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Chapter 1 
Introduction 
 
 

1.1 Background: The changing energy landscape 
 

1.1.1 Global warming and the energy transition 
The energy system is an essential part of society, and indispensable for most activities, be it 
heating a house, lighting a room, riding a train, or operating a production facility. For 
decades, the energy system has run primarily on fossil fuels such as coal, gas, and oil. 
However, owing to the resulting increase in CO2 emissions, a radical energy transition is 
necessary to counter the global warming threat. In 2015, 195 nations signed the so-called Paris 
Agreement, in which they agreed to reduce CO2 emissions to limit global warming up to a 
maximum of 2 degrees Celsius. More recently, the European Commission has proposed the 
‘Green deal’ to reduce CO2 emissions to 50% by 2030, relative to the emissions in 1990, and 
become emissions-free by 2050. These sustainability ambitions have a severe impact on the 
energy system and require significant investments to transform the way energy is produced, 
transported, and consumed. 
 

Definition of energy systems and the key roles involved 
In this thesis, an energy system refers to a collection of energy devices producing and consuming energy, the 
energy infrastructure components (e.g., physical infrastructure to transport energy, supporting IT 
infrastructure), multiple economically independent actors (such as energy producers, system operators, 
traders, and consumers), and regulations that together enable energy production, transport, trade, and 
consumption (Alanne and Saari, 2006; Verzijlbergh et al., 2017). The power system is a specific subsystem of 
the energy system and focuses solely on electricity production, transport, storage, trade, and consumption. It 
interacts by energy conversions with other subsystems dealing with energy commodities such as gas, heat, 
coal, and oil. Key roles in power systems are fulfilled by (Bontius and Hodemaekers, 2018):  
 Electricity producers - The electricity producers are the parties that generate and sell electricity. 

Electricity can be produced by, amongst others, coal and gas-fired power plants, nuclear power plants, 
wind turbines, and solar panels. 

 Electricity consumers - The electricity consumer is the end-user of a power system. An electricity 
consumer becomes a prosumer when also electricity is being produced, for example, through a solar PV 
system or a wind turbine. 

 Electricity suppliers - The role of electricity supplier is to sell and supply electricity to their customers (i.e., 
the electricity consumers) by procuring electricity from power producers or energy traders (e.g., via 
power markets or bilateral agreements). Every electricity supplier is affiliated to a Balance Responsible 
Party. 

 Balance Responsible Parties (BRPs) - BRPs are responsible for a balanced portfolio of demand and supply 
of the electricity producers, suppliers, and consumers they represent. This holds for every imbalance 
settlement period (usually 15 min.). 
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 Transmission System Operator (TSO) - The TSO is responsible for the bulk transmission of electric power 
on the high-voltage grid. The TSO transports electric power from large-scale power producers to mass 
industrial electricity consumers or the infrastructure of the regional Distribution System Operators. In 
this role, the TSO is responsible for keeping the system in balance (i.e., total power infeed and outfeed) 
at any moment in time. 

 Distribution System Operators (DSOs) - The role of DSOs is to distribute power by its medium and low 
voltage grid to electricity end consumers. Input for the DSO’s system is the connection with the TSO high-
voltage grid and the power production of smaller electricity producers. 

 

1.1.2 The changing energy system and related challenges  
The energy transition has witnessed a significant increase in renewable energy production, 
especially wind and solar energy. The installed power capacity of wind turbines and solar 
panels has increased from 2,2 GW in 2008 to 8,9 GW in 2018 in the Netherlands (CBS, 2020). 
Further, energy demand is changing, with an increase in the electrification of energy 
applications such as heating and transportation. The acceleration in the uptake of these 
Renewable Energy Sources (RES) and the electrification of energy applications support the 
energy transition. However, it also has profound implications for energy systems (van 
Halewyck et al., 2014; Verzijlbergh et al., 2017). 

