added. 

Although the data collection process has been touched upon in the previous section, 

since this research question was mostly answered by simulation using a case study, 

detailed information on specific data needed and their values together with the data 

sources will be presented below. 

1) Penetration level of emerging technologies 

Penetration level of emerging technologies is the percentage of households in the 

community owning certain types of devices. It determines what kinds and how much 

flexibility the community can provide. The data for the current scenario is provided 

by Qirion, which was previously obtained through questionnaire surveys on the 

project participants. The data for future scenario is based on the assumptions made by 

the author of this study in consultation with the project team. Apart from the emerging 

technologies, it is worth noticing that induction cooking and CHP are also included in 

this list. The reason for including induction stovetops is because this type of device 

has a very high rated power (normally more than 2000w) and it can last a relatively 

long time (typically more than 15 mins for a meal); thus it has a significant impact on 

the consumption profile, and it would be more accurate to include this parameter 

while building the model. People without an induction stovetop are deemed to use gas 

for cooking. As for space hearting, there are three different methods in the model: 

heating by heat pump, heating by Combined Heat and Power (CHP), and heating by 

conventional natural gas, resembling the current situation in the Netherlands (the sum 

of these three must be 100%). At the moment, most participating houses in the 

community are still heated by the conventional method. However, as the rapid 

electrification process of heating systems continues, more and more heat pumps are 

expected to be installed in the community, providing more flexibility into the energy 

system. The value of each type of technology is summarized in Table 7 below. 
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Table 7 Penetration level of emerging technologies in different scenarios 

Technologies type 
Penetration level 

Current scenario Future scenario 
PV 40 90 

EV 3 15 

PHEV 4 5 

Battery 0 5 

Heat pump 7 20 

CHP 0 0 

Induction cooking 20 40 

 

2) Technical specification  

Technical specifications describe the technical data such as power rating or capacity 

of all existing (important) devices in the community. It determines the static load of 

the community together with information about the type and quantity of flexibility. A 

detailed list of specification data is presented in Table 8 below. These data were taken 

from various sources. The rated power of kitchen devices and white goods were kept 

the same as the default data, where these data were previously obtained through 

measurements. Technical specifications of EV, PHEV, and PV were calculated or 

assumed based on the available data of the existing devices in the community (shown 

in Table 6). Other loads that are considered as less important such as lighting and 

standby loads were also kept as the default data and not included in this list. 

Table 8 Technical specification of various devices 

Devices  Specific data  Unit  Value 

EV 
Capacity  Wh 47000 

Power  W 7400 

PHEV 
Capacity  Wh 12500 

Power  W 3700 

PV 

Annual production per m2 solar penal  kWh  210 

Efficiency Max % 20 

Efficiency Min % 15 

Battery 

Capacity: large battery  Wh  12000 

Capacity: medium battery Wh  5000 

Capacity: small battery Wh  2000 

Power: large battery W 3700 

Power: medium battery W 3700 

Power: small battery W 3700 

Kitchen devices  

oven W 2000 

microwave  W 800 

induction stove W 220 

kettle  W 2000 

fridge W multiple  

White goods 
iron  W 2000 

vacuum cleaner W 1500 
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3) Geographical location of the community  

This data is used to specify the exact location of the Loenen community to get the 

information about sunrise and sunset time as it could directly impact the simulation 

for solar energy production. This data was obtained from the website (LatLong.net, 

2020) and set as (52.117590 N, 6.019850 E). The sunrise and sunset time are 

automatically loaded in ALPG once the geographical location of the community is 

configured as an input. This is done with the support of the package “astral” in python 

(for more information, please see their website (Astral, 2020)).  

 

4) Household number, types and number of each type in the community  

As discussed in the previous section, different types of households could have 

different occupancy profiles, thus having vastly different profiles, for example, a 

household of a single retried person would consume much less electricity and have a 

different consumption pattern when comparing to a household of two adults having 

three children. Thus, it is essential to obtain a precise number for each type of 

household among the project participants. 

The detailed information of the household number for each type among the existing 

40 households is not available, and it is also not possible to know the households mix 

in the future when the target of 100 is fulfilled. However, a precise list of household 

types and numbers for the whole village was provided by the Loenen project team 

(this data was previously collected for other reasons). So, it is decided that the number 

of each type of household for different scenarios will be calculated proportionally 

based on the data of the whole village. They are shown in Table 9 below. 

Table 9 Household types and number of each type 

Household type 
Number of households for each type 

Loenen Village Current scenario Future scenario 
Single worker 145 4 10 

Single jobless 50 1 3 

Single part-time 145 4 10 

Couple without kid  

(both work) 
240 7 17 

Couple with 1-4 kids 

(both work) 
355 10 25 

Single parent with 1-4 

kids (work) 
85 2 6 

Dual retired 285 8 20 

Single retried  130 4 9 

Overall  1445 40 100 
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5) Predictability of persons 

As discussed in the previous section, the first step of ALPG simulation is to generate 

occupancy profiles of individual persons by using a behavioral model. The 

predictability of persons in the community can be set to permit random events such as 

family shopping days to happen. These events are included to describe the random 

actions which are not simulated in the standard behavioral patterns. The addition of 

this parameter brings ALPG's results closer to reality and could be used to test the 

robustness of the control strategies to prediction errors in the later stage. The data for 

this parameter was kept the same as the default value. The default configuration 

describes the predictability of inhabitants in another energy community of 81 

households in the Dutch city of Lochem, since people from the same country with a 

similar climate and culture tend to have a similar behavior pattern, the default data 

was used.  

Table 10 Predictability of person 

Types  Predictability (%) 

Family Outing Chance (Min) 10 

Family Outing Chance (Max) 20 

Weekday activity chances (Min) 20 

Weekday activity chances (Max) 30 

Weekend activity chances (Min) 20 

Weekend activity chances (Max) 30 

 

6) Hourly solar irradiation (GHI) data  

GHI data is needed for simulating solar energy production. There are 35 automatic 

weather stations in the Netherlands that can generate GHI data on an hourly basis for 

the entire year. The station in Deelen, which is only 10 km away from the Loenen 

village was selected. 

To sum up, cVPP Loenen is a representative case for other Citizen Energy 

Communities spreading out in the Netherlands. It has an energy management system 

(EMS) to control the consumption and production to fulfill specific control objectives; 

it has suitable flexibility assets and sufficient amounts of available flexibility to get 

reliable and significant results; the project itself is still evolving meaning continuous 

insights can be incorporated during the research; these combined with the fact that 

there is valid data available makes cVPP Loenen a relevant and reliable case study for 

the purposes of this research. 
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4.  How can flexibility services be defined 

and how is flexibility currently organized in 

the Dutch electricity system? 
 

This chapter will discuss the first research question, which is formulated as: 

How can flexibility services be defined and how is flexibility currently organized in 

the Dutch electricity system? 

This question can be further divided into two parts: how flexibility services can be 

defined and how flexibility is currently organized in the Netherlands.  

The goal of the first part is to give an overview of existing literature on “flexibility” 

and clearly define the term “flexibility services” together with its categorization, 

which will be used throughout the rest of this research. The goal of the second part is 

to discuss how flexibility is organized in the Dutch electricity system in terms of 

actors involved, institutions imposed, and physical infrastructure used, this will form 

the basis for the research and provide sufficient contexts for the analysis in the next 

two research question. 

The structure of this chapter follows as such: in section 4.1, an overview will be given 

on existing literature about the concept of “flexibility,” concluded by the definition of 

“flexibility services. In section 4.2, a categorization of flexibility services will be 

presented. In section 4.3, a detailed discussion on the current status and emerging 

trends revolved around the production and organization of flexibility in the Dutch 

electricity system will be discussed. 

 

4.1 Defining flexibility services 

4.1.1 Flexibility  

The term “flexibility service” is frequently used by many scientific and grey literature 

but without giving a clear definition (Bouloumpasis et al., 2019; Council of European 

Energy Regulators- Distribution Systems Working Group, 2018; Ding et al., 2013; 

Fonteijn et al., 2019; Jin et al., 2020; E. Klaassen & Van Der Laan, 2019; Torbaghan 

et al., 2018; USEF, 2015, 2018). Besides, pilot projects concerning the use of 

flexibility services are just starting, so there is not much academic reading available 

yet. Although the term “flexibility service” is not well defined, there are numerous 
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discussions on the definition of "flexibility." Thus, in order to propose a definition of 

“flexibility services,” it is considered to be necessary to discuss what is “flexibility” 

and how it can be provided as “services” separately and articulate these two concepts 

together to draw the final conclusion. The first step of this approach is to find the 

similarities and differences between the proposed definitions of “flexibility” in the 

literature and identify the most important characteristics of flexibility. A summary of 

the definition of “flexibility” found in the selected literature is shown in Appendix A: 

Definition of flexibility in literature. 

After comparing the similarities and differences between these definitions, the 

following three characteristics are constantly emerging and considered to be the most 

important features when discussing flexibility. 

 

1) Facilitation of reliable and cost-effective management of variability and 

uncertainty 

Through the analysis of literature, it can be seen that in all definitions, it is repeatedly 

mentioned that flexibility, as an indispensable characteristic in the electricity system, 

is the ability of the system to maintain the efficient and reliable operation when it is 

affected expectedly (variability) or unexpectedly (uncertainty). The term “variability 

and uncertainty” is expressed differently in various studies. In EPRI report (2016), it 

is described as “dynamic and changing conditions,” in van der Burg’s study (2015), it 

is referred as “fluctuations concerning demand and supply of energy” while in Erik 

Ela et al. (2018), it is stated as “known and unknown changes.” In general, all studies 

refer to the same meaning, which is the expected or unexpected changes in the 

system. These changes can come from both supply side and demand side. 

At the supply side, the variations refer to the foreseen trends of production capacity 

such as the difference between the power output of solar system in summer and winter 

and it can occur on different time scales from seconds to hours and even to years 

depending on the specific type of resource (Ma et al., 2013). The uncertainty refers to 

power outages or prediction errors of different generation resources (CEDEC et al., 

2018; Erik Ela et al., 2018; Holttinen et al., 2013; IRENA, 2018; Villar et al., 2018). 

At the demand side, the variation is predictable changes in the consumption pattern 

such as the peak in the morning and the curve in the noon while the uncertainty is 

described as power outages or forecast deviations of the load (Erik Ela et al., 2018; 

Ma et al., 2013; Ulbig et al., 2017). 

As discussed before, traditionally, the generation units were mostly centralized 

thermal power plants and have been designed oversized to provide sufficient capacity 

reserve to follow the variation in loads and cope with the unforeseen events that 
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occurred in the demand side. For the time, since the production was predictable, 

controllable, and reliable, the variability and uncertainty were mainly referring to the 

changes in the demand side. In recent years, with the rapid uptake of VRE (which are 

intermittent and unpredictable in nature), the variability and uncertainty are becoming 

increasingly severe from the supply side. In IRENA report Power system flexibility for 

the energy transition, the changes in the system are even solely described as “the 

variability and uncertainty that VRE (variable renewable energy) generation 

introduces into the system in different time scales”(IRENA, 2018) to emphasize how 

the generation side will become more fluctuant through energy transition with more 

VRE being integrated. Thus, more flexibility will be needed from both sides to 

facilitate the reliable and cost-effective management of variability and uncertainty in 

the power system.  

2) Response to an external signal  

When the variability or uncertainty occurs, the next step, which is another feature that 

has been repeatedly mentioned in different literature, is to “respond to an external 

signal” (CEDEC et al., 2018; Erik Ela et al., 2018; EURELECTRIC, 2014; European 

Commission Smart Grids Task Force Expert Group 3, 2015; Villar et al., 2018). 

As categorized in all literature mentioning this characteristic, the external signal can 

be activation or price signal. Direct activation is a more frequently used method in the 

industry, for example, the DSO can deploy flexibility by sending activation signals to 

the consumer or the aggregator to help alleviate congestion problems (Bouloumpasis 

et al., 2019; Okur et al., 2018; TenneT, 2020c); the TSO can deploy flexibility by 

sending activation to Balancing Service Provider (BSP) to help maintain the balance 

at the system level (Vicente-Pastor et al., 2019; Villar et al., 2018). On the other hand, 

sending price signal is another way of control. The actors in the power system can 

deploy flexibility by reacting to the price signal such as real-time pricing (RTP), 

critical peak pricing (CPP), etc. (Deng et al., 2015; Haque et al., 2019). For example, 

the BRP can deploy flexibility by responding to the electricity price in the day-ahead 

wholesale market to optimize its portfolio. 

3) Modification of demand or supply pattern 

The action of “response” in "response to an external signal" in practice is 

"modification of demand or supply pattern." By controlling and adjusting the 

production and consumption pattern, triggered by activation or price signal, the 

system can accommodate the variability and uncertainty occurred and maintain the 

reliable and cost-effective operation. This is the third characteristic that has been 

mentioned in most literature. 



 

30 

 

The term "modification of demand or supply pattern" has different expressions in 

various literature but with the same meaning. In Lannoye et al. (2012), it is referred as 

“deploy its resources,” while “its” means the system (or the actors in the system), “the 

resources” means the generation units and loads that can be modified by the system, 

and “deploy” means “to use these generation units and loads to change the patterns.” 

In Fonteijn et al. (2019), it is described as “a power adjustment,” in which the 

modification of both demand and supply side is covered in these three words. More 

often than not, in most literature, it is just referred as modification of generation 

and/or consumption (in some literature a “pattern” is added) (CEDEC et al., 2018; 

EURELECTRIC, 2014; European Commission Smart Grids Task Force Expert Group 

3, 2015; IEA, 2011; Villar et al., 2018). 

 

4.1.2 Services 

According to the Cambridge English Dictionary, there are various definitions of 

“service” depending on the context used. Under the category of “commerce,” service 

is defined as “business activity that involves doing things for customers rather than 

producing goods, or a single act of doing something for a customer”(Cambridge 

English Dictionary, 2020). Thus, when defining a specific type of service, it is 

necessary to identify who is the customer to receive the service and who is the one to 

provide the service.  

1) Provider of flexibility: 

Flexibility in the power system can be provided by different sources. Traditionally, 

flexibility is mostly provided by large centralized power plants at the supply side 

(Silva et al., 2015). However, recently, because of the rapid decommission process 

of conventional power plants and the further deployment of VRE units, flexibility in 

the system is decreasing drastically. Thus, more flexibility is needed from the demand 

side. This is where the concepts of “flexibility service” comes in. 

When discussing flexibility services, most scientific and grey literature refer to the 

flexibility provided by the demand side. The term “demand side” does not solely 

mean the change in the consumption pattern (demand response), but also includes 

control of local generation units and storage system, this is to distinguish from 

the traditional way of providing flexibility by conventional power plants at the 

supply side. The entity which owns the devices that can be actively controlled to 

provide flexibility from the demand side is the provider of flexibility services. 

Adopted from the USEF framework, these entities are referred as the prosumer. The 

definition of the prosumer in this study does not discriminate between residential, 
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commercial, or industrial prosumers, they are all considered as the prosumer. In some 

cases, the volume of flexibility provided by the prosumer is limited; thus, a certain 

degree of aggregation is needed to supply a sufficient amount of flexibility as 

services. 

In conclusion, the provider of flexibility service is individual or aggregated 

(residential, commercial, or industrial) prosumers. 

 

2) Customer of flexibility: 

Different scientific and grey literature consider the customer of flexibility services 

differently. Among them, the DSO, the BRP, and the prosumer are most frequently 

discussed in the studies. 

In GOPACS, a newly-developed market platform in the Netherlands where DSOs can 

buy flexibility to prevent regional congestion problems, the customer is the DSO. In 

fact, when describing the idea of flexibility service, most of the literature consider it 

as a solution for the DSO to alleviate congestion problems (Bouloumpasis et al., 2019; 

Ding et al., 2013; Jin et al., 2020; Klyapovskiy et al., 2019; Morstyn et al., 2019; 

Torbaghan et al., 2018; Vicente-Pastor et al., 2019). As for the BRP, a substantial 

amount of demand response in industrial and commercial sectors has already been 

actively leveraged by the BRP as part of trading portfolios in the wholesale markets. 

The BRP can reduce its sourcing cost and imbalance penalty by sourcing flexibility 

from (individual or aggregated) prosumers (Hügel, 2018; USEF, 2015; Villar et al., 

2018). Apart from the DSO and the BRP, prosumers themselves can also actively 

control the flexibility assets they own and use it internally for behind the meter 

optimizations. In this sense, they are also seen as customers of services (Fonteijn et 

al., 2019; USEF, 2015). In addition to the three frequently mentioned customers 

summarized above, the USEF report also includes the TSO as potential customers of 

flexibility services. Flexibility services from prosumers can be used (instead of large 

power plants) for providing primary, secondary, and tertiary reserves, which are 

utilized to maintain a constant frequency of 50 HZ within the transmission system (E. 

Klaassen & Van Der Laan, 2019; USEF, 2015, 2018). 

 

 

 

 

 



 

32 

 

4.1.3 Flexibility services 

The aforementioned definitions of flexibility and services together with the analysis 

during the literature review can be articulated to a consistent definition of flexibility 

services that will be used throughout the rest of this report:  

Any services provided by individual or aggregated (residential, commercial or 

industrial) prosumers to flexibility requesting parties (DSO, BRP, and TSO) or 

prosumers themselves, in reaction to external signals (price signal or activations), by 

modifying the consumption and/or production pattern, in order to facilitate the 

reliable and cost-effective management of variability and uncertainty in the electricity 

system.  

4.2 Categorization of flexibility services 

Various flexibility services have been designed or envisioned by different studies 

(Heussen et al., 2013; Jin et al., 2020; USEF, 2018; Vicente-Pastor et al., 2019; Villar 

et al., 2018), some of them have already been successfully implemented in a number 

of pilot projects (Brouwers & Mierlo, 2019; DNV GL, 2018; Nellen et al., 2019).  

Many literature which have discussed flexibility services still mainly consider them 

only as an effective approach, requested by the DSO, to alleviate congestion problems 

(CEDEC et al., 2018; Council of European Energy Regulators- Distribution Systems 

Working Group, 2018; Klyapovskiy et al., 2019; Nizami et al., 2019; Okur et al., 

2018). However, the number of service types is later extended in some other 

publications. For example, in the EURELECTRIC report (2014), flexibility services 

are extended also to include the services for the BRP (for portfolio optimization) and 

the services for the TSO (for system balancing). In another study (Villar et al., 2018), 

the authors attempt to present an overview of flexibility products and markets which 

are currently being discussed or designed through an in-depth literature review. 

Though the paper successfully identifies the services for the DSO, the TSO, and 

another possible way of providing congestion management based on the coordination 

between DSO and TSO, the study fails to include the services which are provided by 

prosumers to themselves. The USEF framework, for the first time, presents a 

comprehensive overview on (possibly all) types of (potential) flexibility services and 

provides a clear categorization of service based on the stakeholders who receive the 

services. Thus, USEF is selected as the basis to categorize flexibility services in this 

study.  

In USEF, the TSO, the BRP, and the DSO have been identified as potential customers 

of flexibility services. Apart from it, prosumers themselves can also actively control 

the flexibility assets they own and use it internally for behind the meter optimizations; 
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in this sense, they are also seen as customers of services. When the flexibility is 

collected from prosumers and provide to other parties (TSO, DSO, and BRP), the 

service is described as explicit flexibility services; When the flexibility is used 

internally behind the meter, it is referred as implicit flexibility services. In the context 

of CECs, apart from the aforementioned services, flexibility can also be used to 

optimize the consumption and production profiles of the community at an aggregated 

level, this will bring more possibility and create additional values. In this case, 

because the flexibility within the community is used internally rather than offering to 

other parties and the optimizations are performed “behind the meter of the 

community,” they are also considered as implicit flexibility services.  

The categorization of flexibility services in this study is adapted based on USEF, 

insights from other publications are also integrated when describing the feature of 

services, a detailed explanation of each service is presented below. 

 

4.2.1 Flexibility service for the prosumer 

1) Time-of-use (ToU) optimization  

ToU optimization is considered as the most common type of flexibility service in this 

category. This service has the potential to reduce prosumers’ electricity bills by 

shifting their loads from high price intervals to low price intervals or, in some cases, 

directly shedding loads during high price periods. On the other side, the generation 

units owned by prosumers (if have) can also be adjusted according to the price signal, 

from low price periods to the time with higher selling price (Gerards et al., 2015; 

Hügel, 2018; USEF, 2015, 2018; van der Klauw, 2017). 

2) KWmax control 

In the current grid tariff schemes, there is a network component that is based on 

maximum load and/or connection capacity. The DSO charges the consumer 

differently depending on the maximum load. By reducing the peak load within a 

predefined time, through either load shifting or directly shedding, prosumers can 

reduce their network usage costs. This is called KWmax control. However, this service 

for the moment is mostly applied to big commercial and industrial users with high 

energy consumption level (USEF, 2015, 2018).  

3) Self-balancing 

Self-balancing can only be applied to the prosumers who possess generation units 

such as the rooftop PV system; the service helps prosumers to match their demand 

with supply behind the meter. The economic value of self-balancing is created 
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through the difference between the prices of generating, buying, and selling electricity 

(Gerards et al., 2015; USEF, 2015, 2018; van der Klauw, 2017).   

 

4.2.2 Flexibility service for the DSO 

1) Congestion management & Grid capacity management 

Congestion problems are the thermal overload of the components (e.g. cables and 

transformers) in the grid when the capacity of these components cannot accommodate 

the ever-increasing power flow. The rapid introduction of VRE and electrification of 

transportation and heating system are creating more frequent and severe congestion 

issues. DSOs can use flexibility from the demand-side to reduce peak loads in their 

regional network. This service is referred to as congestion management.  

When the service is provided in the long-term, the DSO can strategically use this 

flexibility to increase its operational efficiency; it is referred as grid capacity 

management. Both of them can be used to defer or even avoid the investment for grid 

reinforcement. In grid capacity management, since the service is provided in a long-

run, the system would operate in a more efficient way; also, the lifetime of 

components can be extended because less peak would occur (Bouloumpasis et al., 

2019; Heussen et al., 2013; Klyapovskiy et al., 2019; TenneT, 2020c; USEF, 2015, 

2018). 

2) Voltage control  

Voltage problems mostly occur when PV systems generate excessive amounts of 

electricity that cannot be consumed instantly. This situation will push up the voltage 

level in (local) grids and increase the possibility of exceeding voltage limits. By using 

flexibility to increase loads or curtail production (to match the demand with supply), 

the DSO could alleviate or resolve this problem. Voltage control service could reduce 

the investments associated with grid reinforcement, or reduce the potential loss of 

generation curtailment (Bouloumpasis et al., 2019; USEF, 2015, 2018; Villar et al., 

2018). For example, if the DSO requests to curtail significantly high solar production 

during the sunny days in summer, the need for grid reinforcement can be avoided.  If 

the DSO requests to increase the load in its control area in order to match the supply 

in sunny days, the loss of curtailment can be avoided. 
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4.2.3 Flexibility service for the BRP 

1) Day-ahead optimization 

Day-ahead portfolio optimization aims to help the BRP to shift its loads (in its 

portfolios) from high price intervals to the periods with low prices on the day-ahead 

market or forward market (vice versa in the case of shifting production capacity). This 

service could help the BRP to reduce its sourcing costs. 

2) Intraday optimization 

Intraday portfolio optimization is similar to day-ahead portfolio optimization, but in 

this case, the optimization of the BRP’s portfolio is done in the intraday market. The 

BRP can use flexibility to repair the prediction deviations in the day-ahead market to 

reduce sourcing costs (USEF, 2015, 2018; Villar et al., 2018). 

3) Self/passive balancing 

The BRP can use flexibility to reduce the imbalance position in its portfolios to avoid 

imbalance charges imposed by the TSO. This service is defined as self-balancing. If 

the BRP uses its flexibility to support the reduction of the system imbalance by 

deliberately deviating its own balance position, in some countries, the BRP could 

receive remuneration from the TSO. However, since the BRP also deviates from its 

own balanced position, it might also get penalties from the TSO (USEF, 2015, 2018).  

4) Generation optimization 

Generation optimization refers to the process of the BRP using flexibility to optimize 

the production scheduling of the conventional power plants in its portfolios. The ramp 

up and ramp down rate of these units is limited, sometimes in order to maintain the 

balance in the BRP’s portfolios, these units might have to overshoot or downshoot. 

This will lead to a reduction in units’ lifetime and an increase in fuel consumption. By 

implementing generation optimization service, these costs might be avoided (E. 

Klaassen & Van Der Laan, 2019; USEF, 2015, 2018). 

 

4.2.4 Flexibility service for the TSO 

Flexibility services for the TSO in this study are balancing services, including 

Frequency Containment Reserve (FCR), automatic Frequency Restoration Reserve 

(aFRR), manual Frequency Restoration Reserve (mFRR) and Replacement Reserve 

(RR). 

One of the main tasks of the TSO is to maintain the balance between supply and 

demand at the system level. Once there is an imbalance occurred, the TSO will resort 
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it by purchasing and dispatching the capacity reserve in balancing markets. 

Traditionally, TSOs buy these reserves from conventional generation units. However, 

as the energy mix contains increasing shares of VER, different providers are needed. 

Flexibility from prosumers can be used to offer these four services to the TSO 

(Schittekatte & Meeus, 2020; USEF, 2015, 2018; Vicente-Pastor et al., 2019). 

 

4.2.5 Flexibility service for the CEC 

In the context of CECs, flexibility can also be used to optimize energy use of the 

community at an aggregated level. The difference between this service and “flexibility 

service for the prosumer,” is that the control and optimization are done on different 

levels, i.e. household level and community level. 

1) ToU Optimization at community level 

In this service, the optimization is still implemented on the individual prosumer level, 

as members’ energy bills would still be based on their own consumption. However, a 

group of prosumers as a community would have a stronger negotiation power when 

dealing with their retailers, having the potential to contract a better tariff scheme 

tailored to the community situation (Fonteijn et al., 2019; E. Klaassen & Van Der 

Laan, 2019; Senfal, 2019). 

2) KWmax control of the community load 

When a CEC is considered by the DSO as a single connection point (i.e. a micro-

grid), optimization can be done at the community level. The community itself can be 

given a network tariff with KWmax component by the DSO. Then the community and 

its members can save on tariff costs by reducing their peak loads collectively (E. 

Klaassen & Van Der Laan, 2019). According to USEF, in the future, community 

members that are not connected to one point, may also be considered by the DSO as a 

virtual single connection. In this case, a network tariff with KWmax component can 

also be given to such community (E. Klaassen & Van Der Laan, 2019). 

3) Community self-balancing 

Community self-balancing is similar to self-balancing service mentioned before; the 

only difference is that the optimization of community self-balancing is done on the 

community level. The economic viability of this service depends on whether the 

regulation allows for net-metering at the community level, the time period allowed for 

net-metering, and the price difference between grid-supplied electricity and the feed-

in tariff. When net-metering is applied on a yearly basis, there is no economic 

incentive. However, when the net-metering is applied on a shorter interval, e.g. an 
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hourly basis, this service might bring economic value (Gerards et al., 2015; E. 

Klaassen & Van Der Laan, 2019; van der Klauw, 2017).  

A summary of different types of flexibility service is shown in Table 11. 

 

Table 11 Categorization of different flexibility services 

Categorization  Type of services 

 

Implicit 

flexibility 

services 

Flexibility 

service for the 

prosumer 

 Time-of-use optimization 

 KWmax control 

 Self-balancing 

Flexibility 

service for the 

CEC 

 

 ToU Optimization at community level 

 KWmax control of the community load 

 Community self-balancing 

Explicit 

flexibility 

services 

Flexibility 

service for the 

DSO 

Constraint 

management 

Congestion management &  

Grid capacity management 

Voltage support 

Flexibility 

service for the 

BRP 

 

Wholesale 

service 

Day-ahead optimization 

Intraday optimization 

Self/passive balancing 

Generation optimization 

Flexibility 

service for the 

TSO 

 

Balancing 

service 

FCR 

aFRR 

mFRR 

RR 
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4.3 Flexibility in the Dutch electricity system 

After proposing a definition of flexibility services and presenting the categorization of 

different service types, the second part of the first question aims to investigate the 

current organization of flexibility in the Netherlands. Using the theoretical framework 

introduced in the second chapter - the multi-level perspective (MLP), this study 

describes the socio-technical system of flexibility & electricity on three different 

levels: the landscape, the regime, and niches. The reason why flexibility and 

electricity are discussed together as a whole is that the concept of flexibility is nested 

in the electricity system. When discussing how flexibility is organized, it is actually to 

discuss the electricity system with the lenses on flexibility (for example, the actors 

involved would be the same but the focus would be on describing actors’ roles or 

functions in organizing flexibility).  

Among the three analytical levels, the landscape will describe how the contextual and 

exogenous factors such as climate change are pressuring and influencing the 

flexibility & electricity system. The regime level will reflect how most flexibility is 

currently organized in the Netherlands by mapping the key actors involved, by 

identifying the critical infrastructure used, and by analyzing the most important 

regulations and laws that are impacting the incumbent system. The niche will describe 

the alternative solution of producing and organizing. 

By using the MLP, this study presents a comprehensive and detailed picture of the 

dynamics of the flexibility & electricity system. The answer to this sub-question will 

also be used later as a starting point for the analysis in the second and third research 

questions. 

 

4.3.1 Landscape level 

Climate change is the most serious environmental issue facing humanity today. Not 

acting now to mitigate it will lead to an extensive increase in the temperature of the 

Earth’s surface with the dangerous consequence of altering the balance of the 

ecosystem. Human activities, and in particular, activities in the energy sector has been 

identified as a major source of the enormous GHG emissions. In the European Union, 

the energy sector alone is responsible for 77.9% of all GHG emissions, and the sector 

is still predominantly relied on fossil fuel (European Environment Agency, 2019). 

Apart from the environmental impact, fossil fuel is also a limited resource, and it is 

being consumed at an escalating rate. There are still many people in the world who do 

not yet have access to modern energy services, demand in some parts of Asia, Latin 

America and Africa will all increase significantly in the future. The continuous 
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consumption of fossil fuel will eventually lead to energy depletion. Therefore, the 

development and utilization of alternative sources, especially from sustainable energy, 

is inevitable. Moreover, in the Netherlands, the gas extraction activities in the 

Groningen gas field, the largest onshore natural gas field in Europe, have led to a 

series of earthquakes, causing damage to roads, buildings, and citizen’s safety (Van 

den Berg, 2018).  

To sum up, contextual factors such as climate change, depletion of fossil fuel and to a 

lesser extent, the frequent earthquake caused by gas extraction, have put huge 

pressure on the Dutch power sector, forcing a rapid transition in electricity system 

from the centralized fossil-fuel based system to a decentralized clean-energy based 

system (Wieczorek & Berkhout, 2009). As a result of further deployment of VRE 

units, decommission of fossil-fuel based power plants, and increasing 

electrification of transportation and heating sectors, which are all required to complete 

the transition, flexibility in the electricity system is decreasing drastically. Thus, more 

flexibility will inevitably be needed from the demand side and also by small-sized end 

users to maintain the stability and reliability of the electricity system. 

 

4.3.2 Regime Level 

The regime reflects the predominant way of producing and organizing flexibility in 

the Netherlands. The analysis of the incumbent system is structured following the 

three distinct elements proposed by Geels (2004) that together form a regime, which 

are actors (involved in maintaining and changing the system); rules and institutions 

(which guide actor’s perceptions and activities); and material elements (resources).  

This section will use these three elements to provide a detailed discussion on how 

most flexibility is being produced and organized in the Dutch electricity system. 

 

4.3.2.1 Actors  

Due to the fact that the European energy system is undergoing the comprehensive 

process of reformation as envisioned by the European Union, most of the existing 

roles of actors are being extended or adapted, new emerging roles are also being 

introduced into the system (European Commission, 2019). In order to understand the 

whole picture and changing dynamics of how flexibility is organized in the 

Netherlands under the transition, actor analysis in this study will include the 

discussion on both traditional and emerging roles of key actors together with the 
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general trends (regarding the tasks and responsibilities these actors will take) at this 

constantly changing point.  

The actor analysis in this section will also be the starting point of the second research 

question, what values can flexibility services in the Citizen Energy Communities 

create to their members and other actors in the Dutch power system? The discussion 

regarding the values of flexibility services to other actors will be based on the 

mapping and analysis of key actors in this section.  

 

Electricity (flexibility) producer  

The role of the producer is straightforward in the power system; it operates a variety 

of power plants (including wind farms and solar fields) and supplies electricity to the 

grid. Companies such as Nuon, Essent, Engie, Delta, and Eneco are the largest energy 

producers in the Netherlands (Lampropoulos et al., 2018; Netbeheer Nederland, 

2019). 

Since the establishment of the modern power system, by planning in advance, energy 

production companies can adjust their output according to the demand patterns of 

their end-users (Verbong & Geels, 2007). The generation part of the system was 

designed oversized to provide, in a reliable and cost-effective manner, enough 

flexibility to cope with variability and uncertainty in the power system. The same 

principle applies to the Dutch power system, a large proportion of flexibility is still 

predominately provided by the supply side (ECN & Alliander, 2017; Tennet, 2018). 

According to the FLEXNET (short for flexibility of the power system in the 

Netherlands), a project commissioned and funded by Ministry of Economic Affairs, to 

analyze demand and supply of flexibility in the Netherlands until 2050; (at the 

national level) approximately 2.2 TWh of flexibility demand is met by conventional 

thermal power plants, which make them the most dominant options for flexibility 

provision at the moment (ECN & Alliander, 2017). Among them, 49% is provided by 

gas-based power plants, while 42% is from coal. Interconnection capacity is the 

second most important source after these thermal generators. However, due to the 

decommissions of the conventional power plants, the shares of these units in 

supplying flexibility will decrease drastically. It is predicted the share of gas in 2050 

will decline to less than 5% and for coal, less than 1%, while the percentage for 

interconnection will increase to 40-65% even under a very restrictive assumption 

(ECN & Alliander, 2017). According to Trinomics’s report, which provides more 

details on the current status of flexibility supply in the Netherlands, interconnection, 

combined heat and power (CHP) plants, combined cycle gas turbine (CCGT) plants, 
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and coal-fired power plants are the four primary sources of flexibility supply. It is 

estimated in the report that, with the current capacity, CCGT and CHP can already 

meet more than 60% and 40% of current peak demand respectively (Slingerland et al., 

2014; Yasuda et al., 2013).  

To sum up, the producer plays an indispensable role in the supply of flexibility in the 

Dutch power system today, with CCGT, CHP, and coal-fired plants providing the 

most capacity.  However, with the decommissioning process, the flexibility provided 

by these centralized generation units will decrease, which inevitably requires a 

substantial increase in flexibility supply from other options including both supply-side 

(interconnection and large-scale VRE) and demand-side (demand response, storage 

and small-scale VRE from prosumer) in the coming future. 

 

Consumer & prosumer 

Any connection to the grid with a demand for electricity can be considered as a 

consumer. Consumers can be categorized into the industrial, residential, commercial, 

and municipal consumer. It can also be grouped based on the consumption level into 

large-scale (i.e. large industrial and commercial users) and small-scale consumers (i.e. 

residential households and SMEs) (USEF, 2015).  

The consumer has been placed at the end of the distribution network since the 

beginning; however, the situation has been changing now. The introduction of 

decentralized power generation technologies has empowered small consumers who 

were traditionally perceived as passive end-users to shift to this emerging new role 

called prosumer. A prosumer can be considered as an end-user that not only consumes 

electricity but also produces it (USEF, 2015). In line with the definition set by USEF, 

the meaning of the prosumer in this study does not differentiate between residential 

users from other players such as industrial or commercial users; they are all referred 

to as the prosumer (USEF, 2015).  

With regard to flexibility, in terms of volume, industrial and commercial consumers 

(prosumers) are still the main contributor (in this category) for flexibility supply 

following conventional power plants and interconnection. According to TenneT, since 

the liberalization of the electricity market in early 2000, many industrial and 

commercial end-users, especially the large ones, have started to get involved in the 

management of their energy production and consumption. Some of them (partially) 

produce their own electricity while many actively interact with other actors in the 

electricity system, providing significant volumes of flexibility to BRPs (for portfolio 

optimization) or DSOs (for congestion management & grid capacity management) 
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through demand response (Tennet, 2018). Although the specific volume of flexibility 

provided cannot be quantified using available data, it is believed that the primary 

industry and horticulture have been the largest source of flexibility in this category 

(Tennet, 2018). Moreover, according to FLEXNET project, the development in 

power-to-gas (P2G) and power-to-heat (P2H) in the industry could also be used as a 

promising and effective option to provide flexibility in the near future. However, the 

use of these technologies is still limited at this stage (ECN & Alliander, 2017).  

Apart from large players, in recent years, as the results of the introduction of new 

technologies (e.g. PV, EV, HP, etc.) and roll-out of smart meters, small-sized 

consumers (prosumers) from the residential sector and SMEs have been empowered 

to generate electricity and, in some cases, control and optimize their consumption and 

production patterns. This means flexibility can be generated using the DERs owned 

by these prosumers, bringing more possibilities and opportunities in the power 

system. When prosumers use the available flexibility to optimize their energy profiles, 

they are considered as the customer of flexibility services; When they offer flexibility 

produced to other parties (e.g. DSOs), they are seen as the provider of flexibility. 

Although now they are able to generate flexibility, the volume is still very limited 

compared to large-sized end users. However, as a result of technical empowerment, 

further liberalization of electricity markets, and increasing formation of energy 

communities, a much higher volume of flexibility is expected to be unlocked and 

provided from small-sized end-users (USEF, 2015, 2018). 

 

Transmission System Operator (TSO) 

The fundamental role of  the TSO in the electricity system is to develop, control, 

operate, and also maintain the transmission grid in order to transport a large quantity 

of electricity over long distances (Dingenen & Besseling, 2020; Lampropoulos et al., 

2018). In the Netherlands, the electrical network is divided into high-voltage (HV) 

national grids (110-380kV), which is operated solely by a state-owned TSO – 

TenneT, and low-voltage (LV) distribution regional grids (below 110kV) which are 

operated by several DSOs. The electricity is first transported by TenneT from 

generation sites to regional operator DSOs, whom then transport and distribute the 

electricity to end-users (Netbeheer Nederland, 2019).  

Apart from the roles introduced above, TenneT also has the responsibility to ensure 

sufficient capacity is reserved for transporting the requested electricity while 

maintaining the balance at the system level. Keeping the balance of supply and 

demand is essential to the reliability and stability of gird, electricity injection should 

be equivalent to consumption at every instant, this equilibrium is measured through 



 

43 

 

frequency by grid operators. Frequency in the grid needs to be within a close margin 

from its reference value; in Europe, this number is set as 0.05 Hz from 50 Hz 

(Anthony, 2017). If an unexpected event such as the failure of a big power plant, there 

would be a major frequency variation, it will then lead to a severe power imbalance in 

the system. In this case, the response of resorting the frequency has to be fast and 

effective; otherwise, the power outage will occur in a second throughout the whole 

network. 

In order to maintain the balance, TenneT uses a system of balancing responsibility 

(TenneT, 2020b). In principle, all parties connected to the gird are obliged to 

guarantee the equilibrium of power input and output of its own, next to this, they are 

also obliged to inform the TSO regarding their production, consumption and the needs 

to transport electricity. In this way, if all parties keep themselves in a balanced 

position, the whole system would be in balance. However, in practice, as it is too 

complex for all parties to handle the task of balancing, the connected parties would 

assign this task to the BRP, a market participant that needs to be authorized by the 

TSO (TenneT, 2020b). In this setting, a BRP has a portfolio of its clients, and it is 

tasked to guarantee the equilibrium of power input and output of its own collective 

portfolio. In this way, if every BRP keeps itself in a balanced position, the whole 

system will be in balance. Every day the BRP needs to present a daily forecast to 

TenneT regarding its planned transaction of electricity (which is called e-programme) 

and inform the DSO the amounts of electricity it will transport the next day. If the e-

programme differs from reality, the imbalance occurs, and the flexibility is needed in 

the system, this will then be resolved in real-time balancing markets operated by 

TenneT (Lampropoulos et al., 2018; TenneT, 2020b).  

To sum up, TenneT, as the only TSO in the Netherlands, has the ultimate 

responsibility to balance the electricity system by operating balancing markets, 

sourcing and dispatching the flexibility from these markets. Traditionally, TenneT 

purchases the flexibility from conventional generation units such as centralized 

thermal power plants; however, the trend now is to unlock the flexibility from the 

demand side, especially by the small-size end-users (USEF, 2015). 

Apart from operating the national grid, TenneT is also responsible for collaborating 

with neighboring countries, namely Norway, the United Kingdom, Belgium, 

Germany, and Denmark, to create interconnection capacity for cross-border trading, 

which is another primary way of flexibility supply. This source is projected to 

increase dramatically in the future (ECN & Alliander, 2017). In this sense, TenneT is 

also the provider of flexibility in the Dutch power system. A map including all HV 

grids operated by TenneT (both onshore and offshore) is shown on their website 

(TenneT, 2020d). 
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In addition to this, TenneT is collaborating with different actors to alleviate 

congestion problems in the networks. For example, three Dutch DSOs (Stedin, 

Liander, Enexis Groep) and TenneT are now working together on GOPACS, a market 

platform where grid operators can purchase flexibility to prevent congestion problems 

in their region networks (TenneT, 2020c). 