A key implication emerging from integrating RES relates to the power system balance 
(Ulbig and Andersson, 2015). For a power system, a precise balance between electricity 
production and consumption is necessary. Specifically, this implies that the total electrical 
power production (in MW) should equal the total electrical power consumption (in MW) in 
a power system at any moment in time. If a power system is not in balance, frequency 
fluctuations will occur, causing decay in power quality and eventually resulting in power 
outages (Hers et al., 2016). In fossil-based power systems, fluctuation in demand for 
electricity (e.g., throughout the day or over the seasons) is generally accommodated by 
changing electricity supply through steering coal- and gas-fired power plants 
(Lampropoulos et al., 2018). In power systems with high shares of RES, this becomes more 
challenging because wind turbines and solar panels have irregular electricity production (i.e., 
depending on the weather). This irregularity makes electricity supply uncontrollable and 
prone to fluctuations over time (Carreiro et al., 2017; Kondziella and Bruckner, 2016). 
Therefore, both the demand for and the supply of electricity fluctuate independently of each 
other. Moreover, these RES aim to eventually replace flexible coal- and gas-fired power 
plants, which would also eliminate the latter's flexibility to ensure power balance. As a result, 
power system balancing is increasingly becoming a key challenge for the stakeholders 
involved. 

Another key implication of integrating RES relates to the ‘flow of electricity’ and 
potential congestions in the power grid (Bontius and Hodemaekers, 2018; Schermeyer et al., 
2018). The design of fossil-based power systems is based on a rather centralized electrical 
power production by a limited number of large power plants. Subsequently, this energy is 
supplied via the transmission system and distribution systems to decentralized electricity 
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consumers in a one-way flow. In contrast with fossil power plants, RES, such as wind 
turbines and solar panels, are often installed decentralized. This increases the loads in the 
distribution system's local areas, where infrastructure capacity is generally limited (van 
Halewyck et al., 2014). As a result, the infrastructural capacity to deal with these loads (i.e., 
to distribute power from one geographical area to another) is becoming insufficient, which 
results in congestion problems that eventually may lead to outages. Moreover, the 
electrification of energy applications significantly increases the demand for electricity in the 
distribution system's local areas. This demand, however, does not occur simultaneously with 
production by the distributed RES what may result in congestion problems as well (Bontius 
and Hodemaekers, 2018; Verzijlbergh et al., 2017). 

These key implications of installing RES and the electrification of energy applications 
create new and severe challenges for the parties active in electrical power systems (Eid et al., 
2016; van der Veen et al., 2018). The TSO, responsible for power system balance, faces system 
stability challenges due to irregular power production. Further, the TSO may also face 
difficulties with network congestion due to large-scale decentralized power production. The 
DSOs primarily face challenges concerning system congestion, also because of the 
installation of significant amounts of decentralized power production and consumption. The 
BRPs face challenges in balancing their portfolios of electricity production and consumption, 
causing imbalance charges of the TSO. Lastly, for prosumers, it is challenging to consume its 
own produced electricity. 
 

1.1.3 The need for flexibility in power systems 
An obvious way to solve the congestion problems is to significantly increase the capacity of 
the power grid (van Halewyck et al., 2014). While such investments are inevitable to some 
degree, this solution also implies severe investment costs and does not resolve the challenges 
related to unbalance. Another way to deal with unbalance or congestion problems can be 
found in the use of ‘energy flexibility’ (Bontius and Hodemaekers, 2018; Lampropoulos et al., 
2018; Verzijlbergh et al., 2017). From a technical point of view, energy flexibility is defined as 
the ability of an electrical device to adjust the electrical power it takes out of the grid and/or 
the power it feeds into the grid over time (Ulbig and Andersson, 2015). 

Flexibility is not a new concept in power systems; for as long as power systems have 
existed, flexibility has been used to ensure power balance (Lampropoulos et al., 2018). 
However, both research and commercial interests related to the concept of flexibility have 
risen significantly in the last years. Interest has grown primarily because flexibility can be 
used to solve the new challenges originating from the changing energy system. These 
challenges, however, may require flexibility to be deployed differently than was previously 
done. As an example, local grid congestion problems faced by DSOs due to integrating RES 
can only be resolved by deploying local flexibility sources and not by adjusting large scale 
coal or gas-fired power plants. Moreover, new ‘sources of flexibility’ have to be unlocked and 
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deployed as an alternative to flexible fossil power plants, which are being replaced by RES. 
Fortunately, energy-consuming and producing devices can now better adjust their electricity 
demand or supply due to new advanced (information) technologies (Lund et al., 2015). 
Examples of devices that can now be controlled and used as a source of energy flexibility are 
the batteries of Electric Vehicles (EVs), heat pumps, and industrial machinery such as cold 
stores and electrolyzers. Further, flexibility can be created by temporarily storing energy in 
batteries or by converting electricity into other energy forms such as heat or gas. Although 
potential alternative flexibility sources seem to be around, key questions arising from these 
new opportunities remain unsolved. How can various electrical devices precisely be used as 
flexibility sources, and by whom? How should these electrical devices be steered or 
orchestrated to resolve the new challenges? These issues address the need for markets and 
services to deploy flexibility. 
 