 

Distribution System Operator (DSO) 

The DSO operates, maintains, and, if necessary, extents or reinforces the distribution 

network to safeguard that electricity in the power system is delivered to end-users in a 

secure and efficient way (Lampropoulos et al., 2018; Prettico & Flammini, 2019). 

In the Netherlands, there are currently eight DSOs operating and maintaining LV (less 

than 110kV) distribution grid; among them, more than 90% of the connections are 

managed by the three largest DSOs, which are Liander, Enexis, and Stedin (Netbeheer 

Nederland, 2019). A map of the distribution of DSOs in the Netherlands is presented 

in Figure 5 below. 

 

 

Figure 5 Distribution of DSOs in the Netherlands (Netbeheer Nederland, 2019) 

 

Traditionally, the DSO does not have an explicit role in organizing flexibility; 

however, it does have a strong incentive to deploy flexibility to avoid congestion 
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problems or optimize operation performance in the long-term (Klyapovskiy et al., 

2019; Okur et al., 2018).  

There are two ways at the moment which enable DSOs in the Netherlands to purchase 

and deploy flexibility. The first way is through bilateral agreement (contract) with the 

flexibility provider, such as EV charging facilities. In the past three years, DSOs have 

been using the architecture, tools, and rules established by USEF, to purchase 

flexibility for peak shaving or other reasons. The second approach is what has been 

mentioned before, the GOPACS platform, where DSOs can source flexibility to 

prevent congestion in their network (GOPACS, 2019; TenneT, 2020c). In this sense, 

the DSO is not only the customer of flexibility services but also the developer and 

operator of the platform where flexibility is traded.  

 

Aggregator  

The aggregator is a newly developed concept and an emerging actor in the EU 

electricity system. Because of the newness nature, the definition and the roles it can 

play are ambiguous. The concept is described differently by various stakeholders and 

publications. This study takes the definition of USEF, which is also in line with the 

definition of the aggregator in the latest Electricity Directive from the Winter 

package, in which it is defined as: “A natural or legal person who combines multiple 

customer loads or generated electricity for sale, purchase or auction in any electricity 

market” (European Parliament, 2019a). Thus, in the context of the European 

electricity system, the aggregator is designed to take the task of accumulating the 

flexibility from the DERs (customer loads, energy storage or generated capacity) 

owned by a set of end-users, and turning it into products to serve the needs of other 

actors in the power system (Berlet et al., 2017; USEF, 2015). It acts as intermediaries 

between flexibility requesting parties and consumers (prosumers).  

The introduction of the role of the aggregator is becoming increasingly necessary as 

the energy transition continues because, on the one hand, the aggregation could, for 

the first time, enables small end-users with limited capacity and controllability to 

participate in different electricity or flexibility markets without exposing them to the 

risks existing in these markets (USEF, 2015). On the other hands, by aggregating 

these hardly predictable, easily variable flexibility from the end-users, the aggregator 

can smooth out the differences and fluctuations in flexibility, turn them into reliable 

products and guarantee the fine-tune version of flexibility into the markets, which 

could help to stabilize the energy system and market while integrating more 

renewable energy (Burger et al., 2016; Ikäheimo Jussi et al., 2010; Jin et al., 2020; 

Koponen et al., 2012; Lampropoulos et al., 2018; Minniti et al., 2018). 
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Balance Responsible Party (BRP) 

In the EU electricity markets, the BRP is set to take the role of energy nomination at 

the wholesale level (Lampropoulos et al., 2018). It is responsible for balancing 

demand and supply for its portfolio on behalf of the TSO. In the Netherlands, there 

are nearly one hundred registered BRPs; a list of companies can be found in Tennet 

website (TenneT, 2019b). As discussed before, TenneT uses a system of balancing 

responsibility to ensure the gird is in balance. The BRP is requested to present a daily 

forecast to the TSO regarding its planned transaction and inform the DSOs of the 

electricity planned to transport the next day. If the e-programme differs from reality, 

the imbalance occurs, and it will then be resolved in the balancing markets 

(Lampropoulos et al., 2018; TenneT, 2020b).  

With regard to flexibility, from long time ago, the BRP has been actively trading 

electricity (flexibility) in wholesale markets to keep balance position in its own 

portfolio while minimizing the sourcing cost. By doing so, it also helps to reduce the 

need for flexibility in balancing markets. Traditionally, the BRP sources flexibility 

from the industry. According to TenneT’s report about flexibility roadmap in the 

Netherlands, a substantial amount of demand response in the industry, especially in 

the horticulture sector and primary industry, has actively been leveraged by the BRP 

as part of trading portfolios in different markets (Tennet, 2018). Like what has been 

mentioned previously, as the energy transition continues, more and more flexibility is 

being unlocked from demand-side and by small-sized end-users; thus, the BRP is also 

increasingly souring the flexibility from them to optimize its portfolio (USEF, 2018). 

 

Citizen Energy Community (CEC) 

The Citizen Energy Community (CEC) is an emerging actor in the EU electricity 

system. The introduction of DERs such as PV, EV, HP, and battery system has 

empowered small end-users to take the new role of the prosumer and get more control 

over the way their electricity is organized (USEF, 2015). Empowered by these 

technologies, many citizens started to notice their ability and the benefits of balancing 

their own demand and supply; however, they criticize the fact that there are too many 

restrictions limiting them from participating in the electricity markets (e.g. wholesale 

markets, balancing markets) (FLEXCoop Project, 2020). Acting alone however, 

individual citizens do not have adequate capacity to make changes. Therefore, many 

of them have come together in various forms of energy communities in a bottom-up 

manner to promote the changes they want based on their own values and needs. This 
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trend is now changing the dynamics of the power system (Bauwens, 2016; Gui & 

MacGill, 2018).  

Among different community types, one of the most popular form is the Citizen 

Energy Community (CEC). It has been recently defined by the Electricity Directive 

under the Winter package. In the definition, CEC means a legal entity: 

(a) “which is based on voluntary and open participation, effectively controlled by 

shareholders or members who are natural persons, local authorities, including 

municipalities, or small- and microenterprises (European Parliament, 2019a);”   

(b) “has for its primary purpose to provide environmental, economic or social 

community benefits to its members or shareholders or to the local areas where it 

operates rather than to generate financial profits (European Parliament, 2019a);”  

(c) “may engage in generation, including from renewable sources, distribution, 

supply, consumption, aggregation, energy storage, energy efficiency services or 

charging services for electric vehicles or provide other energy services to its members 

or shareholders” (European Parliament, 2019a). 

With regard to flexibility, as CECs becoming more professional, they are 

investigating the possibility of extending their roles and the activities they could carry 

out. Using DERs owned by individuals or community (collectively owned assets) to 

change their production or consumption patterns to provide services to themselves or 

other actors, are being considered as a realistic and effective way to increase the 

values of CECs. When a CEC, acts as an energy service company (ESCo), to help 

optimize the energy profiles of individual members or the community as a whole, the 

CEC is seen as the customer of flexibility service. When a CEC, acts as an aggregator, 

pool and control the DERs in the community, group them and provide to other actors 

(e.g. DSO), the CEC is seen as a source of flexibility supply. In addition to this, there 

is also a possibility that, in the future, the CEC could (partially) take the role of the 

DSO, operate and maintain its own network (USEF, 2018). 

 

Supplier  

Since the completed liberalization in the supply side of the electricity market, all 

consumers are entitled to choose their own suppliers. The role of the supplier is 

generally to source, supply, and invoice electricity to its customers (USEF, 2018). 

There are nearly 50 energy suppliers in the Netherlands; among those, the largest are 

Essent (RWE), Eneco, Nuon (Vattenfall), NLE, and BudgetEnergie (De Nuts group) 
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(Netbeheer Nederland, 2019). A summary of the leading electricity suppliers with 

number of their clients is presented in Figure 6 below. 

 

Figure 6 Summary of the leading electricity suppliers in the Netherlands in 2018, by number of clients (Statista, 

2020)  

 

Currently, the supplier does not play any roles in the organization of flexibility. 

However, according to USEF, it might get involved in invoicing flexibility to 

prosumers in certain business models in the future (USEF, 2018). 

To sum up, a summary of actors with their current and emerging roles and tasks with 

regard to the organization of flexibility is presented in Table 12 below. 
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Table 12 Summary of actors in the Dutch power system and their roles related to the organization of flexibility 

Actors Traditional 

role(s) in the 

electricity 

system 

Traditional role(s) related 

to flexibility 

Emerging role(s) related to 

flexibility 

 

Emerging trend(s) 

related to flexibility 

Producer 

Operates a 

variety of power 

plants, wind 

farms, solar 

fields and 

supply energy 

to the grid 

flexibility provider (large 

provider): 

 

Interconnection, CHP, 

CCGT and coal-based 

power plants are primary 

sources of flexibility supply 

in the Netherlands until 

today 

Same role as before 

 

 

More flexibility will be 

provided by 

interconnection while 

the share of domestic 

conventional power 

plants will decline 

drastically 

Consumer 

(Prosumer) 

 

(consumer) 

Passively 

consumes 

electricity 

 

flexibility provider (the 

volume is low comparing to 

producer): 

 

Among different types of 

consumers (prosumers), 

industrial and commercial 

consumers (prosumers) are 

the main contributor (in this 

category) of flexibility 

supply (mostly by demand 

response), residential 

consumers (prosumers) are 

also provider of flexibility, 

but the volume is very 

limited. 

Same roles as before, but more 

consumers are equipped with 

generation units and becoming 

prosumers 

 

Increasing flexibility 

will be provided by 

small-sized end-users 

(household and SME) 

as a result of technical 

empowerment, further 

liberalization of 

electricity markets, and 

increasing the 

formation of CEC. 

This will be achieved 

by demand response 

and also control over 

flexible generation and 

battery system.  

 

Apart from small-sized 

end-users, the 

industrial and 

commercial sector will 

continue to play a role 

in flexibility provision, 

especially the 

development in power-

to-gas (P2G) and 

power-to-heat (P2H) in 

the industrial sector is 

seen to have a great 

potential 

(prosumer) 

Not only 

consumes but 

also produces 

electricity 

TSO 

Develops, 

controls, 

operates and 

maintains HV 

transmission 

grid in order to 

transport a large 

quantity of 

electricity over 

long distances 

Balances supply and 

demand at the national 

level by operating 

balancing markets 

 

Flexibility provider: 

develops and maintains the 

cross-border 

interconnection which is 

another main source of 

flexibility supply  

(1) Customer of flexibility 

services 

 

(2) Platform developer and 

operator of GOPACS  

 

(3) Facilitator to establish 

markets or framework for 

flexibility trading 

 

More flexibility will be 

provided by 

interconnection 

organized by the TSO, 

with the number 

predicted to meet 40-

65% of total annual 

flexibility demand in 

2050 

 

Increasing sources 

flexibility from small-

sized end-users 

(household and SME)  
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DSO 

Operates, 

maintains and if 

necessary, 

extents or 

reinforces the 

distribution 

network to 

safeguard 

electricity in the 

power system is 

delivered to 

end-users in a 

secure and 

efficient way 

Not explicitly (1) Customer of flexibility 

services 

 

(2) Platform developer and 

operator of GOPACS (applies 

to 4 major DSOs in the 

Netherlands at the moment) 

 

(3) Facilitator to establish 

markets or framework for 

flexibility trading 

 

Increasingly get 

involved in the projects 

and initiatives which 

aim to alleviate the 

congestion problems in 

the regional networks 

 

Increasingly sources 

flexibility from small-

sized end-users 

(household and SME) 

for congestion 

management & grid 

capacity management 

and voltage control  

BRP 

Electricity 

market 

participants, 

responsible for 

balancing 

demand and 

supply for its 

portfolio on 

behalf of the 

TSO 

Actively trades electricity 

(flexibility) in various 

markets to keep balance 

position in its portfolio 

while minimizing the 

sourcing cost. By doing so, 

it also helps to reduces the 

need for flexibility in 

balancing markets. 

Customer of flexibility 

services 

Increasingly sources 

flexibility from small-

sized end-users 

(household and SME) 

to reduce the sourcing 

cost and possible 

imbalance penalty  

Supplier 

Source, supply, 

and invoice 

energy to its 

customers 

no Might get involved in 

invoicing flexibility to 

prosumers 

- 

Aggregator 

- - Intermediaries between 

flexibility requesting parties 

and consumers (prosumers) 

- 

Citizen 

Energy 

Community 

- - CEC can act various roles 

concerning flexibility 

depending on the needs and 

value prioritization of its 

participants. It can be: 

 

(1) Energy Service Company 

to help optimize household or 

community energy profiles 

using flexibility (also the 

customer of flexibility service)  

 

(2) Aggregator as 

intermediaries between 

flexibility requesting parties  

its members (also the 

flexibility provider) 

 

(3) DSO to (partially) 

responsible for operating and 

maintaining the community’s 

network 

- 
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4.3.2.2 Material elements 

Material element is an indispensable part of the flexibility & electricity system, by 

which it provides the physical foundation for the interaction between various actors 

regulated and influenced by different forms of institutions. Although these physical 

elements have already been discussed in the actor analysis, this section will explain in 

more detail.  

The physical elements that together form the Dutch electricity (flexibility) system can 

be divided into the material elements for generation, transportation, and consumption.  

 

Generation  

The generation side of the electricity system is still predominantly based on fossil-fuel 

power plants, supplemented by a small proportion of biofuel, nuclear, waste, solar, 

and wind power generation (Dingenen & Besseling, 2020). A figure demonstrating 

the change in electricity production by different sources in the Netherlands from 1990 

to 2018 is present in Figure 7 below. 

 

 

Figure 7 Electricity generation by source, Netherlands 1990-2018 (IEA, 2020) 

According to IEA, coal (29884 GWh) and natural gas (57536 GWh) account for more 

than 75% of domestic electricity production in the Netherlands in 2018; this is 

accomplished by the remaining five coal-fired power plants and a number of different 

forms of gas-fired power plants including CCGT, IGCC, and CHP (Netbeheer 

Nederland, 2019; TenneT, 2019a). Apart from natural gas and coal, oil, nuclear, some 

biofuel and waste are also important sources of energy in the category of centralized 
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power generation, producing electricity from respective forms of thermal power 

plants. The electricity generated from solar and wind has been increasing every year. 

In 2018, they produced 3201 and 10549 GWh respectively, accounting for more than 

12% of the total production, these capacities are achieved by different sizes (small-

scale or utility-scale) and forms of (centralized or decentralized) solar fields and wind 

farms (IEA, 2018). 

With regard to flexibility, as discussed in the actor analysis, interconnection, CHP, 

CCGT, and coal-fired power plants are the four primary sources that are providing 

flexibility today (ECN & Alliander, 2017; Slingerland et al., 2014). Thus, the 

provision of flexibility is still largely relied on the supply side and is fossil-fuel-based. 

The material elements for these units are those centralized thermal power plants and 

HV cross-broader grids (for interconnection). However, more and more flexibility has 

been unlocked from the demand side, provided by both large and small consumers 

(prosumers). For large end-users, the material elements are mostly those production 

processes in the industry and commercial loads, which can be actively shifted or shed. 

As regards to small end users (households and SMEs), they are a number of devices 

and appliances that can be actively controlled which typically refers to heat pump, 

electric vehicle, cooling system, decentralized generation units (PV, small-sized wind 

and biomass) and storage system, etc. (USEF, 2015). 

 

Transportation (transmission+ distribution) 

The transmission and distribution of flexibility is essentially the transportation of 

electricity (when providing flexibility from the supply side). Therefore, this section 

will not distinguish between the concept of electricity and flexibility. The 

transportation part of the infrastructure is divided into HV national grids (110-

380kV), which are operated solely by TenneT and MV/LV distribution grids (below 

110kV) which are operated by several DSOs (Netbeheer Nederland, 2019). 

The transmission grid connects all major power plants, offshore wind fields, and 

cross-broader interconnection points to the Dutch national grid. A map including all 

HV grid operated by TenneT (both onshore and offshore), together with the 

interconnection points, can be found on their website (TenneT, 2020d).  

The regional distribution network starts from primary substations where the electricity 

is turned down by HV/MV transformers to MV. The MV electricity will then continue 

to be transported by the DSO to secondary substations where MV/LV transformers 

tune the voltage level down again to LV at (normally) 400V. After this, LV cables 

will then distribute the electricity to all connecting points of end-users. There are 
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normally 250 to 500 MV/LV transformers connected to one primary substation, and 

one MV/LV transformer connects about 50 and 250 households to the regional 

network. A demonstration of transmission and distribution network in the Netherlands 

is shown in Figure 8. 

 

Figure 8 Transmission and distribution networks in the Netherlands  

 

Consumption 

The material elements for the consumption part of the flexibility & electricity system 

are straightforward. It is different types of loads (industrial, residential, commercial, 

and municipal) at the end of the electrical network to consume electricity. With regard 

to flexibility, it is the loads that can be actively controlled to provide flexibility to the 

power system; this part has been previously mentioned in the last paragraph of the 

generation part.  
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4.3.2.3 Institutions 

This section will describe how flexibility is currently organized in the Netherlands by 

analyzing the most important regulations and laws that are impacting the incumbent 

system. When describing different institutions, an introduction part will be first 

presented to explain what each institution is about and how it has an impact on the 

electricity system, after this, a special paragraph(s) on how these laws and regulations 

could affect the organization of flexibility will be written separately in italics. 

 

Electricity Act 1998 (Elektriciteitswet 1998) 

Electricity Act 1998 has been the most important source of the regulative institution in 

the Dutch electricity sector since it was enacted in 1998 (Dingenen & Besseling, 

2020). It was adopted and translated from the European Directives on electricity 

(96/92/EC) and has been amended many times until today (Elektriciteitswet, 2019). 

The Electricity Act 1998 ended the monopoly positions in the production side, which 

had been previously controlled by four large companies and provided a gradual 

release of monopoly status in the supply side. The Act has determined a liberalized 

market mechanism, in which it stipulates how the electricity system and markets 

should operate and what the actors involved should do and forbid to do (CMS, 2015; 

Dingenen & Besseling, 2020; Fraser & Van Siclen, 1998).  

With regard to flexibility, the full text of the Act does not mention the word 

"flexibiliteit" (“flexibility” in Dutch) and does not explicitly discuss the use of it. 

When describing the tasks of grid operator in Article 16, the Act states the grid 

operators should ensure the safety and reliability of the grids, construct, repair, or 

extend their networks when necessary and maintain sufficient reserve for electricity 

transportation (Elektriciteitswet, 2019). Thus, it can be said that although the Act 

suggests grid reinforcement as the solution for congestion, but it does not exclude the 

use of flexibility. 

It is necessary to note that many of the institutions which will be introduced below are 

actually derivatives or part of this Act; thus, in principle, they should all be discussed 

under this heading. However, for clarity reasons, they are split into the ACM codes, 

tax system, etc. 

 

ACM codes 

The Authority consumer market is an independent regulator in the Netherlands 

assigned to protect the rights of consumers and businesses in different sectors 
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(Dingenen & Besseling, 2020). When it comes to the electricity sector, ACM is 

charged to supervise and regulate electricity markets to maintain a level playing field 

for market participants and safeguard the right of energy consumers.  

ACM fulfills the responsibilities by a set of codes which includes: 

i) tariff codes which determine how network operators should calculate and set the 

rates for the use of the network and their services; 

 ii) technical codes which regulate the electricity system and actors in terms of 

technical standards and requirements, in order to ensure the system operate in a 

reliable and efficient manner and;  

iii) information codes that describe how energy companies should (or should not) use 

and share (customers) information and data (ACM, 2020; Overheid.nl, 2020a, 2020b).  

These codes are the most important subordinate regulations following the Electricity 

Act 1998.  

Among them, the tariff codes are closely related to the use of flexibility. ACM 

determines how network operators like TenneT and Alliander should set tariffs for the 

use of their network. For small-size consumers such as household or SME, the current 

network tariff is fixed, meaning there is no incentive for them to balance their own 

supply and demand by using flexibility. However, when it comes to large end-users 

such as factories in primary industry, they are charged not only for energy 

consumption but also for peak power consumed during each period, so there is a 

strong financial incentive for them to deploy flexibility for peak sheaving. 

 

Climate Act & National Climate Agreement  

Climate Act and National Climate Agreement are parts of the effort the Dutch 

government taken to fight against climate change. These two newly presented 

institutions will largely influence and shape the electricity sector, forcing a transition 

from the fossil-fuel based system to a decentralized clean-energy based system in 

order to meet the promised climate targets (Wieczorek & Berkhout, 2009). 