1.1.4 The need for services to deploy flexibility in power systems 
The electrical devices that can be steered (i.e., sources of flexibility) are generally owned and 
used by independent parties who do not necessarily experience RES integration challenges. 
Hence, in liberalized energy systems, the users and owners of flexible energy devices must 
be incentivized to make these devices available as a source of flexibility (Lampropoulos et 
al., 2018).  

To use flexibility sources as a solution to the challenges of RES integration, flexibility 
can be offered as a service, i.e., a flexibility service. A flexibility service can be described as the 
purposeful steering of power-producing and or consuming devices (i.e., the flexibility 
sources) to solve a problem or fulfill a specific need of some party in the electricity system. 
Two key roles can be distinguished with flexibility services: the flexibility service provider and 
the flexibility consumers. The flexibility consumers are parties such as the TSO, the DSOs, and 
the BRPs, who face the RES integration challenges (Eid et al., 2016; van der Veen et al., 2018). 
As an example, in the Netherlands, the TSO operates three different imbalance markets1 to 
‘procure’ flexibility from flexibility service providers to balance the grid. The role of flexibility 
service provider is fulfilled by the parties ‘possessing’ and offering flexibility. Formerly, these 
were mostly larger industries and energy producers (e.g., the coal and gas-fired power 
stations) who could provide flexibility. Nowadays, however, these parties ‘possessing’ 
flexibility also include electric vehicle (EV) drivers, households and smaller industries who 
can adjust their electricity demand, or owners of flexibility devices such as energy storage or 
power production equipment.  

These new flexibility suppliers are typically small-scale and decentralized and require 
professional parties to function as coordinating mechanisms to trade and deploy their 
flexibility (Eid et al., 2015; Lampropoulos et al., 2018; van der Veen et al., 2018). Based on this 

                                                           
1 These markets are being referred to as Frequency Containment Reserve (FCR), automatic Frequency 
Restoration Reserve (aFRR), and manual Frequency Restoration Reserve (mFRR). 
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need, a new role, named the aggregator, has emerged in power systems (Burger et al., 2017; 
Carreiro et al., 2017; Lampropoulos et al., 2018). Aggregators take the role of Flexibility Service 
Provider (FSP) by ‘acquiring’ flexibility from multiple distributed flexibility suppliers and 
aggregating this into a critical mass. Subsequently, they create a portfolio of services based 
on this accumulated flexibility and offer this to the flexibility consumers who face the 
challenges arising from RES (Burger et al., 2017; van der Veen et al., 2018). In doing so, an 
aggregator can be seen as a specific on-demand service platform business (e.g., as described 
by Bai et al., 2018 or Taylor, 2018) fulfilling an intermediary networking role between 
flexibility suppliers and flexibility consumers (Burger et al., 2017; Weiller and Pollitt, 2013). 
Figure 1 visualizes such a flexibility service system with the three roles of flexibility supplier, 
flexibility consumer, and flexibility service provider fulfilled by an aggregator. 
 

 
Figure 1|  V isualizat ion of a f lexib i l i ty  serv ice system in the  electr ic i ty supply chain with the 

three  ro les of f lex ib i l i ty  suppl ier,  f lexibi l ity  consumer,  and f lexib i l i ty  serv ice prov ider 
presented in the dotted boxes.  

 

1.1.5 Reflection 
The deployment of flexibility in power systems with high shares of RES requires, amongst 
others, the creation of new business ecosystems and the development of new technologies 
(both physical and in IT). Further, it also involves the implementation of supporting 
legislation and regulation and a change in energy-consuming behavior. Hence, the topic of 
flexibility and flexibility services in power systems is multidisciplinary by nature, involving 
various disciplines such as management science, economics, engineering, information 
technology, law, and psychology. 

Flexibility has drawn significant attention in the engineering sciences, and technologies 
are available to deploy flexibility (Lund et al., 2015; Mahlia et al., 2014). However, the 
organizational embedment of these technologies in the business environment has rarely been 
examined in the scientific literature (Verzijlbergh et al., 2017), leaving various business-



554630-L-bw-vd Burg-SOM554630-L-bw-vd Burg-SOM554630-L-bw-vd Burg-SOM554630-L-bw-vd Burg-SOM
Processed on: 3-2-2021Processed on: 3-2-2021Processed on: 3-2-2021Processed on: 3-2-2021 PDF page: 14PDF page: 14PDF page: 14PDF page: 14

 

 14 

 

related issues unresolved. Business issues related to the deployment of flexibility and the 
management of flexibility services address, for example, the precise definition of new roles 
and associated duties and responsibilities. In line, this also involves the development of new 
business models and service management processes and practices. Another associated issue 
is related to the creation of robust underlying business architectures. These business 
architectures have to support adaptability and long-term survival in an emerging and rapidly 
developing market for the parties fulfilling these new roles.  

Without an appropriate business context in which flexibility can be traded and 
deployed, the potential and effectiveness of the available technologies cannot be fully 
realized. This may hinder the integration of necessary flexibility services in the power system 
(Curtius et al., 2012; Lampropoulos et al., 2018; Niesten and Alkemade, 2016). This might 
eventually delay the implementation of RES in the form of wind and solar power. Therefore, 
this thesis adopts a business perspective and concentrates on the organizational and business 
challenges associated with flexibility services. Specifically, the focus of the thesis is on the 
role of aggregator as a flexibility service provider. As we will explain in the section below in 
more detail, an aggregator's business can be conceptualized as a service platform business. 
 
 

1.2 On-demand service platforms 
The aggregator, fulfilling the role of a flexibility service provider, can be labeled as a service 
platform business, using an on-demand service platform. On-demand service platforms are 
a specific type of service platform. Before discussing this particular type of on-demand 
service platform, the more general concept of service platforms will be introduced first. 
 

1.2.1 The general concept of service platforms 
The importance of service platform companies, referred to here as service platforms, has 
significantly grown in the last decade. The services offered by these companies are 
matchmaking services (Bai et al., 2018; Taylor, 2018). These companies are also labeled in the 
literature as (Online) platforms (Benjaafar and Hu, 2020; Chen et al., 2018; De Stefano, 2015), 
Multi-sided platforms (Hagiu and Wright, 2015; Gawer, 2014), Value networks (Stabell and 
Fjeldstad, 1998), Technologically-enabled middleman (Shapiro, 2017), or Intermediaries (Chen et 
al., 2018; Eisenmann et al., 2009). These companies bring together distinct customer groups 
and enable the members of these distinct customer groups to interact with each other (Hagiu 
and Wright, 2015; Parker et al., 2016; Stabell and Fjeldstad, 1998). Hence, service platforms 
create value for customers in both groups by acting as an intermediary that minimizes 
transaction costs (Benjaafar and Hu, 2020; Stabell and Fjeldstad, 1998). In the case of 
aggregators, fulfilling the role of flexibility service provider, the distinct customer groups are 
the flexibility suppliers and the flexibility consumers. Here, the aggregator enables the often 
small flexibility suppliers to offer their flexibility potential while simultaneously creating a 
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critical mass and ensuring its availability for flexibility consumers (Eid et al., 2016). Without 
their role, interactions between small-scale flexibility suppliers and often large-scale 
flexibility consumers would probably not take place (Helms et al., 2016). 

The role of service platforms is to facilitate the interactions among members of the 
distinct customer groups by providing an infrastructure that simplifies matchmaking (Allon 
et al., 2012; Eisenmann et al., 2006; Hagiu and Wright, 2015; Ondrus et al., 2015). This 
infrastructure, being referred to as the platform infrastructure in this thesis, is increasingly 
based on IT. It processes various information streams to facilitate matchmaking between 
participants on each side of the service platform (Parker et al., 2016; Chen et al., 2018; Li and 
Wei, 2014). 