Climate Act was presented to the parliament in June 2018 and got enacted in July 

2019. The Act sets clear climate targets to reduce the country’s GHG emissions by 

49% in 2030 and 95% by 2050 compared to the 1990 level (Government of the 

Netherlands, 2020a). Apart from this, the Act also introduces a mechanism to ensure 

the stipulated targets are fulfilled. This mechanism tasks the government to present a 

climate plan every five years containing key climate policies and measures to achieve 
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the periodical targets for the following years. The climate plan will be reviewed every 

two years for adjustment if necessary (Klimaatwet, 2019).  

In 2013, the Dutch government and more than forty organizations had signed Energy 

Agreement for Sustainable Growth, an agreement concerning climate change 

mitigation, which was a major step for the Netherlands towards a fully sustainable 

energy future (Rijksoverheid, 2013). National Climate Agreement, stems from this 

agreement, is a new binding agreement between the government and five related 

sectors, namely, built environment, mobility, industry, agriculture, and electricity, 

regarding what the actors in these sectors should do to accelerate the energy transition 

and ensure the stipulated targets will be successfully achieved in a cost-effective 

manner (Government of the Netherlands, 2019). 

With regard to flexibility, Climate Act does not explicitly mention the use of flexibility 

but rather focusing on overall climate targets and general approaches. On the other 

hand, National Climate Agreement covers the topic revolving around flexibility at 

great length. In the agreement, the electricity sector is tasked to reduce its carbon 

emissions by 20.2 Mt; in other words, it means the production from renewable 

sources must be increased to 84 TWh by 2030. In order to integrate such scale of VRE 

production, the agreement explicitly states a significant amount of flexibility must be 

unlocked and effectively used from all possible sources, in terms of time and scope, to 

cope with the variability and uncertainty of future electricity system. The agreement 

stipulates what the government, grid operators, market participants, and other 

relevant actors need to act to safeguard the sufficient supply of flexibility during the 

transition. For example, the central government and market participating parties 

have agreed to review the amendment of laws and regulations as an effort to remove 

the (potential) obstacles to further liberalize the market for flexibility. Grid operators 

and some market participants have agreed to set up a congestion management system 

with an emphasis on the use of local flexibility from the consumer (prosumer). 

Another example is that the market participants, under the supervision of the 

Association of Mechanical and Electrical Engineering (FME) and the help from grid 

operators, will investigate the possibility of establishing a national or European 

standard for the flexibility of devices and appliances as it will be crucial to a well-

functioning market-based solution (Government of the Netherlands, 2019). 

 

Renewable Energy Support Scheme (Stimulering Duurzame Energieproductie SDE+) 

Since its introduction in 2011, SDE+ has been the most important instrument to 

stimulate the utility-scale generation of renewable energy in the Netherlands. Because 

the cost of generating electricity by these sources is still mostly higher than fossil-
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fuel-based generation, the production may not always be profitable. The SDE+ is a 

feed-in-tariff for renewable producers to compensate for their non-profitable part of 

generation cost. However, the scheme is made specifically for promoting renewable 

generation and does not directly relate to the use of flexibility (Netherlands Enterprise 

Agency, 2020; the Ministry of Economic Affairs and Climate Policy, 2020).  

Although it does not directly concern the topic of flexibility, with the financial support 

from SDE+, more flexibility assets (solar or wind capacity) are being integrated into 

the power system from the supply side. At the same time, SDE+ creates more demand 

for the use of flexibility to counteract the variability and uncertainty from these new 

VRE installations.  

 

Tax system 

The Dutch government uses its electricity tax system to generate tax income and 

encourage its citizen to use energy efficiently and sparingly. Currently, consumers in 

the Netherlands need to pay three types of tax on their electricity consumption: 

electricity tax, Opslag Duurzame Energie tax (ODE tax), and Value Added Tax 

(VAT) (Dingenen & Besseling, 2020; Government of the Netherlands, 2020b). 

Electricity tax is the basic tax that consumers pay to their energy suppliers, which will 

be ultimately paid to the Tax and Customs Administration. The tax rate varies 

according to the consumption level, and it changes every year. For small consumers, 

including household and SME with annual consumption of less than 10000 kWh, it is 

set to € 0,09770 for each kWh (Belastingdienst, 2020). Apart from the electricity tax, 

the ODE is a relatively new tax starting from 2013 aimed to stimulate renewable 

energy production. The subsidy scheme SDE+ mentioned above is partially financed 

by the ODE tax. The ODE tax level has been increasing since it was imposed in 2013. 

In 2020, it is set to € 0,0273 per kWh for small consumers (Belastingdienst, 2020). 

Lastly, like most goods and services in the Netherlands, a general VAT rate of 21% is 

levied (after VAT, the electricity and ODE tax become € 0.11822 and 0.03303 per 

kWh respectively). These taxes together compose a large proportion of the price of 

each kWh. However, a certain amount of electricity is considered by the government 

as an essential product for basic needs; thus, up to a certain consumption level, 

consumers do not need to pay taxes. In practice, suppliers would deduct this part from 

energy bills as tax restitution. In 2020, it is set to € 435,68 per connection 

(Belastingdienst, 2020).  

In summary, although part of the tax payment will eventually be reimbursed, tax is 

still a big part of consumers’ electricity bills. Therefore, the government can control 
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taxation to encourage higher electricity efficiency, reduce power consumption, and 

support renewable energy by collecting and redistributing the revenue from the taxes.  

With regard to flexibility, the tax system in the Netherlands does not have a major 

impact on the organization of flexibility.  

 

Tax reduction and exemption scheme  

Apart from the standard electricity tax system, the Dutch government has also 

formulated tax exemption and reduction policies for specific scenarios, in which the 

net metering scheme (Salderingsregeling), the postal code scheme 

(Postcoderoosregeling) and tax reduction for EV charging have relatively larger 

impacts on the flexibility & electricity system. 

 

1) The net metering scheme (Salderingsregeling) 

The net metering scheme (Salderingsregeling) comes from an article (§ 5 article 31c) 

in Electricity law 1998 and has received increasing attention in recent years 

(Elektriciteitswet, 2019). The scheme allows small-sized prosumers to supply self-

generated solar energy back to the grid and have this part deducted from their 

electricity bills. In this way, not only the actual price of the electricity is remitted, but 

also all energy-related taxes can be avoided (milieucentraal, 2019). Under the net 

metering scheme, the payback period for PV panels decreases drastically from 14.2 

years to 7.6 years, causing a surge in the installation of solar penal in the Netherlands 

at the residential level (PWC, 2016).  

Although the scheme has greatly stimulated the popularity of small-scale solar 

generation, it fundamentally removes all incentives for prosumers to use their DER 

assets to balance on the individual level, as it makes the grid as an unlimited battery 

for free. 

There has been a discussion on the abolishment of the scheme due to the decrease in 

solar penal prices and its negative effect on the use of flexibility. However, in 2019, 

the Dutch government has again extended the scheme until 1 January 2023. After 

2023 until 2031, the government will gradually phase out the scheme. From 2031 

onwards, prosumers will only receive the market price for the surplus electricity they 

produce (6 cents per kWh at the current rate) (milieucentraal, 2019; Rijksoverheid, 

2019). The benefit from tax exemption will no longer exist. 
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2) the postal code scheme (Postcoderoosregeling) 

The postal code scheme comes from the Energy Agreement for Sustainable Growth 

mentioned above in the headline of “Climate Act and National Climate Agreement” 

(Rijksoverheid, 2013). The scheme is designed for small-sized consumers, including 

households and SMEs who want to produce their own electricity but do not have 

suitable rooftops for installing generation units themselves (ECoop, 2020; 

hieropgewekt.nl, 2017). Under the postal code scheme, households or companies in 

the same or neighboring zip code areas, can form a cooperative or make use of an 

existing “owners' association” (Vereniging Van Eigenaren in Dutch), collectively 

invest and own a production unit (solar farm or wind turbine). In this case, the 

participants of such projects can get an (at least) 15-year exemption on their electricity 

tax and VAT, corresponding to their share in the production installation. The 

electricity generated from the unit is sold by the cooperative to an energy supplier 

through a bilateral contract with a renewable energy feed-in tariff. A typical payback 

time of such projects is eight years (ECoop, 2020). 

The postal code gives an alternative way for small consumers to participate in the 

energy markets. Although it does not directly concern the use of flexibility, it provides 

more flexibility assets (solar and wind capacity which can be curtailed) into the 

system from the supply side, and at the same time, creates more demand for the use of 

flexibility to counteract the variability and uncertainty from these VRE installations. 

 

3) Tax reduction for EV charging point 

In order to promote electric vehicles, the Dutch government has adopted tax reduction 

scheme for the electricity supplied to EV charging facilities. In 2020, the tax rate is set 

to € 0.05083 as opposed to € 0.09770 for a standard connection point 

(Belastingdienst, 2020).  

Although the scheme does not directly link to the use of flexibility, the tax reduction 

will contribute to further national-wide adoption of EV, which is considered as an 

excellent source of demand responses and battery systems through Vehicle-to-grid 

(V2G) technology. 

 

Clean energy for all Europeans package 

In the Netherlands, the legislative framework in the electricity sector is mostly based 

on European regulations and directives (Dingenen & Besseling, 2020). The European 

directives specify goals and targets which are required to be achieved by each member 
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states; however, each country is free to decide how their goals can be met. The latest 

package of directives is known as the Clean Energy for All Europeans Package or the 

Winter Energy Package (European Commission, 2019). The package consists of eight 

legislative acts. Among them, two are closely related to the use of flexibility, which 

are DIRECTIVE (EU) on the promotion of the use of energy from renewable sources 

and DIRECTIVE (EU) on common rules for the internal market for electricity 

(European Parliament, 2018, 2019a). 

In the Renewable Directive, there are two places that are closely related to flexibility. 

Firstly, the European Commission is tasked to set up a framework to efficiently 

allocate parts of Union funds to the projects which support the integration of VRE, 

especially the projects which help to increase flexibility, alleviate grid congestion and 

maintain grid stability. Secondly, the Directive promotes the idea of cross-broader 

supports for renewable energy production; in this case, the collaborating countries 

need to take into account the potential options (e.g. interconnection) for better 

integration of additional renewable capacity (European Parliament, 2018). 

In the Electricity Directive, there are five major subjects that are closely related to the 

use of flexibility. Firstly, the Directive clearly states the necessity of further 

liberalizing electricity markets to embrace all consumer groups of different size to 

trade their electricity (flexibility) and creating a market mechanism to reward 

flexibility, as these together will play an essential role in achieving sufficient reserve 

to adapt the power system for accommodating more VRE. Secondly, it requests the 

need of independent aggregators as intermediaries between the electricity market and 

consumers to unlock the flexibility potential from the demand side. Thirdly, it 

demands the Member States to provide effective regulations or tools to incentivize 

DSOs to procure flexibility for congestion management. Fourthly, it states that the EU 

members should ensure the end-users who own smart meters can request to have real-

time pricing contracts. Fifthly, it promotes the concept of citizens forming CECs from 

a bottom-up approach to be able to play more important roles in the electricity system 

and supports CECs entering electricity markets on the level playing field with other 

large market players (European Parliament, 2019a). 

It is worth mentioning that it remains unclear how these directives will be translated 

into the Dutch national laws and policies, but the increase of VER in the energy mix, 

further liberalization of electricity markets, the formation of CECs and creation of 

frameworks and tools to support further exploitation of flexibility from the demand 

side are the general trends.  
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4.3.3 Niche Level  

In the previous section, the regime, which describes how flexibility is predominantly 

produced and organized in the Dutch electricity system is elaborated. Next to this, this 

section will describe the niche level, in which the alternative solutions of producing 

and organizing flexibility are presented. 

As mentioned before, as a result of further deployment of VRE and decommission of 

conventional power plants, flexibility in the electricity system is decreasing 

drastically. Thus, more flexibility will be needed from the demand side. Individual 

households and SMEs normally do not have the adequate scale and technical supports 

to provide their flexibility in the wholesale or balancing markets. To this end, a new 

actor - aggregator, can act as a flexibility retailer, pooling, optimizing and controlling 

large amounts of DERs owned by individual end-users and providing it to other 

requesting parties. The role of aggregator has empowered small users with limited 

capacity and controllability to participate in different markets; thus, the enormous 

amounts of flexibility potential in them could be unlocked for the first time (Burger et 

al., 2016; Eid et al., 2015; USEF, 2018). Simultaneously with the concept of the 

aggregator is the popularity of energy community at both policy level and in society 

(Bauwens, 2016; Caramizaru & Uihlein, 2019; Gui & MacGill, 2018). As the energy 

community becoming more professional, they are investigating the possibility of 

extending their roles and the activities they could carry out. Using DERs owned by 

individual members or the community to provide flexibility to themselves or other 

actors, are being considered as a realistic and effective way to increase the values of 

community and support the integration of VRE while maintaining the stability and 

reliability of the grid. 

In this study, the alternative solution - the practice of energy community producing 

flexibility and using it internally or offering to other requesting parties, is defined as 

“the radical novelty” in niche. This practice can be seen as a novelty because it has the 

potential to contribute to the energy transition, but at the same time, it does not fit into 

the current flexibility & electricity system. Thus, small-scale protective spaces, i.e. 

various demonstration and pilot projects that provide room for incubation for this 

novelty have been created.  

A list of community energy projects concerning the use of flexibility, together with 

the project descriptions and sources are summarized in Appendix B: List of 

community projects in the Netherlands concerning the use of flexibility. Among them, 

some community can be seen as the CEC (they are marked in grey cells in the table). 

However, at the time of writing this report, most energy community projects related to 

the use of flexibility in the Netherlands are actually initiated by different consortiums 
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of stakeholders, including government, DSO, TSO, research institute, consultant 

company, etc. These community projects have been set to test and evaluate the 

feasibility and scalability of such radical innovation. However, by definition, a CEC 

should be “effectively controlled by citizens, local authorities and smaller businesses 

whose primary economic activity is not the energy sector” (Roberts et al., 2019) rather 

than a consortium of big players. Thus, in principle, most communities in the table 

cannot be considered as the CEC. For this reason, in this study, when describing this 

novel way of organizing flexibility in niche, a broader term - energy community is 

used.  

In this niche development, the community (in consultation with other actors) decides 

how they want to organize their flexibility by choosing the services they want to 

implement. For example, in cVPP Loenen project, the community decides to 

implement community self-balancing service for the moment, and it has also been 

investigating the possibility of implementing ToU optimization. In this case, the 

flexibility produced is used internally behind the meter (Loenen Energy Neutral, 

2020). On the other hands, in the community of Heerhugowaard (in Energie 

Koplopers 2.0 project), a local flexibility market was established based on USEF, 

enabling the members of this community to provide flexibility through an aggregator, 

to the BRP for portfolio optimization and, to the DSO for congestion management 

(Nellen et al., 2019). In this case, the produced flexibility is offered externally to other 

parties. 

To sum up, in the Netherlands, flexibility is still predominantly supplied by the 

generation side and is fossil-fuel based. Big industrial and commercial consumers are 

also able to supply certain amounts of flexibility by means of demand response, but 

the volume is limited. Meanwhile, the flexibility provided by small-sized end-users, 

including residential households and SMEs, is neglectable. However, the pressure 

from landscape level such as climate change has been forcing the transition in the 

electricity sector. As a result of further deployment of VRE and decommission of 

fossil-fuel-based power plants, which are both required to complete the transition, 

flexibility in the system is decreasing drastically. Thus, in order to maintain the 

stability and reliability of the electricity system under this transition, more flexibility 

is needed from the demand side and also by small-sized end users. 

In recent years, as the results of technical empowerment (e.g. the development in 

DERs and EMS), the roll-out of smart meters and further liberalization of electricity 

markets (e.g. creation of the new actor- aggregator), a much higher volume of 

flexibility is being unlocked and provided from the demand side by small-sized end-

users (USEF, 2018). Moreover, the formation and popularity of energy communities 

spreading out the Netherlands have also provided these end-users more possibility to 
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organize their flexibility. In this study, the practice of energy community producing 

flexibility and using it internally or offering to other requesting parties is defined as 

“the radical novelty” in niche. Although, at the moment, most energy communities 

concerning the use of flexibility are being initiated by large players thus cannot be 

strictly seen as the CEC (as the citizens are not the one to make decisions although 

these projects may represent their values). As the experience and knowledge gained 

from these community projects continues to be summarized and applied, and with the 

continuous advancement of DER and EMS technologies, in the near future, the CEC 

will definitely play a more critical role in organizing flexibility in the energy system, 

contributing to the transition in the Dutch power system. 
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5.  What values can flexibility services in 

the Citizen Energy Communities create to 

their members and other actors in the 

Dutch power system? 
 

In the last chapter, the term “flexibility services” is clearly defined, and the 

categorization of different types of services is presented. This definition and 

categorization will be used throughout the report. The actor analysis in the second part 

of the question gives a detailed actor mapping, which will be used in this question for 

better discussing the values created to other actors. The analysis of institution 

provides a solid basis to discuss the feasibility of carrying out each service in CECs in 

the Netherlands. Based on the findings from SQ1, this chapter aims to investigate the 

second research question, which is formulated as: 

What values can flexibility services in the Citizen Energy Communities create to their 

members and other actors in the Dutch power system? 

The goal of this question is to investigate which flexibility services can be 

implemented in practice in CECs in the Netherlands and what values can each service 

create to their members and other actors in the Dutch power system. The reason for 

including the discussion on the feasibility of implementation is because the 

categorization of flexibility services in the first research question covers (almost) all 

potential types of services; factors such as country specification are not taken into 

account. Thus, under the specific Dutch regulative context (i.e. the regulation and 

laws that are currently being imposed) and considering the size and technological 

preparedness of a CEC, some of the services mentioned in the first question may not 

be implemented in this case. It only makes sense to discuss the values of the services 

when these services can be implemented in practice. Thus, a discussion on their 

feasibility is included. 

This research question is answered based on the literature review and semi-structured 

qualitative interviews. The interviews are used to evaluate the correctness and 

timeliness of the findings during the literature review regarding the feasibility of 

carrying out each service in CECs in the Netherlands and, to serve as a supplement to 

the literature review regarding the values of each flexibility service  
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In this chapter, implicit and explicit services will be discussed separately due to the 

significant difference in the nature of these two services, in which explicit services 

have to be provided based on appropriate market settings and interaction with other 

actors. In contrast, implicit services are less dependent on markets and are done 

internally.  

The structure of this chapter follows as such: in section 5.1, the values of implicit 

flexibility services in CECs will be discussed. Under this section, firstly, the 

feasibility of implementing six different implicit services in the Netherlands will be 

discussed. Next to this, the values offered by these services to community members 

and other actors will be covered. In section 5.2, the same process applies, but the 

discussion at this time will be about explicit flexibility services. In each section, the 

findings from the literature review will be presented first, and it will be followed by 

the insights derived from interviews (which will be written in italics), allowing a clear 

separation between two different data sources. 

 

5.1 Values of implicit flexibility services  

5.1.1 Feasibility of implementing implicit flexibility 

services in CECs in the Netherlands  

With regard to implicit flexibility services in CECs, two general types can be 

distinguished: flexibility service for the prosumer and flexibility service for the CEC. 

These two services are provided based on the same technology and follow the same 

logic; the only difference is that the control and optimization are done on different 

levels, i.e. household level and community level. Since the former can also be 

implemented without being part of a CEC and it essentially brings the same types of 

values, this study will focus on the latter when discussing the values brought by 

implicit flexibility services. 

 

1) Time-of-use (ToU) optimization  

ToU optimization refers to the service that helps the prosumer or the CEC to deploy 

demand-side flexibility to shift loads from high price intervals to low price intervals  

(USEF, 2015, 2018). The price here can be supply costs and/or network costs. This 

service, no matter the level of optimization (household or community level), can be 

carried out in CECs on the condition that the community is offered a dynamic price 

contract, and the community has DERs which could be actively controlled. 
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In practice, according to Mulder’s work (2018), which summarizes all existing 

products in the Dutch electricity retail markets, and Fonteijn et al. (2019), which 

explains the electricity tariff structure in the Netherlands, at the moment, residential 

consumers only have three options (in terms of pricing structure) for their electricity 

contracts: i) fixed contracts which the consumers pay a fixed price for a long duration, 

ii) variable contracts which the price of electricity changes in a 3-6 months basis, and 

iii) variable contracts which the price is differentiated between peak hours and off-

peak hours (two zones) during the day. As for network cost, for residential consumers 

with small-sized connection, there is only one fixed tariff (Liander, 2020). Thus, 

given the current pricing structure in supply and network costs, ToU optimization 

cannot be implemented at the household level. However, for the CEC, a group of 

prosumers as a community would have a stronger negotiation position when dealing 

with their retailer, having a great potential to contract a tariff tailored to their specific 

situation (E. Klaassen & Van Der Laan, 2019). For example, in the Dutch pilot Jouw 

Energie Moment (JEM) 2.0, the dynamic contract reflecting day-ahead price in EPEX 

was offered to the members of this community, a DSO also added an additional 

network cost during the peak hours, these together create an (economic) incentive for 

the prosumers and the community to implement ToU optimization. Although JEM 2.0 

cannot strictly be considered as a CEC, the practice of community contracting a 

dynamic pricing deal is a feasible option. Moreover, as discussed in the first research 

question, the new Electricity Directive in the Winter package supports the concept of 

CECs playing more important roles such as the retailer and the aggregator in the 

electricity markets (European Parliament, 2019a). In this sense, after the translation of 

the Winter Package, the CEC will most likely be able to participate in wholesale 

markets on a level playing field (REScoop.eu, 2019). In this case, the CEC will act as 

the retailer for its members, offering a tailored pricing scheme for ToU optimization 

(European Parliament, 2019a; REScoop.eu, 2019). 