Nowadays, many forms and types of service platforms exist (Sanchez-Cartas and Leon, 
2018). Service platforms may vary, for example, how they are involved in establishing the 
core interaction (Allon et al., 2012). Comparing Uber and Airbnb illustrates this. Wherewith 
Uber matches are made automatically by the platform, Airbnb only provides information to 
the platform participants, who then must choose the match to be made by themselves. 
Different types of service platforms may all have different characteristics and properties 
(Tauscher and Laudien, 2018), which results in different platform designs (Parker et al. 2016; 
Chen et al., 2018). 
 

1.2.2 The on-demand type of service platform 
One specific type of service platform rapidly gaining more importance in the economy is the 
on-demand service platform type (Bai et al., 2018; De Stefano, 2015; Guda and Subramanian, 
2019; Kamble, 2019). The increasing popularity of this service platform type is related to the 
rapidly emerging on-demand economy (Fehrer et al., 2018; Kumar et al., 2018) and the 
sharing economy (Benjaafar and Hu, 2020). Further, the rapid adoption and use of on-
demand service platforms is facilitated by technological advances in IT and access to the 
internet (Bai et al., 2018; Eisenmann et al., 2006; Sanchez-Cartas and Leon, 2018). Some well-
known examples are Uber, Deliveroo, DoorDash, and RoadGuard (Bai et al., 2018; Benjaafar 
and Hu, 2020; Taylor, 2018; Kamble, 2019). 

The on-demand service platform type is on-demand in the sense that consumers desire 
immediate service supply upon request for a service and are sensitive to delay (Bai et al., 
2018; Benjaafar and Hu, 2020; Kamble, 2019; Taylor, 2018; van der Burg et al., 2019). More 
specifically, the term on-demand implies that when service platform consumers provide the 
required input information and request the service, the platform automatically makes the 
actual match between platform producers and consumers to facilitate a transaction as fast as 
possible (Guda and Subramanian, 2019). This approach differs, for example, from service 
platforms where participants themselves make a match out of a list of candidates proposed 
by the platform (as in eBay or Airbnb), which not necessarily happens in an on-demand 
context. This immediate service supply of on-demand service platforms, with automated 
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matchmaking, is enabled by the underlying IT-based platform infrastructure that can rapidly 
process various information streams (Chen et al., 2018; Li and Wei, 2014). 

The on-demand supply is specifically important in the case of flexibility services in 
power systems. The variable and rather unpredictable supply of renewable power supply 
caused by RES makes the exact demand for flexibility challenging to predict. Therefore, to 
provide an adequate response, the ability to react instantaneously is essential for flexibility 
service providers, requiring flexibility to be available on demand. Offering such flexibility as 
a service is about providing the desired amount of flexibility at the right time and place, 
within agreed boundaries (van der Burg et al., 2019). 
 

1.2.3 Research on service platforms 
Over the past decades, somewhere starting with the seminal work of Stabell and Fjeldstad 
(1998) and Rochet and Tirole (2003), research interest on service platforms has grown 
significantly. This interest appeared especially in the economics, the strategy, and the 
industrial organization literature. On the more strategic and economic issues, studied topics 
include platforms’ network externalities (Boudreau and Jeppesen, 2015; Parker and Van 
Alstyne, 2005), platform ignition strategies (Evans, 2009; Evans and Schmalensee, 2010; 
Caillaud and Jullien, 2003), platform leadership, innovation and envelopment (Boudreau, 
2010; Cusumano and Gawer, 2002; Parker and Van Alstyne, 2005), the competition between 
platforms and associated pricing strategies (Rochet and Tirole, 2003; Parker and Van Alstyne, 
2005; Armstrong, 2006; Weyl, 2010), platform openness and multihoming (Gabszewicz and 
Wauthy, 2004; Armstrong, 2006; Benlian et al., 2015; Broekhuizen et al., 2019; Ondrus et al., 
2015), and the role of policies and regulations to control platforms (Evans and Schmalensee, 
2007; Boudreau and Hagiu, 2008; Evans, 2012). More recently, on-demand service platforms 
also gained attention in operations management literature. In this literature, the focus is on 
topics as the coordination of demand and supply, capacity and revenue management, and 
dynamic pricing as a means to control demand and supply (Bai et al., 2018; Benjaafar and 
Hu, 2020; Gurvich et al., 2019; Hu, 2019; Kamble, 2019; Taylor, 2018).  