The feasibility of implementing ToU optimization has been asked during the 

interviews. When asked the question, “is there any practice or possibility that allows 

the community as a whole to negotiate with the retailer for a customized electricity 

contract to implement ToU optimization?”. All interviewees said they would imagine 

this can be done. As a group of consumers, the community should have more 

negotiation power when dealing with their suppliers. In addition to this, it is worth 

noticing that interviewee A points out that if a community does manage to contract a 

dynamic tariff with its supplier, it does not mean everyone in that community needs to 

contract the same retailer and have the same product. In the Netherlands, every 

consumer has the right to choose its own energy supplier.  
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2) KWmax control 

KWmax control refers to the service that helps the prosumer or the CEC to deploy 

demand-side flexibility to reduce the maximum load (USEF, 2015). This service, no 

matter the level of optimization, can be carried out in CECs on the condition that the 

DSO exposes the prosumer or the CEC to a tariff component based on the maximum 

load (or connection capacity) for certain time periods (Fonteijn et al., 2019; E. 

Klaassen et al., 2018; USEF, 2015; van der Klauw, 2017). In practice, this service is 

typically designed for Commercial & Industrial consumers as their demand is much 

higher. In this sense, individual prosumers alone do not have adequate scales to 

implement this service. However, control at the community level is a feasible option. 

In the Netherlands, KWmax control for the moment is only (economically) viable if 

the community is considered by the DSO as a single connection point (e.g. 

microgrid). However, according to USEF, in the future, the DSO might also consider 

the community as a virtual single connection point and provide them with similar 

tariff component. In this way, the loads at the aggregated level can be reduced (E. 

Klaassen & Van Der Laan, 2019; van der Klauw, 2017). 

The feasibility of implementing KWmax control has been asked during the interviews; 

the interviewees have confirmed the findings from the literature review (interview A, 

B, C). 

3) Self-balancing 

Self-balancing refers to the service that helps the prosumer or the CEC to deploy 

demand-side flexibility to balance its demand and supply (USEF, 2018). This service, 

no matter the level of optimization, can always be carried out as long as the prosumer 

or CEC has DERs which could be actively controlled. However, this service only 

makes economic sense when the regulation does not allow long-term administrative 

net-metering.  In practice, in the Netherlands, the scheme ‘Salderingsregeling’ allows 

yearly net-metering until 2031, so there is no economic incentive. However, it could 

always be carried out for other values, e.g. environmental value. 

Self-balancing does not reply to any market or specific regulation; the community can 

always carry out self-balancing service. Therefore, the feasibility of implementing it 

was not asked in the interviews. 

A summary of whether CECs in the Netherlands can provide each specific type of 

implicit flexibility services at the moment and in the near future is presented in Table 

13 below. 

 



 

68 

 

Table 13 Overview of the possibility of implementing implicit flexibility services in CECs 

Specific service type Current feasibility  Future feasibility   

ToU optimization No  
Possible  

(if dynamic pricing exists) 

KWmax control No  No  

Self-balancing 
Yes  

(but no economic incentive) 

Yes  

(after 2031) 

ToU Optimization at 

community level 

Possible  

(community negotiation) 

Possible  

(community negotiation + possibility of 

participating wholesale market) 

KWmax control of the 

community load 

Possible  

(if the community is considered by the 

DSO as one connection point) 

Possible  

(there is also the possibility of being 

considered virtually as one point) 

Community 

self-balancing 

Yes  

(but no economic incentive) 

Yes  

(after 2031) 

 

 

5.1.2 Values of implicit flexibility services in CECs 

1) Community self-balancing  

For members of CECs, community self-balancing can bring multiple values. Firstly, 

the service may create economic value; this can be achieved by making use of the 

price difference in grid-supplied electricity and feed-in tariff. Since the former is 

always higher than the latter, by using more electricity behind-the-meter, economic 

value can be created. However, in country that allows net-metering, self-balancing 

might not be a financially viable option. This depends on the duration on which net-

metering is applied; if net-metering is applied for a whole calendar year, for example, 

the regulation in the Netherlands at the moment, self-balancing does not create 

economic value. However, if it applies to a shorter duration, e.g. in an hourly basis 

(currently the case in Denmark), self-balancing can still make economic value by 

using more electricity internally (E. Klaassen & Van Der Laan, 2019; USEF, 2018). 

Secondly, community self-balancing can create technical values for community 

members as it can help to achieve a higher level of self-sufficiency. The independency 

of the community from the central system and markets is seen as technical value. This 

has been widely discussed in the literature, in which the terms used for independency 

are slightly different. Among them, the most commonly used ones are energy 

autonomy  (Gui & MacGill, 2018; McKenna & Keane, 2015), energy autarky (Homan 

et al., 2019) and self-sufficiency (Balcombe et al., 2015; Hicks & Ison, 2018; USEF, 

2018), which all refer to a similar meaning, the situation in which local production in 

the community (partially) covers or exceeds the consumption of the community. By 

implementing community self-balancing service, the DERs can be controlled and 

optimize to maximize the consumption of self-produced electricity. Apart from this, 
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as mentioned in some literature (Hicks & Ison, 2018; E. Klaassen & Van Der Laan, 

2019; USEF, 2018; Walker, 2008), if the community closely matches its demand with 

supply, this service can create islands of security during grid outages, protecting 

members and the community from external disturbance. Thirdly, by implementing 

this service, institutional values can be created to community members. The service 

increases the self-sufficient level so that the community is more independent from the 

centralized system. This creates a sense of ownership among the participants (Walker, 

2008). Besides, it can also empower members to become an actor in the power system 

and empower them to participate in the process which determines the future of the 

energy system. Fourthly, by balancing demand and supply in the community, this 

service can create environmental values as the use of renewable energy in the 

community is optimized, and the need for fossil-fuel-based generation can be largely 

avoided. In addition to this, from the system level, since the implementation of self-

balancing service can help the electricity system to integrate more VRE, it will lead to 

an increase in the share of clean energy generation. Besides, it also has the potential to 

reduce the need for fossil-fuel-based peak power plants as fewer peaks will occur. 

These will all create environmental values to community members. 

For other actors in the power system, community self-balancing can offer two types of 

values to the DSO. When discussing what values implicit flexibility services can 

create to other actors, this study interests in the values created for the DSO. This is 

because the implementation of these services would only have a direct impact on the 

DSO. As mentioned in the introduction part, the integration of VRE has been one of 

the most critical problems under energy transition. This integration could create 

congestion points in the system, which will potentially lead to costly grid 

reinforcement and increase the chances of power outages (McKinsey&Company, 

2019). By organizing DERs including VRE in the community in the form of self-

balancing, the community can minimize its power exchange from the external grid, 

thus minimizing its influence on the DSO. In this sense, this service offers better 

solution for VER integration and can help the DSO to defer or avoid costly grid 

reinforcement or extension, bringing both economic and technical values to the DSO 

(Haque et al., 2019; E. Klaassen & Van Der Laan, 2019; Nizami et al., 2019; USEF, 

2018).  
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2) ToU optimization at the community level  

For members of CECs, ToU optimization can create multiple values. Firstly, the 

service can create economic value. Numerous academic work and pilot projects have 

shown that advanced control mechanisms of populations of DERs based on price 

signal can yield economic benefits to consumers (Fonteijn et al., 2019; USEF, 2015, 

2018; van der Klauw, 2017; Villar et al., 2018). The potential benefits are highly 

subjected to the design of the dynamic tariff, an increase in price volatility will most 

likely increase the potential economic value (Ayón et al., 2017; Iria et al., 2019). In 

order to achieve sufficiently large price volatility, apart from supplying costs, network 

costs and tax component can be rearranged (E. A. M. Klaassen et al., 2015). Secondly, 

the service can create technical values for CEC members. By shifting loads in 

different price intervals, for example, when the loads are shifted to midday when the 

sun shines the most and electricity prices are at lowest, the level of self-sufficiency in 

CECs is largely increased, bringing community more autonomy from the centralized 

energy system (Gerards et al., 2015; Hicks & Ison, 2018; E. Klaassen & Van Der 

Laan, 2019). For the same reasons discussed in the section of community self-

balancing, ToU optimization may also bring institutional and environmental values to 

community members. For example, it can also empower members to become actors in 

the power system. 

From the DSO’s perspective, the impact of ToU optimization can vary substantially 

depending on the price structure implemented. On the one hand, if the dynamic price 

is well designed, for example, by including a Critical Peak Period (CPP) component, 

ToU optimization can create economic and technical values to the DSO by decreasing 

the frequency and the severity of congestion problems (CEDEC et al., 2018; Fonteijn 

et al., 2019; Haque et al., 2019). In the Dutch pilot Jouw Energie Moment (JEM) 2.0, 

the dynamic price reflecting day-ahead wholesale price in EPEX was offered to the 

members of the community. Besides, the DSO also added an additional network cost 

during peak hours to encourage the member to consume less electricity during these 

hours. The design of this tariff structure is called CPP. By implementing CPP, or 

similar tariff structure, the frequency and the severity of congestion problems will 

decrease. On the other hand, when the pricing method is not properly managed. For 

example, if the optimization is purely performed based on wholesale price, this 

service could even create new peaks. This problem will increase even further in future 

scenarios where prosumers in CECs have more PV, EVs, and heat pumps installed 

(Gerards et al., 2015; McKenna & Keane, 2015). 
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3) KWmax control of the community load 

For community members, multiple values can be offered by KWmax control of the 

community load. Firstly, the service may bring economic value. By reducing the peak 

load of the community at the aggregated level within a predefined time, the 

community as a whole can reduce its network usage costs, so members of the 

community could benefit from it financially (E. Klaassen & Van Der Laan, 2019; 

USEF, 2018). In practice, KWmax control is achieved by matching community 

demand with supply to constrain the maximum load within a limit. In this sense, it is 

essentially another form of self-balancing, but the goal in this case is to keep the peak 

load in a limit instead of maximizing self-consumption level. Thus, all other values 

(technical, institutional, and environmental values), which have been described in 

community self-balancing, can also be realized in this service. In addition to this, 

envisioned by UESF (2019), the CEC in the future may also have the possibility to 

take the role of the DSO and to (partially) operate its own local grids. In this case, the 

community could use KWmax control for constraint management to optimize the 

operational performance of the gird and delay local grid investment costs. So the 

service can also create economic and technical values in this case (E. Klaassen & Van 

Der Laan, 2019). 

From the DSO’s perspective, similar to community self-balancing, this service can 

create both economic and technical values as it helps the DSO to reduce the frequency 

and severity of the congestion so the operation of the DSO can be optimized, and the 

grid reinforcement can be deferred or avoided.  
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5.2 Values of explicit flexibility services 

 

5.2.1 Feasibility of implementing explicit flexibility 

services in CECs in the Netherlands 

1) Flexibility services for the DSO 

As more congestion problems in the regional girds occur, DSOs have been trying to 

investigate the alternatives for extensions and reinforcements. Numerous literature 

have concluded the use of available flexibility from the demand side as a cost-

effective and practical solution (E. Klaassen & Van Der Laan, 2019). With regard to 

CECs, DERs in the community can be aggregated by an external aggregator or 

community itself to unlock its flexibility potential to provide such services to the DSO 

(Brouwers & Mierlo, 2019; DNV GL, 2018; Fonteijn et al., 2019; Nellen et al., 2019).  

There are currently two options for the community in the Netherlands to offer 

flexibility to the DSO. The first one is through bilateral contracts and is mostly done 

based on USEF. In this case, if a DSO is interested in controlling congestion issues in 

the area where the community is located, two parties can have an agreement contract 

which details how much and how frequent flexibility is needed, and how to reimburse 

community for controlling their flexibility assets, etc. Apart from this option, CECs in 

the Netherlands can also participate in GOPACS. GOPACS, as introduced in the first 

research question, is a newly-launched market platform in which DSOs can purchase 

flexibility from market parties to prevent regional congestion (GOPACS, 2019; 

TenneT, 2020c). It aims to resolve the problem in a market-oriented way, so both 

large and small players could have the opportunity to make profits from their DERs 

and contribute to solving the congestion problems. With regard to the technical 

requirement for participation, the entry-level for GOPACS is relatively low. Unlike 

the complicated procedure and high entry-level for balancing markets, GOPACS does 

not have specific requirements for ramp rate, response time, full activation time, 

duration time, and also there is no prequalification process before participating. 

Moreover, compared to 1 MW in most products in balancing markets, the minimum 

bid size is only 0.5 MW in GOPACS (GOPACS, 2019; TenneT, 2020c). These all 

together contribute to a lower entry-level so that CECs in the Netherlands could also 

have sufficient scales to join.  

The feasibility of implementing flexibility service for the DSO has been asked during 

the interviews. The findings from the literature have been confirmed. Most 

interviewees consider the DSO as the biggest potential party for the provision of 

flexibility in CECs. Furthermore, one interviewee working on the GOPACS project is 
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asked more details about the platform. In addition to the findings in the literature, it is 

found that if the community is geographically within the congestion management 

area, even 0.1 MW of flexibility could be interesting to the DSO. In this case, clients 

can make their biddings through a specific portal of GOPACS, which is made for the 

specific purpose as congestion management operation. On the other hand, if the 

community is not within a congestion management area (more than 80% of the time), 

the entry-level is 0.5 MW. CECs that can provide such capacity reliably can 

participate. Besides, interviewee C also confirms the findings in the literature 

regarding USEF. USEF has been developed and used in the past three years; most of 

the congestion management projects in the three biggest DSOs are done through 

USEF. However, by 2021, bilateral contracts will also be traded through GOPACS 

instead of using USEF. 

 

2) Flexibility services for the TSO 

As discussed in the first research question, apart from developing, operating, and 

maintaining the HV transmission grids, the main task of the TSO is to maintain the 

balance between supply and demand at the system level (Dingenen & Besseling, 

2020; Lampropoulos et al., 2018). Once there is an imbalance occurred, the TSO will 

resort it by purchasing and dispatching the capacity in balancing markets. 

Traditionally, the TSO assumes this capacity is offered by conventional units such as 

centralized thermal power plants, hydropower plants (especially the ones with pump 

storage) and interconnections, although more and more academic sources and pilot 

projects propose more heterogeneous providers from the demand side such as battery 

and EV (Vicente-Pastor et al., 2019; Villar et al., 2018). When it comes to CECs, 

DERs in the CEC could potentially be pooled and controlled by an external 

aggregator or community itself to provide such services (balancing products) to the 

TSO based on the already existing balancing markets (Next Kraftwerke, n.d.; van der 

Veen & Hakvoort, 2016). 

In this study, the flexibility services provided by CECs to the TSO are Frequency 

Containment Reserve (FCR), Automatic Frequency Restoration Reserve (aFRR), 

Manual Frequency Restoration Reserve (mFRR) and Replacement Reserve (RR), 

which together referred as balancing services. It is important to understand if and 

which specific balancing product CECs can provide, given its DER portfolio and 

capacity limitation. Thus, in the following section, this study will introduce the 

technical and institutional requirements of each product in balancing markets and 

discuss whether CECs in the Netherlands can provide such services reliably in 

practice. 
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Figure 9 Overview of different products in balancing market in consecutive order (entsoe, 2017) 

The TSO uses a set of products to restore the imbalance in the system. As presented in 

Figure 9 above, the restoration process starts with the activation of FCR. FCR 

instantaneously balances out frequency deviations, it does so by automatically 

activating capacity in the opposite direction of the imbalance (entsoe, 2013; USEF, 

2018). Assets that provide FCR directly react to frequency change (thus an electronic 

device responding to the frequency is required) and deliver needed capacity 

continuously throughout the day. The capacity provided by FCR lasts up to 15 

minutes. Thus, within 15 minutes, another capacity has to be activated, and it is 

regulated to be replaced by aFRR. For activating aFRR, an automatic Load Frequency 

Control (LFC) system is used. The LFC sends signals every 4 seconds to the 

balancing service providers (BSP) in which it indicates how much and in which 

direction the capacity needs to be activated. Comparing to FCR, aFRR has a slower 

reaction time, assets which provided aFRR need to respond to the signal in 30 seconds 

and be fully activated in 15 minutes  (with the ramping rate of 7% per minute) in 

order to free the FCR in time so it could be available again in case another imbalance 

occurs. However, in case of incident or long-lasting imbalance, for example, a 

production failure of a large power plant, aFRR will not be sufficient to resort and 

maintain the balance. In this case, mFRR will be activated. TenneT will use mFRR 

product (both mFRRda or mFRRsa depending on the situation needed) until enough 

aFRR becomes available again, or the balance is adequately restored (Müller, 2019a, 

2019b, 2020; SON-SY, 2019). Although stated in ‘Network Code on Load-Frequency 

Control and Reserves’ report from ENTSO-E and described in USEF as a service, RR 

is always an optional reserve type, and the Dutch TSO has not yet chosen to 

implement it. Thus, RR is excluded from this study. 

Apart from RR, all products described above have specific technical and institutional 

requirements which could potentially be barriers for CECs to energy the markets. 
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Based on a thorough literature review on Tennet’s reports regarding balancing 

products, all requirements, together with the conclusion on whether CECs could 

potentially participate, are summarized in Table 14 below. 

Table 14 Summary of requirements for products in Dutch balancing markets (Müller, 2019b, 2019a, 2020; SON-

SY, 2019) 

Requirement FCR aFRR mFRRda mFRRsa 
Minimum Bid 

size 
1 MW 1 MW 20 MW 1 MW 

Response time Real-time 30 s 
the moment of 

activation   

the moment of 

activation 

(activation takes 

place one or two 

ISP before actual 

delivery)  

Ramp rate 50% in 15 s 7% per min no requirement  no requirement  

Full activation 

time 
30 s 15 mins 

Downwards:10 

mins 

Upwards: 15 

mins 

respond time 

Activation 

method 

Automatic 

frequency control 
LFC system 

Activation 

email sent by 

Tennet / call 

Activation email 

sent by Tennet / 

call 

Duration 
Less than 15 

mins 
At least 15min At least 1 hour At least 15 mins 

Prequalification 

test 
yes yes yes no 

Contracting 

method 

Daily capacity 

auctions (day-

ahead) 

Contracted bids: 

 

First, monthly, 

and weekly 

capacity auctions. 

Secondly, BSPs 

who win auction 

place bids for 

every ISP for the 

next deliver day 

 

Or Free bids 

Contracted bids: 

Firstly, monthly 

and quarterly 

capacity 

auctions, 

Secondly, BSPs 

who win 

auction place 

bids for every 

ISP for the next 

deliver day 

Free bids 

 

Financial 

settlement 

Remuneration 

based on 

availability/ 

capacity 

(€/MW/day) 

Remuneration 

based on 

capacity/ 

availability 

(€/MW/ week or 

month) + 

remuneration on 

energy delivered 

or consumed 

(€/MWh) 

Remuneration 

based on 

capacity/ 

availability 

(€/MW/ quarter 

or month) + 

remuneration on 

energy 

delivered or 

consumed 

(€/MWh) 

Remuneration 

based on energy 

(€/MWh) 

 

CEC 

applicability 
No  Yes No  Yes  

Reason 

high technical 

requirement: 

devices need to 

- 

Large minimum 

bid size 

required 

 

- 
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be activated in 

real-time 

Long activation 

duration 

required  

 

It can be concluded from the table that it is not possible for CECs to provide FCR or 

mFRR services. The former is because FCR needs to be provided in real-time, so an 

electronic device responding to the frequency is required, which is not possible 

technically for a community. The latter requires a large minimum bid size (20 MW) 

and long activation time (more than 1 hour), so it is also not possible for CECs to 

implement.  