The literature on (on-demand) service platforms is enormous and provides insights into 
a wide range of relevant issues that support the management and development of on-
demand service platforms. However, less attention is given to on-demand service platforms 
in the specific context of energy, for example, providing aggregated flexibility as a service in 
power systems. Further, it remains unclear in the literature what the term ‘on-demand’ 
exactly implies. This ambiguity not only holds for on-demand service platforms specifically 
but also for the broader context of non-platform-based on-demand services. As such, it also 
remains unclear what the implications of offering a service on-demand are for service 
management. Moreover, although the literature recognizes the need for service platforms to 
evolve to remain competitive (Eisenmann et al., 2011; Parker et al., 2016), this topic remains 
ill studied. As a result, it remains unclear how on-demand service platforms evolve and how 
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this evolution can be supported. The relevance of these missing issues, also from the 
perspective of aggregators offering flexibility services in power systems, is input for this 
thesis's research projects. This is discussed in more detail in the following section. 
 
 

1.3 Aim of the thesis and overview of the research projects 
 

1.3.1 Aim of the thesis 
The overarching aim of this thesis is to contribute to the energy and the service management 
literature with new empirical insights into flexibility and on-demand service platforms. In 
particular, these new empirical insights are relevant for the specific context of aggregators 
offering flexibility services in power systems. To fulfill this aim, three empirical research 
projects were undertaken in this PhD-research. All three research projects address unique 
research questions and provide new insights into the organization and management of 
aggregators offering flexibility services. Further, they contribute to the associated topics in 
the academic energy and service management literature on flexibility, on-demand service 
platforms and their management, and modular architectures. 
 
Research project 1 explores the characteristics and associated management challenges and 
practices of aggregator companies offering flexibility services, where the focus is specifically 
on the on-demand supply of flexibility. This study draws upon the academic service 
management literature focusing on on-demand services. In Research project 2, the focus is 
on conceptualizing the notion of flexibility in the business context of flexibility services 
offered by aggregators via on-demand service platforms. In so doing, this study draws upon 
academic literature on energy flexibility, flexibility in the operations management (OM) and 
supply chain management (SCM) literature, and the on-demand service platform literature. 
Lastly, Research project 3 focuses on the underlying architecture of aggregators' platform 
infrastructure and the way these types of businesses evolve to support the evolution of 
aggregator companies. This study draws upon the academic literature on on-demand service 
platforms and modular architectures. 

Research project 2 is focused solely on the case of aggregator companies offering 
flexibility services in power systems. Research projects 1 and 3, on the other hand, focus on 
two business issues of aggregators that also address more fundamental scientific business 
questions. Therefore, these projects adopt a generic approach by also studying cases 
comparable to aggregator flexibility services outside the energy context. As a result, the 
insights gained here are not only applicable to aggregators in power systems but can also be 
generalized to other business contexts.  



554630-L-bw-vd Burg-SOM554630-L-bw-vd Burg-SOM554630-L-bw-vd Burg-SOM554630-L-bw-vd Burg-SOM
Processed on: 3-2-2021Processed on: 3-2-2021Processed on: 3-2-2021Processed on: 3-2-2021 PDF page: 18PDF page: 18PDF page: 18PDF page: 18

 

 18 

 

The following sections provide a more detailed description of this thesis's research projects 
by discussing for all three research projects the background and research aim, the related 
research questions, and the approach followed. 
 

1.3.2 Research project 1: Characteristics and management of on-demand services 
 
Background and aim 
The variable and rather unpredictable supply of renewable energy make the exact demand 
for flexibility hard to predict. This makes it difficult for flexibility service providers (e.g., 
aggregator companies) to anticipate demand. Consequently, to provide an adequate 
response to demand for flexibility, the ability to react instantaneously is essential for 
flexibility service providers, which requires flexibility to be available on demand. Offering 
flexibility on-demand as a service implies being able to provide the exact required amounts 
of flexibility, at the right time, at the right place, and often with guaranteed availability. In a 
highly critical environment, this on-demand supply is challenging for flexibility service 
providers and requires well-thought-out and sound underlying service management 
practices. As a result, the question arises on how service management can best be organized 
for flexibility service providers in power systems. The service literature is not clear on how 
to deal with the managerial challenges of on-demand services in general.  