The feasibility of implementing flexibility service for the TSO has been asked during 

the interviews. The findings from literature have been confirmed. All participants 

agree that CECs can potentially provide balancing services to the TSO (interview A, 

B, C, D). Adding to these findings, there are some notes worth to be mentioned: 

interviewee A points out minimum bid size is 1MW, but the community needs to 

consider how much risk is associated with providing the services. If the community 

makes deals with a TSO, then it has an obligation to fulfill the requests from the TSO. 

There will be a penalty if the community cannot manage to deliver. Besides, 

interviewee C also adds that a minimum size of 1 MW does not mean 1 MW of PV 

production. For participating in such balancing markets, there needs to be (a lot) 

more capacity reserve in the community that can be freely controlled. 

 

3) Flexibility services for the BRP 

It is always common for the BRP to use flexibility in its portfolios to maximize profits 

by reducing sourcing costs or balancing costs (USEF, 2015, 2018). In the 

Netherlands, during the past few decades, a substantial quantity of flexibility has been 

leveraged in the industrial sector (Tennet, 2018). As proposed by many literature and 

also some practical implementations in pilot projects, demand-side flexibility from 

prosumers can also be used to optimize the BRP’s portfolios, creating a new 

possibility for value creation (Fonteijn et al., 2019; Nellen et al., 2019; SWECO, 

2015; Villar et al., 2018). When it comes to CECs, DERs owned by the community or 

its members could be pooled and controlled by an external aggregator or the 

community itself to provide such services based on the already existing wholesale 

markets. In this study, the flexibility services provided by CECs to the BRP are day-

ahead optimization, intraday optimization, self/passive balancing, and generation 

optimization, which together referred to as wholesale services. Among them, 

generation optimization refers to the process of using flexibility to optimize the 

production schedule of centralized thermal power plants in the BRP’s portfolios. 



 

77 

 

However, this is not a service that a CEC could offer since it is not (economically and 

technically) realistic for a community to possess such generation units and against the 

(environmental) value of participants. Thus, this service is excluded in this study. The 

remaining three services can be (potentially) implemented by CECs. 

The feasibility of implementing flexibility service for the BRP has been asked during 

the interviews. The findings from literature have been confirmed. All participants 

agree that CECs can potentially provide wholesale services to the BRP (interview A, 

B, C, D).  

 

5.2.2 Values of explicit flexibility services in CECs 

1) Flexibility services for the DSO 

Explicit flexibility services are the services to serve the needs of others rather than 

communities themselves. It is essentially aggregating and selling the flexibility in 

CECs to the requesting parties. Thus, different from implicit ones, the main purpose 

of implementing these services (from the community’s perspective) is to increase the 

economic value of flexibility. Thus, for community members, the main value created 

is economic value. Members could receive financial rewards for agreeing to respond 

to the DSO’s requests through (external or community-acted) aggregators to adjust 

their consumption or generation profiles. The remuneration is given to the aggregator, 

and a portion of it will be passed to the members (Heinrich et al., 2020; Heussen et al., 

2013; USEF, 2015, 2018). Besides, these services can offer a cost-effective solution 

for VRE integration at the system level, so they will potentially increase the 

penetration level of renewables and reduce the need for peak fossil-fuel based 

generation, having the potential to create environmental values (Bouloumpasis et al., 

2019; Davarzani et al., 2018; E. Klaassen et al., 2018; Villar et al., 2018).  Lastly, 

institutional value is created by empowering small domestic consumers to participate 

in electricity markets (Walker, 2008). 

From the DSO’s perspective, these services can create multiple values and have a 

profound impact on the operation of the DSO. Firstly, flexibility services for the DSO 

can create economic values by different means. The traditional way to avoid voltage 

violations or network overloading is grid reinforcement. However, sever peak only 

happens few times a year (e.g. during extremely cold days), making reinforcement not 

a cost-effective option (Heinrich et al., 2020; Morstyn et al., 2019). Although different 

alternatives have been proposed to alleviate congestion (e.g. distribution locational 

marginal pricing (DLMPs)) (Haque et al., 2019), flexibility services provided by the 

prosumer has been identified by numerous studies as the most practical and economic 
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way of doing it (Bouloumpasis et al., 2019; CEDEC et al., 2018; Heussen et al., 

2013). Different studies have compared the total system cost of reinforcement with 

the case of using these services. According to Okur et al., (2018), by implementing 

congestion management, the total system costs decreased 10-15%. In this sense, 

implementing these services can delay or even avoid investments for reinforcement of 

transformers and power lines, bringing huge economic value for the DSO. Secondly, 

these services can also create technical value. In extreme cases, the DSO could use the 

flexibility provided by CECs to prevent from power outages. In normal 

circumstances, the DSO could increase its operational efficiency. By reducing peak 

loads, the lifetime of components can be extended, and the grid losses can be reduced 

(USEF, 2018). 

 

2) Flexibility services for the TSO 

For CEC members, these services can bring three different values. Firstly, community 

members can receive financial rewards for agreeing to respond to the TSO’s requests 

through (external or community-acted) aggregators to adjust their consumption or 

generation profile, thus creating economic value. The remuneration is given to the 

aggregator, and a portion of it will be passed to community members (USEF, 2015, 

2018). Secondly, these services also create environmental values as the balancing 

services provided by CECs could potentially reduce the need for conventional fossil-

fuel-based spinning reserve (Capellán-Pérez et al., 2018; van der Klauw, 2017; Zhou 

et al., 2018). Besides, institutional values are created by empowering small domestic 

consumers to participate in the balancing markets. 

From the TSO’s perspective, the values created are multiple. Firstly, there are 

technical values. With the decommission of centralized power plants and rapid uptake 

of VRE, the capacity reserve for system balancing has been decreasing. Flexibility 

services for the TSO provided by CECs could be used to compensate for the potential 

deficiency to maintain the stability and security of the future grid (SWECO, 2015; van 

der Veen & Hakvoort, 2016; Vicente-Pastor et al., 2019; Zhou et al., 2018). Apart 

from this, due to the instant responsiveness of some DERs (e.g. battery and EV), these 

services can be provided in markets closer to real-time, complementing traditional 

dispatches but without blocking generation capacity (California ISO, 2015; Zhang & 

Kezunovic, 2016), which together will result in a more efficient and economic 

operation of the system (from both the TSO’s and producer’s perspective). Secondly, 

these services can also offer economic value to the TSO. Purchasing flexibility from 

DERs in CECs prevents the system from dispatching costly peak generators (van der 

Klauw, 2017). Besides, as more CECs are eligible to provide such services on a level 
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playing field, liquidity in the markets will increase, and the price for sourcing 

balancing capacity will potentially decrease in the future. 

 

3) Flexibility services for the BRP 

Comparing to the other two explicit services, the values of flexibility services for the 

BRP are straightforward. This is because the BRP only plays a market role in the 

power system. For participants of CECs, the values created are threefold. Firstly, 

economic value is offered. Members of CECs receive (financial) rewards for agreeing 

to respond to the BRP’s requests through (external or community-acted) aggregators 

to adjust their consumption or generation profile. The remuneration is given to the 

aggregator, and a portion of it will be passed to the members (USEF, 2015, 2018). 

Besides, institutional values are created by empowering small domestic consumers to 

participate in the wholesale electricity markets. Lastly, the BRP can use flexibility in 

CECs to remedy day-ahead forecast errors for VRE, since the unpredictability and 

intermittency are among the biggest barriers hindering the further deployment of 

VRE, these services will promote better integration of these resources. By potentially 

increasing the share of clean renewable energy and decreasing fossil fuel-based 

generation, these services will bring environmental values.  

From the BRP’s perspective, the main value created is economic value. By using day-

ahead or intraday portfolio optimization, the BRP can utilize flexibility provided by 

CECs in its client base to reduce its sourcing cost (purchase of electricity), this can be 

traded via either a (day-ahead and intraday) exchange or by bilateral agreements 

(Ayón et al., 2017; Hansen et al., 2013; Iria et al., 2019; SWECO, 2015; USEF, 

2015). Besides, by implementing self-balancing service, the imbalance in the BRP’s 

portfolio can be reduced or canceled out, decreasing the possibility of getting 

imbalance charges from the TSO. This is especially true for BRPs which have 

portfolios with high penetration of renewables. In this case, fast and multiple 

adjustments are needed in intraday markets to remedy the imbalance caused by 

prediction errors or unforeseen events, demand-side flexibility provided by CECs can 

be a reliable and cost-effective source. Apart from these three services, in the 

Netherlands, passive balancing service provided by CECs could also be an option for 

BRPs to create economic value, this service has not been widely discussed in 

academic work. However, in practice, Tennet can compensate for the effort a BRP 

makes to reduce the imbalance at the system level by strategically deviate its own 

balancing position. In this case, the BRP needs to carefully calculate the difference 

between the remuneration and the imbalance penalty both from the TSO and also take 

into account the predictability of the total imbalance (USEF, 2015, 2018). 
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6.  What economic value can flexibility 

services in the Citizen Energy Communities 

create to their members? 
 

In the last chapter, different values which flexibility services in CECs can offer to the 

actors in the Dutch electricity system have been identified and qualitatively analyzed. 

Based on the findings from the previous question, this chapter aims to investigate the 

third research question, which is formulated as: 

What economic value can flexibility services in the Citizen Energy Communities 

create to their members? 

This chapter will narrow the scope of the actors analyzed and focus solely on the 

community members, the goal of this question is to quantify and analyze the 

economic value that the flexibility services in CECs can bring to their members.  

The structure of this chapter follows as such: in section 5.1, a discussion will be given 

to justify why ToU optimization at community level is selected as the service to be 

quantified. In section 5.2, a three-step presentation on how simulation is set up and 

how the economic value is quantified will be given. Section 5.3 will conclude the 

chapter by presenting a reflection on the simulation results. 

 

6.1 Selection of flexibility service  

As explained in the method part, in this study, in order to quantify the economic value 

of flexibility services for prosumers in CECs, a case study of cVPP Loenen is carried 

out. Thus, when deciding which service to be selected, the scale of the Loenen 

community, the types and numbers of DERs in the community, and the technical 

preparedness of the community has to be taken into account (for more information, 

please see 3.3.4). 

As mentioned in the first research question, in general, there are two types of 

flexibility services, namely, implicit and explicit flexibility services. This section will 

discuss them separately.  

For explicit services, considering the fact that the community at the moment only has 

40 participants with a limited number of DERs, including 40 PV, 3 EV, 4 PHEV, and 

7 HP, the flexibility offered by the community is limited. According to a project 
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internal deliverable, even if all potential DERs in the Loenen Village are counted 

(including the assets which are not yet registered in the project thus not connected to 

the EMS), a rough estimated (maximum) flexibility capacity from the generation side 

is around 1.2 MW (when 150 PV are counted), while the flexibility from the demand 

side is only 54 kW for HP (when 10-11 HP are counted)  and 37-220 kW for EV  

(when 10-20 EV are counted). Comparing to this estimation, the amounts of actual 

flexibility cVPP Loenen can offer for the moment is much lower. However, the 

market entry-level for providing flexibility is higher. For example, in balancing 

markets, the minimum bid size needs to be at least 1MW while in GOPACS, it needs 

to be at least 0.5 MW. Thus, for the moment, it is still not feasible for cVPP Loenen to 

provide explicit flexibility services. The project leader of cVPP Loenen also 

confirmed this during the interviews, “considering the scale of the community, for the 

moment, we are not ready to offer flexibility to other parties. The focus now will be to 

use flexibility internally. However, the community has been accumulating experience 

and preparing for participating in flexibility related markets when the number of 

participants reaches a certain scale.” (interview A). Thus, explicit flexibility services 

are excluded in this analysis as the community has not reached the adequate size to 

participates in the markets. 

With regard to implicit flexibility services, as discussed in 5.1.1 before, firstly, there 

is no economic incentive to implement self-balancing because of the net-metering 

scheme; KWmax control of the community load is only financially viable if the 

community is considered by the DSO as a single connection. However, this is not the 

case for cVPP Loenen, so this service is also excluded; the last option is ToU 

optimization, as discussed before, a group of members in the community could have a 

stronger negotiation position when dealing with their retailers, having a great potential 

to contract a tariff tailored to their specific situation. After contracting a dynamic 

tariff, ToU optimization can be carried out. In this case, community members in cVPP 

Loenen can benefit from it financially. This is seen as the only way (for the moment) 

for cVPP Loenen to implement if one of the community goals is to maximize 

economic value. 

Apart from the analysis based on literature, during the interviews, all interviewees are 

asked the same question:  

Under the current setting, which service do you think would be the best choice for a 

CEC (take cVPP Loenen as an example) to implement if (one of) the aim of using 

flexibility is to maximize the economic value? Why? 
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Most interviewees replied with the same answer, which is ToU optimization. Thus, 

considering the previous analysis and the answers from interviewees, ToU 

optimization at the community level is selected as the service to quantify in this study.  

 

6.2 Quantification of economic value 

6.2.1 Steps 1: Generating energy profiles of cVPP 

Loenen before optimization 

The first step to quantify the economic value of chosen flexibility service – “ToU 

optimization at community level” is to construct one-year energy profiles of cVPP 

Loenen to gain insights in the year-round energy flows. This is done, as explained in 

the method part, by using the ALPG tool. The energy profiles obtained in this step are 

before optimization.  

After configuring input data and setting up the scenario to be simulated, energy 

profiles of cVPP Loenen, as the sum of smart meters of the households in the 

community, for current (40-household case) and future (100-household case) 

scenarios are visualized. Firstly, the energy profiles for the whole year of 2020 are 

visualized in Figure 10 and Figure 11.  

 

Figure 10 Energy profile of 40 households for one year 
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Figure 11 Energy profile for 100 households for one year 

Since the current (40-household) scenario is established based on real data of the case 

study, some insights from the cVPP project can be used to verify the accuracy of the 

simulation results of ALPG. Therefore, Step 1 will show and analyze the 40-

household scenario. The 100-household case is also simulated for the analysis in Step 

2 and 3; it will not be presented in Step 1 due to the similar patterns of the two 

scenarios and the space constraints. 

It can be seen from Figure 10, in general, the consumption level during the wintertime 

is higher, this can be explained by the presence of 7 heat pumps operating in the 

winter to maintain room temperature. The production from PV is much higher during 

the summertime. The highest record of solar production in the whole year is 148.7 

kW. Next to this, for bigger precision of observation, the figures will focus on two 

weeks in April, at the same time, energy profile for EV will also be presented to show 

the change of energy flow at the device level, they are visualized in Figure 12 and 

Figure 13 below. 

 

Figure 12 Energy profile for 40 households for two weeks in April 
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Figure 13 Energy profile for EV for two weeks in April (aggregated level) 

At the community level, the visualization of simulation results closely resembles the 

energy use pattern in reality. It has two peaks in demand including a peak in the 

morning (between 6 and 7 am) when community members get up and prepare for the 

day, the demand on average is around 15 kW at the community level. Another peak 

occurs when everyone in the community gets back home (between 6-8 pm), in this 

period, EV would start to be charged, and most devices including for example TV, 

lights and washing machine would be switched on. The demand on average is around 

30-40 kW at the community level in April. Apart from this, the production peak 

occurs every day between 12 am to 2 pm. The amounts of electricity produced each 

day depend on the weather of that day. The weather condition is reflected by solar 

irradiance level, which is an input for the simulation. 

At the (aggregated) EV level, the peak demand of EV charging is around 25 kW to 35 

kW; this is the demand when all EVs in the community charge at the same time. 

These values are in line with the actual number and capacity of EV in the community 

(i.e. 3 EVs with average charging power of 7.4 kW and 4 PHEVs with average 

charging power of 3.7 kW). As explained in the method part, the simulation starts 

with generating occupancy profiles. It can be seen from the figures that during 

weekends, members are simulated in a way that they do not go to work, so there is no 

need for charging their vehicles. Thus, the demand for EV during weekends is much 

lower comparing to the rest of the week. 

After the simulation in Step 1, the resulted energy profiles in both current (40-

household) and future (100-household) scenarios are sent to DEMkit to perform 

optimization. 
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6.2.2 Step 2: Generating energy profiles after 

optimization 

The scenario built from ALPG (the energy profiles without optimization) is then 

connected with DEMKit to simulate the entire model of the smart grid, perform 

optimization and generate the energy profiles of cVPP Loenen after optimization.  

As explained in the last section, ToU optimization at community level is chosen as the 

optimization strategy. This service could potentially reduce prosumer’s electricity 

bills by shifting loads from high price intervals to low price intervals or, in some 

cases, by directly shedding loads during high price intervals (USEF, 2015). In this 

case, the EMS will be oriented on cost minimization and steered based on price 

signal. Thus, a dynamic electricity price is needed to enable the community to exploit 

the available flexibility by shifting between different price intervals.  

A dynamic price reflecting the wholesale spot price should be determined as input for 

optimization. This type of price is defined by EURELECTRIC (2017) as real-time 

pricing (RTP). In RTP, the prices in the wholesale markets are directly passed to the 

final end-users. At the moment of this study, such contracts are not common in the 

Netherlands (i.e. all big retailers do not have such products). However, the concept of 

dynamic pricing is largely promoted by the Clean Energy Package. Article 11 in the 

Electricity Directive states that the EU members should ensure the end-users who own 

smart meters can request to have real-time pricing contracts (European Parliament, 

2019a). For the purpose of this study, all members of cVPP Loenen are assumed to 

sign a dynamic price contract with their suppliers. The day-ahead wholesale price in 

EPEX SPOT is used (entsoe, 2020). The hourly price rate for the entire year of 2019 

(8764 intervals) is combined with 21% of VAT, this data is then sent as the price 

signal to the DEMKit for ToU optimization. The output of DEMKit is extracted and 

visualized by Grafana. By constructing the query, Grafana is used as an interface to 

select, aggregate, and plot the desired data. Energy profiles on the different 

aggregated level (the community, the household, and the device level) on different 

time scales (year, month, day) are presented in the figures below to demonstrate how 

ToU optimization could affect the demand and supply patterns of cVPP Loenen. Step 

2 will only present and analyze the 100-household case as they have relatively more 

DERs, so the changes in their profiles would be more significant. The 40-household 

case is also simulated for Step3, it will not be presented here due to space constraints. 

Firstly, the energy profiles of 100 households before and after optimization for one 

year are visualized in Figure 14 below. 
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Figure 14 Comparison of energy profiles of 100 households for one year (before and after optimization) 

In the figure, the red line represents the energy profiles without any optimization 

(same figure as Figure 11), while the green line indicates the optimized profiles. It can 

be observed that after the community optimizes its energy use based on price signal, 

the community gets higher and more frequent peaks. On average, the peaks in the 

optimized case are around 200 kW, while in extreme cases, they can reach over 290 

kW. As opposed to this, in the unoptimized case, the peaks can hardly surpass 100 

kW (with a maximal peak at 193 kW). This situation (the rise in the peaks) has been 

widely discussed in various publications. When all households in the community get 

the same price signal, the entire community will tend to shift its loads together to the 

periods where the electricity is cheapest. Therefore, the peaks are hardly reduced and 

in many cases, they become even larger (Gerards et al., 2015; McKenna & Keane, 

2015; van der Klauw, 2017). However, the aim of this chapter is to use ToU 

optimization to create economic value to the community members rather than helping 

the DSO to reduce peak loads. Beyond that, it is known from the interviews that the 

Loenen village is not located in the congestion management area. Thus, for the 

moment, it is not the DSO’s concern to reduce the peak load.  

Next to this, in order to better explain the optimization mechanism, the visualization 

focuses on a two-week period in April, in which the energy profiles for the entire 

community and the profile for EV (at the aggregated level) are both presented. In 

these two figures, the red line represents the energy profiles before optimization, 

while the green line indicates the optimized profiles. 
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Figure 15 Comparison of energy profiles of 100 households for one week in April (before and after optimization) 

 

Figure 16 Comparison of energy profiles of EV on aggregated level (100 households) for one week in May (before 

and after optimization) 

It can be seen from the figures that the loads in both the community level and the EV 

level are shifted from high price to low price intervals. To be more specific, a table 

containing price variation in EPEX spot on a typical day (16th February 2019) is 

presented below (Table 15). This table is combined with the figures above to explain 

how varying prices could impact the energy use in the community. 