This research project's basic premise is that on-demand services, in general (i.e., not 
limited to on-demand service platforms), have a unique set of characteristics, with specific 
implications for service management research and practice. Further, in management 
literature, it is commonly argued that developing services and associated management 
practices and processes is supported by a thorough understanding of the characteristics of a 
service type (Schumann et al., 2012). Hence, based on this line of reasoning, this project aims 
to study the characteristics of a range of on-demand services to better understand the 
meaning of ‘on-demand’ and the accompanying implications and requirements for service 
management. Subsequently, based on this aim, this project will answer the following 
research questions: 
 

RQ1: What are the key characteristics of on-demand services, and how can the on-
demand service type be conceptualized accordingly? 

RQ2: What service management practices can be applied in offering services on-demand? 
 
Approach 
This research project adopts a generic approach by studying comparable cases of on-demand 
services both within and outside the energy context. This generic approach offers interesting 
insights into the management of on-demand services that may also be useful for the specific 
case of flexibility services in power systems. Further, studying multiple cases from varying 
industries enables a better comparison of cases with each other, resulting in improved overall 
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understanding. Lastly, adopting a generic approach makes the findings scientifically more 
robust and generalizable to a different context. 

The project starts with a focused literature review on the on-demand services concept. 
This review is followed by a multiple case-study methodology, because the on-demand 
service concept is in the early stages of theory development. Seven cases are studied - 
following a maximum variation sampling strategy - predominantly by interviewing 22 case 
managers. Chapter 2 addresses this research project. We note that this project develops 
knowledge and theory applicable to on-demand services in a wide range of industries. 
Accordingly, Chapter 5 Discussion and conclusions will reflect upon the findings of this 
project and discuss the specific implications for the context of flexibility services in power 
systems.  

The results of this research project are published in the Journal of Service Management as 
van der Burg, R.H., Ahaus, K., Wortmann, H., and Huitema, G.B. (2019). Investigating the 
on-demand service characteristics: An empirical study, Vol. 30, No. 6, pp. 739-765, 
DOI:10.1108/JOSM-01-2019-0025. 
 

1.3.3 Research project 2: Conceptualizing flexibility in the business context of 
flexibility services in power systems 

 
Background and aim 
As argued, aggregator companies can be labeled as on-demand service platforms. Managing an 
on-demand service platform is challenging and requires specific service management 
practices (Hu, 2019; Taylor, 2018). This study's premise is that these management practices, 
in the particular context of aggregators offering flexibility services, are supported by a precise 
conceptualization of the notion of flexibility. 

Operating an on-demand service platform that is subject to fluctuating demand and 
supply and a commitment to offering the services on-demand requires active coordination 
of the supply and demand sides and proper capacity management (Gurvich et al., 2019; Hu, 
2019). For the specific case of aggregators offering energy flexibility services, this stresses the 
importance of having a thorough understanding of the flexibility concept. Insights into the 
available flexibility or the expected required flexibility are, for example, necessary for 
adequate capacity management and on-demand matching. The question then arises, for 
example, how the available flexibility at the supply side or the required flexibility at the 
demand side can be expressed? And how these two can be related to each other to allow 
matching? Being able to match the demand for flexibility with a supply of flexibility requires 
the ability to precisely specify demand for and supply of flexibility in quantitative terms. 
Insights into the flexibility concept can also be of relevance to other service management 
practices of aggregators. Examples are the pricing of flexibility (at the supply and the demand 
side), establishing contracts with suppliers and consumers, and the aggregation of different 
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types of flexibility sources into a unified and more substantial amount of flexibility. As these 
examples illustrate, a precise conceptualization of the notion of flexibility is important for the 
management of flexibility services. 

In a business context, flexibility is frequently studied in the OM and SCM literature. 
However, the more detailed and quantitative insights into flexibility are often criticized as 
being too context-specific (Golden and Powell, 2000; Stevenson and Spring, 2007), which may 
hinder the use of these insights into the energy context. In the energy literature, the 
representation and characterization of flexibility in electricity systems is evolving but 
drawing particular attention in the energy engineering literature (Alizadeh et al., 2016; 
Fischer et al., 2017; Hurtado et al., 2017; Ulbig and Andersson, 2015). Although the insights 
provided there are relevant, they reflect a rather technical approach towards managing 
power system infrastructure with flexibility. However, technically operating a power system 
infrastructure is different from managing flexibility services as an on-demand service 
platform. Hence, it is unclear to what extent engineering conceptualizations apply in a 
business environment. 