Table 15 Wholesale price variation in day-ahead market at EPEX spot (entsoe, 2020) 

Time  0 1 2 3 4 5 6 7 8 9 10 11 

Price  49.81 48.14 43.56 43.91 44.19 48.4 52.15 54.45 60.91 66.63 69.61 46.9 

Time  12 13 14 15 16 17 18 19 20 21 22 23 

Price  43.10 43.56 45.02 47.93 50.95 56.66 64.29 91.86 56.23 49.21 51.22 49.2 

 

It can be seen from the table that electricity prices have two high periods in a day: one 

is from 8 am to 10 am; and the other is from 6 pm to 8 pm. The lowest electricity 
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prices are at midnight when everyone is asleep and at noon when the solar generation 

(at the national level) is the largest. Responding to this variation, the community uses 

ToU optimization to shifts loads between different price intervals. In Figure 15, the 

consumption level of the unoptimized case (red line) is concentrated in the period 

with the highest prices (8-10 am and 6-8 pm). This is because the same behavior 

pattern is shared among most people in the Netherlands, which leads to an increase in 

demand in certain time and also accordingly, price of electricity. By implementing 

ToU optimization (shown in the green line), the demand peaks in the morning and 

night are significantly reduced and shifted to the periods with lower prices, i.e. 

midnight and midday. At the (aggregated) EV level (in Figure 16), it means the 

community shifts the charging time of EVs to midnight when there is no other 

consumption and the prices are at the lowest. 

Same patterns can be observed with higher precision in Figure 17 below, in which the 

energy profile for the community for two days in November is visualized.  

 

Figure 17 Comparison of energy profiles of 100 households for two typical days in November (before and after 

optimization) 

The demand peaks from 5 to 9 pm on the 9th of November are largely reduced and 

shifted to after 1:00 am the next day when the price is at the lowest. This is mostly 

achieved by shifting EV charging time and by optimizing the battery charging 

schedule. 

To sum up, in both scenarios, ToU optimization successfully helps the community 

shift its loads from high price to low price intervals. The simulation results are then 

extracted from Grafana and coupled with economic data such as network tariff and 

taxes to calculate the economic value of this service. This will be explained in Step 3. 
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6.2.3 Step 3: Economic analysis 

The output of DEMKit is then combined with economic data to carry out the analysis. 

The electricity price paid by the end-user in the Netherlands can be grouped into three 

general clusters: payment for network cost, payment for supply cost, and payment for 

taxes. A detailed demonstration is shown in Figure 18 below. 

Accordingly, in this study, the economic data used for these clusters are listed in 

Table 16. The data (electricity supply tariff) for the flat contract is derived from the 

most common product of Essent, the largest electricity retailer in the Netherlands. Tax 

rates (Energy tax and ODE) are taken from the government database (Belastingdienst, 

2020). Data regarding network cost is obtained from the Liander database, and the 

category of ‘1-fase > 1 x 10A en 3 fasen t/m 3 x 25A bemeten’ is chosen as most 

residential consumers are linked to 3*25A connection (Liander, 2020). The fixed 

tariff is determined and charged by retailers; this is set to be € 6 per month and kept 

the same between two contracts for the sake of fair comparison. A summary of the 

data sources is detailed in the method part. In addition to this, there is one data needed 

for calculation that has not been clarified. After the phase-out of the net-metering 

scheme in 2031, prosumers will only receive compensation from their energy 

suppliers for the excess solar produced. This compensation is based on market prices 

and is different in suppliers (milieucentraal, 2019). After consultation with the project 

team, this value is set (assumed) to be € 0.06 per kWh. 

 

 

 

 

Figure 18 Decomposition of end-user’s electricity prices in the Netherlands 
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Table 16 Economic data used in this analysis 

Final 

price of 

electricity 

General type Specific type Unit 
Flat contract 

(incl. VAT) 

Dynamic 

contract 

(incl. VAT) 

Supply cost 

Electricity supply tariff €/kWh 0.0755 'hourly rate EPEX' 

+ 21% VAT 

Fixed tariff  €/year 72 72 

Network cost 

Connection service €/year 23.8258 

Real-estate transport €/year 21.78 

Capacity-dependent transport  €/year 174.66 

Measuring services  €/year 36.4030 

Taxes 

Energy tax €/kWh 0.11822 

ODE tax €/kWh 0.03303 

VAT tax - 21% 

 

In this study, the economic value of flexibility service is defined as the difference 

between the average annual cost of electricity paid by the members of cVPP Loenen 

under two different settings. The first setting is that all members of cVPP Loenen 

receive a flat price contract (which is the current situation for all members) and there 

is no optimization of the energy use in the community. The second setting is that all 

members in the community as a group negotiate with their suppliers, and sign a 

dynamic price contract. The EMS in the community is set to optimize energy use 

based on the price signal to minimize electricity costs. In a word, ToU optimization is 

the flexibility service chosen to be quantified in this study, and the economic value of 

this service is calculated by comparing the difference between the average electricity 

cost of each member under these two different settings.  

Moreover, in each setting, two different regulative contexts are added: a context with 

the net-metering scheme and one without it. As explained in the first research 

question, the net metering scheme (Salderingsregeling) allows prosumers to supply 

self-generated solar energy back to the grid and have this part deducted from their 

bills. In this way, not only the actual price of electricity is remitted, but also all 

energy-related taxes can be avoided (Rijksoverheid, 2019). The Dutch government 

has extended this scheme until 1 January 2023. After 2023, the government will 

gradually phase out the scheme. From 2031 onwards, prosumers will only receive a 

market price for the surplus electricity; the benefit from taxes will no longer exist 

(milieucentraal, 2019). The inclusion of these two regulative contexts is important 

because it allows the discussion on how ToU optimization will perform and how 

much economic value it can create in the future after 2031. 

Until now, two scenarios (40 and 100 households), two regulative contexts (with or 

without net-metering), and two settings (flat contract without optimization and 

dynamic contract with optimization) are explained. The output data from DEMKit, 
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together with the economic data present in Table 16 are then used under different 

combinations of these conditions to calculate the average cost of electricity and are 

used to analyze the economic value of this service. The calculation results are 

presented in Table 17 and Table 18 below. The former presents the results for the 40-

house scenario while the latter presents the 100-house scenario. 

Table 17 Economic analysis of the 40-house scenario 

Regulative scheme 

Flat contract 

no optimization 

Dynamic contract 

ToU optimization 

average cost average cost 
saving / 

earning  

Net-metering -149.78 -131.47 
-12.2% 

（earn less） 

Post net-metering 222.49 273.30 
22.83% 

(saving) 

 

Table 18 Economic analysis of the 100-house scenario 

Regulative scheme 

Flat contract 

no optimization 

Dynamic contract 

ToU optimization 

average cost average cost 
saving / 

earning 

Net-metering -81.88 -91.62 
11.90%  

(earning) 

Post net-metering 339.28 258.52 
23.80% 

(saving) 

 

According to the calculation results, some interpretations can be drawn. 

In all unoptimized cases, under net-metering, members of cVPP Loenen in both 

scenarios (40 and 100 household) are actually earning money. Electricity production 

is higher than the consumption at the community level for the year 2020. This is in 

line with the measurement data. The measurement data shows that, at the aggregated 

level, the community produces more electricity than it consumes from January to 

June, which is half of the calendar year. At the moment of writing this report, it is still 

in August, so it is early to say whether the community will be electricity positive for 

the entire year. Besides, the fact that the community members are earning money 

instead of paying for their bills (at the community level) is also in line with the real 

situation. However, after 2031, members of the community need to pay for their 

electricity use; this is mostly because their tax benefit from net-metering scheme does 

not exist anymore. In the 40-household scenario, members need to pay € 222.49 on 

average while in the 100-household scenario, they pay € 339.28. The difference in the 

electricity payment is mainly due to the increase in the energy consumption. Members 



 

92 

 

in the 100-household scenario on average own more DERs, which leads to a 

significant increase in the consumption level. 

Next, the performance of ToU optimization is analyzed; the 100-household scenario is 

first discussed. Under the net-metering scheme, before optimization, community 

members could earn € 81.88, while after the community implements ToU 

optimization, the members could earn 11.9% more. In another case, when net-

metering is gone, community members pay €339.28 and €258.52 before and after the 

optimization, which indicates 23.8% of savings on members’ electricity bills. The 

results above demonstrate how ToU optimization could impact members’ electricity 

costs. The increase in the earnings under net-metering (11.9%) and the decrease in the 

energy costs without net-metering (23.8%) are seen as the economic value of this 

particular service.  

However, in the 40-household scenario, the performance of this service is less 

effective. Without net-metering, community members can save up 22.83% after 

implementing the service. Though comparing to the 100-household scenario (23.8%), 

the saving is less. This can be explained by fewer DERs (per household) present in the 

current setting, thus less flexibility can be unlocked and valorized. The results are 

even worse under the net-metering scheme. The earnings of the community members 

dropped from €149.78 to €131.47, a decrease of 12.2% after implementing the 

service. This could possibly be explained by the following reasons: (i) under net-

metering, the production side plays a critical role in the final electricity bills. While 

the production is very high that can cover the consumption over the year, there is no 

battery in the system in this scenario to help shift the electricity produced. So, the 

performance of ToU optimization is compromised; (ii) at the same time, the 

community also has relatively fewer DERs, so the amounts of flexibility that can be 

unlocked is limited. These two reasons together with the changes in the price of 

electricity, lead to a negative effect on the final bills. While in the 100-household 

scenario, with the same regulative setting and same dynamic tariff, the community 

can increase its earnings by 11.9%. This is mostly due to the increase in the number of 

DERs and the addition of batteries in this scenario. 

To sum up, the results show that in general, apart from the last case, after the 

community performs ToU optimization, no matters with or without net-metering, the 

community can receive economic benefit. Under net-metering, community members 

can generate more revenue (more than 10%), while without net-metering, members 

can save up on their bills (more than 20%). In a word, ToU optimization at the 

community level has a clear economic value to the members of the community. The 

exact number in euros depends on the community settings and the regulation imposed. 
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But in general, more DERs creates more flexibility, meaning more economic value of 

this particular service can be observed. 

6.3 Discussion  

It is worth noting that there are two general trends that could potentially increase the 

economic value of ToU optimization, but they are not taken into account during 

calculation. This will be discussed in this section. 

1) Fluctuations in prices 

According to the National Climate Agreement, as the efforts to fight against climate 

change and meet the targets set in the Climate Act, the Netherlands will boost up 

electricity production from renewable sources (mostly from wind and solar) by at 

least 84 TWh before 2030 (Government of the Netherlands, 2019). The power output 

of these VRE units, unlike centralized power plants, varies greatly during the day. 

Thus, the large-scale integration of these sources will bring about a more volatile 

wholesale market. The effect of the integration of VRE on the volatility of the 

wholesale markets has been confirmed in different studies (Pereira et al., 2017; Woo 

et al., 2011). As discussed in the second research question, the potential economic 

benefits of ToU optimization are highly subjected to the dynamic tariff. An increase 

in price volatility will be most likely to increase the potential economic value (E. A. 

M. Klaassen et al., 2015; USEF, 2015). Thus, the economic value of ToU 

optimization will also be likely to see an increase in the future as the electricity 

markets becoming more fluctuating. 

 

2) Future role of CEC 

As discussed in the first research question, the new Electricity Directive in the Winter 

package strongly promotes the concepts of citizens forming CECs in a bottom-up 

manner to gain adequate scales for playing more important roles in the electricity 

markets. In this sense, after the translation of the Winter Package at the national level, 

CECs will most likely be eligible to participate in the wholesale markets on a level 

playing field (REScoop.eu, 2019), meaning they not only might be able to purchase 

electricity directly from the market, but also sell the surplus back and be adequately 

remunerated (European Parliament, 2019a; REScoop.eu, 2019). In this case, CECs 

will act as suppliers for their members, offering hourly changing wholesale prices or 

tailored pricing schemes for ToU optimization. This will potentially lead to an 

increase in the economic value of the service. Moreover, if the community itself can 

act as a supplier, the role of traditional supplier will become needless. In this case, the 

fixed tariff within the supply cost (€72 per year), which is normal seen as a service 
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cost for the supplier, will be taken away. This will also bring economic value to 

community members. 
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7.  Conclusion and discussion  
 

The aim of this master thesis is to gain a comprehensive understanding on the topic of 

flexibility services in Citizen Energy Communities. The thesis attempts to answer the 

main research question, which is formulated as “What values can flexibility services 

create to the Citizen Energy Communities and other actors in the Dutch electricity 

system?” Three sub-questions are designed in this research in order to formulate an 

answer to the main question, Chapter 4, 5 and 6 each encompasses the analysis of one 

of the three sub-questions. This chapter will conclude the most important findings in 

previous chapters and present a discussion revolving around the findings that are 

articulated and constructed to formulate an answer to the main research question. 

The purpose of designing the first research question in this way is because this study 

attempts to present a comprehensive picture of the concept of flexibility services in 

the first place, which can be used as a basis for the analysis in the next two sub-

questions. The first research question can be further divided into two parts. In the first 

part, a clear definition of flexibility services together with the categorization of 

different types of services are presented. Since a definition of flexibility services has 

not been found in academia and industry, it is considered to be essential and also 

useful to clarify this concept. In order to propose the definition, this study first 

discusses what is flexibility and how it can be provided as services separately and 

then articulate these two concepts together to draw the final conclusion, in which it is 

defined as “Any services provided by individual or aggregated (residential, 

commercial or industrial) prosumers to flexibility requesting parties (DSO, BRP, and 

TSO) or prosumers themselves, in reaction to external signals (price signal or 

activations), by modifying the consumption and/or production pattern, in order to 

facilitate the reliable and cost-effective management of variability and uncertainty in 

the electricity system.” This proposed definition is considered to cover the full range 

of possible flexibility services that have been discussed in the literature and 

implemented in practice in pilot projects. Next to this, adapt from flexibility types in 

USEF, a categorization of flexibility services together with the description for each 

service are presented. This categorization serves as a detailed and specific version of 

flexibility service definition, which will be used throughout the research as the basis 

to determine the values offered by each specific service. In this study, the flexibility 

services can be first categorized into two general groups: explicit flexibility service 

and implicit flexibility service. When the flexibility is collected from prosumers and 

provide to other parties (TSO, DSO, and BRP), the service is described as explicit 

flexibility services; When the flexibility is used internally behind the meter for “in-
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home optimization,” it is referred as implicit flexibility services. Besides, in CECs, 

flexibility can also be used to optimize the energy use of the community at an 

aggregated level; this will bring more possibility and create additional values. In this 

case, because the flexibility within the community is used internally rather than 

offering to other parties, and because the optimizations are performed “behind the 

meter of the community,” they are also considered as implicit flexibility services. 

Next to the general categorization, implicit and explicit service can be further 

categorized into sub-services. In this study, implicit flexibility services can be further 

divided into six different services, including ToU optimization (at household level and 

community level), self-balancing (at household level and community level), and 

KWmax control (at household level and community level). At the same time, explicit 

flexibility service can be further split into different types, including flexibility service 

for the DSO, flexibility service for the BRP, and flexibility service for the TSO. This 

categorization and description of the specific service form a solid basis for the 

analysis in the next two research questions, because the identification and 

quantification of values in flexibility services are discussed upon the specific type of 

service categorized and defined in this question.  

The second part of the first research question is designed to unpack the complexity 

and dynamics of the Dutch electricity system and present the whole picture of how 

flexibility is organized in it. It is found that in the Netherlands, flexibility is still 

predominantly supplied by the generation side and is fossil-fuel based. Big industrial 

and commercial consumers are also able to supply certain amounts of flexibility by 

means of demand response, but the volume is limited. Meanwhile, the flexibility 

provided by small-sized end-users, including residential households and SMEs, is 

neglectable. However, the pressure from landscape level such as climate change has 

been forcing the transition in the electricity sector. As a result of further deployment 

of VRE and decommission of fossil-fuel-based power plants, which are both 

required to complete the transition, flexibility in the system is decreasing. Thus, in 

order to maintain the stability and reliability of the electricity system under this 

transition in a cost-effective way, more flexibility is inevitably needed from the 

demand side and by small-sized end users. In recent years, as the results of technical 

empowerment (e.g. the development in DERs and EMS), the roll-out of smart meters 

and further liberalization of electricity markets (e.g. creation of the new actor- 

aggregator), a much higher volume of flexibility is being unlocked and provided from 

the demand side by small-sized end-users (USEF, 2018). Moreover, the formation and 

popularity of energy communities spreading out the Netherlands have also provided 

these end-users more possibility to organize their flexibility. With the experience and 

knowledge gained from these community projects continue to be summarized and 

applied, and with the continuous advancement of DER and EMS technologies, in the 



 

97 

 

near future, it is considered that the CEC will play a more critical role in organizing 

flexibility in the energy system, contributing to the transition in the Dutch power 

system. In addition to the findings presented above, in the process of answering this 

question, due to the method used, some useful insights have also been generated. 

These insights provide a basis for the discussion for the next two questions. In the 

regime level, in order to clearly explain how flexibility is predominantly organized, 

the current flexibility & electricity system is divided into three elements: actor, 

institution, and physical material. Among them, the actor analysis gives a detailed 

actor mapping, which is used in the second research question for discussing the values 

created to different actors in the power system. The institution analysis forms a basis 

for discussing the feasibility of implementing each service in CECs in the second 

research question and also for selecting the specific service to be quantified in the 

third research question. Besides, the discussion on the Winter Package, the Dutch 

Climate Act, and the National Climate Agreement, gives more clarity on how the 

future of the electricity system in the Netherlands will look like and how important 

the role of the CEC will be. These insights are also incorporated during the discussion 

in the next two research questions. 

The second research question is formulated as “What values can flexibility services in 

the Citizen Energy Communities create to their members and other actors in the 

Dutch power system?” To answer this question, firstly, this study investigates which 

flexibility services can be implemented in practice in CECs in the Netherlands. It is 

found that at the moment, ToU optimization and KWmax control cannot be 

implemented at the individual level, but they might be carried out at the community 

level. Besides, there is no restriction for implementing self-balancing services but also 

no economic incentive to do so. For explicit flexibility service, it is found that 

GOPACS has a relatively low entry-level, so most of the communities with flexibility 

larger than 0.5 MW can participate. In balancing markets, FCR and aFRRda cannot be 

provided by the CEC because of high technical requirements and large bidding size. 

For the BRP, apart from generation optimization service, all three services can be 

implemented in CECs as the entry-level of wholesale markets are also low.  

Next to this, the discussion on values created by different service to community 

members and other actors are presented. In implicit flexibility service, it is found that 

economic, technical, environmental, and institutional values are created to community 

members. Among them, the economic value is created differently in three distinct 

services. ToU optimization uses the price difference in different intervals; KWmax 

control makes use of tariff component which is based on maximum load and/or 

connection capacity; self-balancing takes advantage of the price difference between 

grid-supplied electricity and feed-in tariff. It is important to mention that these three 
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services are not strictly separated. For example, by implementing ToU optimization or 

KWmax control, a certain level of self-balancing will be achieved. Apart from 

economic value, technical value is achieved by reaching a higher level of energy 

independence; institutional value is created by creating a sense of ownership among 

the participants and empowering the participants to become actors in the power 

system; environmental value is created by optimizing the use of VRE and reducing 

the consumption on fossil-fuel-based electricity at the community level. Apart from 

community members, values are also created to the DSO. By implementing self-

balancing, KWmax control and ToU optimization (in the case when the price signal is 

well designed), economic and technical values can be brought to the DSO as peak 

demand will be largely decreased and there will be fewer congestion issues. These 

services will increase the operational efficiency in the system; delay or avoid costly 

grid reinforcement; reduce the transmission loss and also increase the lifetime of 

components in the network. As for explicit flexibility service, they are the services to 

serve the needs of the others rather than CECs themselves; it is essentially aggregating 

and selling the flexibility in communities to the requesting parties. Thus, different 

from implicit ones, the main purpose of implementing these explicit services (from 

the community’s perspective) is to increase the economic value of flexibility. Thus, 

for community members, the main value created is economic value. Apart from this, 

the implementation of these services offers cost-effective solutions for VRE 

integration, thus having the potential to increase the share of clean energy generation, 

bring environmental values to community members. Besides, institutional values are 

created by empowering small domestic consumers in the community to participate in 

the different electricity markets (GOPACS for DSO, wholesale for BRP, balancing for 

TSO).  It is worth noticing that, in reality, the community does not need to choose just 

one service; instead, the community can choose to implement multiple services from 

the same portfolio. For example, a CEC can provide balancing service in the morning 

to the TSO and congestion management in the afternoon to the DSO. Another 

example could be, implementing community self-balancing in most of the time and 

provide congestion management service to the DSO when needed. In these cases, the 

values brought by these services are stacked. Members of the CEC can benefit from 

all values created by different flexibility services at the same time. 

In the third research question, since this study is especially interested in the values 

created to community members, this question narrows down the scope of the analysis 

and focuses solely on the community members. The goal of this question is to 

quantify and analyze the economic value that the flexibility services in CECs can 

bring to their members. This question is answered primarily by a complex simulation 

work, based on a case study of an energy community project named cVPP Loenen. 

For this specific community (with 40 members and several DERs), ToU optimization 
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at the community level is chosen (for more information, please see section 6.1). The 

simulation results indicate that, after the community implements ToU optimization, 

no matters with or without net-metering, the community can receive economic 

benefits. Under net-metering, community members can generate more revenue. While 

without net-metering, the members can save up on their electricity bills. In a word, 

ToU optimization at the community level generates economic value to members of 

the community, the exact number in euros depends on the community settings and the 

regulation imposed. Next to this, two potential trends in the near future, the increase 

in price volatility in the wholesale markets and the future role of the CEC as the 

supplier, can both contribute to an increase in the economic value quantified before.  

The results derived from the economic analysis of this specific case cannot describe 

the full picture and potential of economic value of flexibility services. CECs of larger 

scale may have better opportunities by participating in some flexibility-related 

markets and potentially get more economic benefits. However, this case study is 

particularly important. Because under the current Dutch regulative context, for the 

CECs with similar size and in similar settings, this is the only option they have if one 

of the community goals is to maximize economic value of flexibility services. In 

addition, this case study can also provide insights for the CECs with larger scale 

aiming to implement ToU optimization. According to the findings in this study, more 

DERs create more flexibility in the community, meaning more economic value of this 

particular service can be created for the members of these larger communities. 

These findings and conclusions lead up to an answer for the main research question: 

for members of CECs, when implementing implicit flexibility services, economic, 

technical, environmental, and institutional values can be created. Given the current 

Dutch regulative context, ToU optimization at the community level is the service that 

can implement practically and, at the same time, offers the most economic value. The 

results from the simulation indicate that more than 20% of savings can be obtained in 

some cases by implementing this service. When implementing explicit flexibility 

service, economic, institutional, and environmental values are created to CEC 

members. From the perspective of other actors in the Dutch power system, when 

implementing these flexibility services in CECs, mostly, technical and economic 

value can be created to the DSO, the TSO, and the BRP, respectively. 
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8.  Limitations and future research 

8.1 Limitation and assumption  

Although efforts have been made during the whole process of conducting this 

research to increase the research quality, this study still has some limitations. 

The first limitation is related to the assumptions made during the simulation work and 

economic analysis. These assumptions might deviate from reality, which could 

potentially affect the simulation outcomes and the final results of economic analysis. 

Firstly, some input data for the simulation tools are determined based on assumptions. 

The household type plays an important role in the simulation process as energy 

profiles for different household settings (e.g. a single person household comparing to 

a household of 5 people) vary largely. As the data for the household number for each 

type among 40 households is unknown (due to privacy issue), after the consultation 

with the project team, it is decided this value will be assumed (calculated) 

proportionally based on the data for the whole village of 1445 households. It is 

unclear how similar these two cases would be, but it is assumed that the household 

mix in the whole village can reflect the situation of these 40 households. Besides, the 

technical specification for some devices is also assumed, which might not precisely 

reflect the real situation in the community. However, the impact of these differences 

on the final results is considered insignificant. Secondly, assumptions are also made 

for economic data. All members of cVPP Loenen are assumed to contract the same 

product (“flexibel”) from the same retailer (“Essent”). Another assumption for 

economic data is to use the wholesale price data of 2019 to represent the price in 2020 

since the price for 2020 has not completed yet. 

Secondly, in this study, the quantification of the economic value of flexibility services 

is based on one case study with a very specific community setting. In this setting, ToU 

optimization at the community level is considered as the only feasible service under 

the current Dutch regulative context that could generate economic value for the 

members of this specific community. However, larger communities with higher 

penetration level of DERs could potentially participate in other markets such as 

GOPACS, in which their economic value would be calculated differently, but this 

possibility is not considered during the research due to time constraints. However, this 

study succeeded in quantifying and analyzing the economic value for this specific 

case, and it also provides insights for communities with similar scale and settings. 

The third limitation is related to interviews. The biggest potential limitation here is the 

number of interviews conducted. Even though the interview is not the main data 

collection method, and also, valuable information has been collected in all interviews, 
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the results might have been divergent compared to the case when more participants 

would have been interviewed. Besides, the answers given during the interviews are 

their personal opinions or reflections; these views do not represent the position held 

by the companies they are representing. If another person from the same company had 

been interviewed, the final results might have been different. Moreover, due to the 

pandemic, all interviews have been conducted online. If these interviews could take a 

face-to-face approach, the conversations could have become much more interactive 

and might stimulate more insights from the interviewees. The same limitation goes to 

the whole process of conducting this research, due to the pandemic, the author of this 

study did not have the opportunity to go to the company (Qirion) or to the Loenen 

community to have closer communication and interaction with the project team. This 

might have helped the author to understand the practical operation of a CEC to a 

greater extent, which might have the possibility to contribute to this research. 

8.2 Further research  

This section is formulated to provide suggestions for future research, which can add to 

and complement this report.  

Firstly, this study has been executed during the time of wide political discussion, and 

it is unclear for the moment how the Dutch government will translate the Winter 

Package to national regulation and law. The outcome of this translation process will 

directly and significantly impact the values of flexibility services in CECs. For 

example, if and to what extent CECs can participate in electricity markets on a level 

playing field, whether a dynamic pricing tariff will be commonly accessible for 

consumers, if and how much the bidding sizes in different markets decrease so the 

community can also participate, etc. These will all have a direct impact on value 

creation. Thus, similar studies could be carried out after the translation of the Winter 

Package. 

Secondly, in this study, the third research question quantifies the economic value of 

flexibility service in CECs. There are various possibilities for future research on this 

topic. The answer to this question is based on a case study and focus on a very 

specific community setting. Thus, in the future, research could be done to investigate 

the economic value in communities of different scales, different penetration level of 

devices, etc. For example, a community of 300 participants with high penetration 

level of DERs would have a much larger flexibility capacity which allows them to 

provide the services cVPP Loenen for the moment cannot offer, e.g. balancing 

services, so the quantification of economic value would be different and should be 

calculated and analyzed separately.  
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Thirdly, when economic value is created in the community, for example, by selling 

available flexibility to the DSO for congestion management, how this economic value 

could be fairly distributed among the members reminds unclear. This could be a 

direction for future research. 

Lastly, if a CEC has certain DERs that can be actively controlled and the members are 

interested in implementing flexibility services, in this case, the community needs to 

decide and choose a certain type (s) of services to implement. How can a community 

choose and what factors a community needs to take into account when deciding which 

services to implement is another field that can be investigated in future research.  
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12.  Appendix A: Definition of flexibility in 

literature  
 

Year Definition Source 

Grey literature  

2011 the extent to which a power system can modify electricity production or consumption 

in response to variability, expected or otherwise. In other words, it expresses the 

capability of a power system to maintain reliable supply in the face of rapid and large 

imbalances, whatever the cause 

(IEA, 2011) 

2014 On an individual level flexibility is the modification of generation injection and/or 

consumption patterns in reaction to an external signal (price signal or activation) in 

order to provide a service within the energy system. 

(EURELECTRIC, 

2014) 

2015 the modification of generation injection and/or consumption patterns in reaction to an 

external signal (price signal or activation) in order to provide a service within the 

energy system 

(European 

Commission Smart 

Grids Task Force 

Expert Group 3, 

2015) 

2016 the ability to adapt to dynamic and changing conditions, for example, balancing 

supply and demand by the hour or minute, or deploying new generation and 

transmission resources over a period of years 

(Electric Power 

Research Institute, 

2016) 

2017 the active management of an asset that can impact system balance or grid power 

flows on a short-term basis, i.e. from day-ahead to real-time 

(ENTSO-E, 2016) 

2018 the modification of generation injection and/or consumption patterns, on an 

individual or aggregated level, often in reaction to an external signal, in order to 

provide a service within the energy system or maintain stable grid operation 

(CEDEC et al., 2018) 

2018 the capacity of the electricity system to respond to changes that may affect the 

balance of supply and demand at all times 

(Council of 

European Energy 

Regulators- 

Distribution Systems 

Working Group, 

2018) 

2018 all relevant characteristics of a power system that facilitates the reliable and cost-

effective management of variability and uncertainty in both supply and demand 

(IEA, 2018) 

2018 the capability of a power system to cope with the variability and uncertainty that VRE 

(variable renewable energy) generation introduces into the system in different time 

scales, from the very short to the long term, avoiding curtailment of VRE and reliably 

supplying all the demanded energy to customers. 

(IRENA, 2018) 

Scientific literature 

2012 the ability of a system to deploy its resources to respond to changes in net load, where 

net load is defined as the remaining system load not served by variable generation. 
(Lannoye et al., 
2012) 

2013 the ability of a power system to cope with variability and uncertainty in both 

generation and demand, while maintaining a satisfactory level of reliability at a 

reasonable cost, over different time horizons. 

(Ma et al., 2013) 

2013 The flexibility of the system represents its ability to accommodate the variability and 

uncertainty in the load-generation balance while maintaining satisfactory levels of 

performance for any time scale. 

(Holttinen et al., 
2013) 

2015 ‘the system’s capacity to respond to fluctuations concerning demand and supply of 

energy, in order to create a continuously balanced system 
(Van Der Burg et al., 
2015) 
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2016 “the ability of a resource, whether any component or collection of components of the 

power system, to respond to known and unknown changes in power system 

conditions at various operational timescales. 

(E. Ela et al., 2016) 

2018 the ability of a resource, whether any component or collection of components of the 

power system, to respond to the known and unknown of power system conditions at 

various operational timescales 

(Erik Ela et al., 2018) 

2018 the possibility of modifying generation and/or consumption patterns in reaction to an 

external signal (price or activation signals) to contribute to the power system stability 

in a cost-effective manner 

(Villar et al., 2018) 

2019 a power adjustment sustained at a given moment for a given duration from a specific 

location within the network 
(Fonteijn et al., 
2019) 
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13.  Appendix B: List of community 

projects in the Netherlands concerning the 

use of flexibility  
 

Project 

(community) 

name 

Description Service Sources 

 

Jouw Energie 

Moment 2.0 

JEM 2.0 took place in the Dutch city of Breda (91 

households). The dynamic electricity tariff 

reflecting day-ahead price in EPEX was offered 

to 91 households in the community. At the same 

time, the DSO also added an additional network 

cost during the peak hours (CPP). This together 

creates an (economic) incentive for the prosumers 

and the community to implement ToU 

optimization to shift their demand according to 

the price signal. 

ToU 

optimization 

at the 

community 

level  

(Senfal, 

2019) 

Energie 

Koplopers 2.0 

Energie Koplopers 2.0 took place in the city of 

Heerhugowaard (203 households). A local 

flexibility market was established based on 

USEF, enabling the community members to 

provide flexibility via aggregator to both the BRP 

and the DSO.  

Flexibility 

service for 

the BRP 

(portfolio 

optimization)  

 

Flexibility 

service for 

the DSO 

(congestion 

management) 

(Nellen et al., 

2019) 

Power 

matching city  

Power matching city took place in Hoogkerk (40 

households). A local, equilibrium electricity 

market was established through a combination of 

microeconomic theory and control theory. By 

using the available flexibility in the community to 

trade (match) the demand and supply, the 

community maximizes the level of self-

sufficiency at the community level and helps the 

DSO to alleviate congestion problems. 

Community 

self-

balancing  

 

(DNV GL, 

2018) 

cVPP Loenen Community-based Virtue Power Plant Loenen 

took place in the Dutch village of Loenen (40 

households at the moment). It is a bottom up 

initiative which completely runs and operates by 

the members of the community. At the moment, 

the community uses the energy management 

system (EMS) to meet the demand with the local 

supply. They also want to explore the possibility 

of making use of dynamic pricing by ToU 

optimization. In the future, if the community 

reaches sufficient scale, they are also preparing 

for aggregating and selling flexibility to other 

parties, especially to the DSO for congestion 

management. (please see 3.3.4 for detailed 

information) 

 

Community 

self-

balancing 

 

ToU 

optimization 

at the 

community 

level 

 

 

Future: 

Explicit 

flexibility 

services 

(Interreg 

North-West 

Europe 

cVPP, 2020; 

Mourik et al., 

2019; van 

Summeren et 

al., 2020) 
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Gridflex 

Heeten 

Gridflex Heeten took place in the Dutch village 

of Heeten (49 households). The community has 

been granted an exemption to the electricity law. 

Thus, the local energy cooperative, Endona, can 

act as energy supplier in a defined area for 10 

years. Using the EMS installed in every 

household to optimize the production, 

consumption and battery use, the community 

aims to maximize the self-sufficiency level. 

Community 

self-

balancing  

(Gridflx 

heeten, 2020) 

Hoog-Dalem Hoog-Dalem project took place in the Dutch city 

of Gorinchem (42 households). The DERs in this 

project are simple: PV and battery. The EMS is 

used to maximize the level of self-consumption 

(individual level), and at the same time, decrease 

the impact of the community load on the external 

grids. For the latter, an aggregator collects 

demand and supply forecast from every 

household and report it to the DSO.  The DSO 

can decide whether the community’s profile fits 

the grid constrains. If it doesn’t, the DSO will 

purchase flexibility from aggregator, aggregator 

will then fulfill the requested changes by 

changing the load or generation profile of 

individual households.  

Self-

balancing  

 

Flexibility 

services for 

the DSO 

(congestion 

management) 

(USEF, 2017) 
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14.  Appendix C: Consent form for 

participation in research  
 

Researcher  Abulaiti Nixiang 

Organization  Eindhoven University of Technology 

Thesis topic Flexibility services for Citizen Energy Communities 

Email  a.nixiang@student.tue.nl or nixiang825@gmail.com  

Phone  +46 728525309 

 

As final part of Master program in Sustainable Energy Technology, I am writing this thesis 

regarding flexibility services for Citizen Energy Communities. Thank you very much for 

agreeing to accepting the interview and contributing to this research. This form details the 

purpose of this study, a description of your involvement and your rights as a participant. 

• The research aims to investigate the values that flexibility services in the Citizen 

Energy Communities can bring to its participants and to other actors in the Dutch 

Power system, a special attention will be put into the economic value of flexibility 

services. 

• the interview will be carried out online and will be recorded to help me document 

your insights in my own words. The recording will be deleted after the interview has 

been transcribed on paper. They will only be heard by me. If you feel uncomfortable 

about the recording, you can ask me to turn it off at any time. Quotations may be used 

in this study derived from the interviews, but everything will be kept anonymous. 

• You are invited to ask questions or raise concerns at any time about the nature of the 

study or the methods I am using. Feel free to contact me at any time on at the contact 

details above. 

• Your participation is strictly voluntary. You also have the right to withdraw from this 

study at any time. In the event you choose to withdraw from the study all information 

you provide will be deleted and omitted from the final paper. 

 

By signing this form, I certify that I,                                                             , agree to the terms 

of this agreement. 

 

(𝑆𝑖𝑔𝑛𝑎𝑡𝑢𝑟𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑖𝑒𝑤𝑒𝑒)            ( 𝐷𝑎𝑡𝑒 )                                     (𝑆𝑖𝑔𝑛𝑎𝑡𝑢𝑟𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑖𝑒𝑤𝑒𝑟)                                    

mailto:a.nixiang@student.tue.nl
mailto:nixiang825@gmail.com
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15.  Appendix D: Interview guide  
 

The interviews are conducted to find out which services can be carried out in practice 

in CECs in the Netherlands and what values can each type of service creates to their 

members and other actors in the Dutch electricity system. The interviews are to 

evaluate the correctness and timeliness of the findings during the literature review 

regarding the feasibility of carrying out each service in CECs in the Dutch regulative 

context and, to serve as a supplement to literature review regarding the values of each 

flexibility service  

The emphasis of questions asked during the interviews are adjusted according to the 

expertise of interviewees in order to obtain the most useful and accurate information, 

for example, the questions for cVPP project leader are more focused on implicit 

services and the impact of services on the community’s members, while the questions 

for the member of GOPACS project is more inclined to the feasibility of explicit 

services and the impact of services on different actors. In general, all interviews 

follow the same structure and cover similar questions. 

The interview is designed to consist of five parts: firstly, an introduction is given to 

explain the topic of the study, the purpose of the interview and clarify some important 

terms which will be used during the interview. The second part focuses on the implicit 

flexibility services in which the interviewees are asked if they think the three implicit 

services introduced in the first part can be carried out (or if they have already been 

carried out) in the Netherlands and what values these services can bring to the 

members of CECs and other actors. The third part is about explicit flexibility services; 

interviewees are asked their opinions on the feasibility of carrying out each explicit 

service under the current regulative context and how different services can 

(potentially) create values to various actors involved. The fourth part is more of a 

mixed part in which the interviewees are asked their opinions on different questions 

concerning both implicit and explicit flexibility services. The fifth part serves as a 

complement and conclusion to the entire interview. The structure of the interviews 

and specific questions are as follows: 
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Part 1: 

1) Explain the topic of this study 

2) Explain the purpose of the interview 

The interview is aimed to provide an understanding of the following question: What 

values flexibility services in Citizen Energy Communities can create to their members 

and other actors in the Dutch power system? 

3) Explain the term and context 

 In this study, flexibility services are referred to as followed: 

Categorization  Type of services 

 

Implicit 

flexibility 

services 

Flexibility 

service for the 

prosumer 

 Time-of-use optimization 

 KWmax control 

 Self-balancing 

Flexibility 

service for the 

CEC 

 

 ToU Optimization at community level 

 KWmax control of the community load 

 Community self-balancing 

Explicit 

flexibility 

services 

Flexibility 

service for the 

DSO 

Constraint 

management 

Congestion management &  

Grid capacity management 

Voltage support 

Flexibility 

service for the 

BRP 

 

Wholesale 

service 

Day-ahead optimization 

Intraday optimization 

Self/passive balancing 

Generation optimization 

Flexibility 

service for the 

TSO 

 

Balancing 

service 

FCR 

aFRR 

mFRR 

RR 
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Part 2: Implicit flexibility services  

If the community chooses to implement flexibility service for Citizen Energy 

Communities, i.e. ToU Optimization at community level, KWmax control of the 

community load or Community self-balancing: 

Feasibility: 

1) At the moment, is there any practice or possibility that allows the community 

as a whole to negotiate with electricity retailer for a customized electricity 

price to implement ToU optimization? (ToU Optimization at community level) 

2) At the moment, in the Netherlands, is there any practice (framework) or 

possibility that allows DSO to compensate the effort community makes to 

control their peak consumption?  (KWmax control of the community load).  

Values: 

3) What values do you think these three implicit flexibility services could bring 

to the members of the community?  Could you please describe the values of 

each service?  

 Economic Technical Environmental Institutional Others 

ToU optimization at community 

level 

     

KWmax control of community loads      

Community self-balancing      

 

4) What values do you think these services could create to other actors involved?  

Types DSO other actors  

if any 

ToU optimization at community level   

KWmax control of community loads   

Community self-balancing   

 

 

 

 

 



 

126 

 

Part 3: Explicit flexibility services  

Feasibility: 

5) Under current Dutch regulative context, among all explicit flexibility services 

listed below, considering the scale of a community (up to hundreds of 

households) and the technological preparedness of a community (the device / 

appliance /EMS a community could have), which services can be implemented 

in practice in a community (either via third-party aggregator or community as 

aggregator)? 

Explicit 

flexibility 

services 

Flexibility 

service for the 

DSO 

Constraint 

management 

Congestion management &  

Grid capacity management 

Voltage support 

Flexibility 

service for the 

BRP 

 

Wholesale 

service 

Day-ahead optimization 

Intraday optimization 

Self/passive balancing 

Generation optimization 

Flexibility 

service for the 

TSO 

 

Balancing 

service 

FCR 

aFRR 

mFRR 

RR 

 

 

Values: 

6) What values do you think each service could bring to the community members 

and other actors in the Dutch power system?  Could you please describe the 

values of each service?  

 

Categorization Type of services Values 

CEC members Corresponding 

actor 

Flexibility 

service 

for the 

DSO 

Constraint 

management  

Congestion management & 

Grid capacity management 

  

Voltage support   

Flexibility 

service 

for the 

BRP 

 

Wholesale 

service 

Day-ahead optimization   

Intraday optimization   

Self/passive balancing   

Generation optimization   

Balancing 

service 

FCR   

aFRR   

mFRR   

RR   
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Part 4: Mixed part 

7) Under the current setting, which service do you think would be the best choice 

for a CEC to implement if (one of) the aim of using flexibility is to maximize 

the economic value? Why? 

 

8) How do you imagine the future electricity market in the Netherlands after the 

translation of the Winter package? Do you consider the options communities 

have in terms of participating in different markets and providing services will 

increase after the translation of the Winter package? 

 

Part 5: End of interview 

9) Do you think there is something that remains to be discussed, or something 

that I have not asked but you think is important? 

 

10) Do you have any questions for me regarding this interview? 

 

 

 

 

 