The energy literature on flexibility is relevant and provides knowledge to build on. 
However, no detailed insights into the flexibility concept are offered that can support 
aggregators in managing flexibility services as on-demand service platforms. By recognizing 
these shortcomings, this project aims to conceptualize the notion of flexibility from a business 
perspective to support the management of such flexibility services in power systems. 
Subsequently, based on this aim, this project will answer the following research question: 
 

RQ3: How can the notion of flexibility be conceptualized to support the management of 
on-demand flexibility service platforms in power systems? 

 
Approach 
This project adopts an explorative and qualitative research approach that consists of two 
steps. First, the study starts with an exploratory case study (Benbasat et al., 1987; Yin, 2009) 
on an aggregator offering flexibility services. This approach is motivated by this research's 
exploratory nature (Eisenhardt, 1989) since the notion of flexibility has been little studied in 
the business context of services. The case study aims to gain insights into an aggregator's 
service management practices (functioning as an on-demand service platform) and the role 
of the flexibility concept in this business context. This method is considered most appropriate 
because theory related to the flexibility concept from the specific context of services is limited 
and with little empirical substantiation (Eisenhardt, 1989; Voss et al., 2002). Subsequently, in 
the next step, various industry experts are interviewed to gain more insights into the energy 
flexibility concept, to support the development of a generally applicable conceptualization. 
Chapter 3 addresses this research project. In contrast to the other two research projects, this 
project focuses solely on the context of flexibility services in power systems.  
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An article based on this research project is under revision in the International Journal of Energy 
Sector Management as van der Burg, R.H., Wortmann, J.C., and Huitema, G.B. (2019). 
Conceptualizing flexibility in the business context of flexibility services. 
 

1.3.4 Research project 3: Modularity to support on-demand service platform 
evolution 

 
Background and aim 
The aggregator's role as a flexibility service provider in power systems is rather new and 
emergent (Burger et al., 2017). As a result, aggregator companies are currently actively 
seeking to develop the services offered and to find their place in a rapidly evolving energy 
business ecosystem. Aggregator companies usually start relatively small. Often, they first 
enable interactions between only one type of flexibility customer (often the TSO) and steer 
only one type of flexibility device (e.g., electric vehicles). Then, as seen now, these aggregator 
companies gradually increase their functionality. They start steering new types of flexibility 
devices (e.g., cold stores and industrial processes) with accompanying flexibility suppliers 
and offer this flexibility to new types of flexibility consumers (e.g., other TSO markets, DSOs, 
or electricity markets). In so doing, these aggregator companies are continuously in transition 
and evolve to (re)define their position in the rapidly developing power system. Adding 
additional service features, functionality, and interactions to the underlying information 
processing platform infrastructure of aggregator companies increases their usefulness, 
attracts more customers, and enables them to remain competitive and value-adding in the 
long term. 

This evolution process of aggregator companies is typical for on-demand service 
platforms. In their early days, on-demand service platforms usually start by establishing an 
information processing platform infrastructure that facilitates just one core interaction 
between two customer groups. Then, over time, successful on-demand service platforms 
tend to evolve and scale up by adding new features, functionality, and interactions on top of 
the initial core interaction (Parker et al. 2016), as aggregator companies are currently doing. 
For on-demand service platforms to survive in the long term, they need to evolve (Eisenmann 
et al., 2011; Parker et al., 2016). The question then arises on how the ability of an on-demand 
service platform to evolve can be fostered. 

In the software engineering literature and the engineering management literature, it is 
the accepted view that a system’s ability to evolve is supported by the adoption of a more 
modular architecture (Baldwin and Clark, 2000; Mikkola, 2006; Parnas, 1972; Suh, 1990). The 
question then remains how modularity can be applied at the platform infrastructure to 
support the evolution of an on-demand service platform. Although modularity and modular 
architectures have frequently been studied in the literature, research on modularity is scant 
in the context of service platforms (Brax et al., 2017). Because of this lack of research attention, 
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the literature remains unclear about the precise functioning of the platform infrastructure of 
on-demand service platforms and the way modularity may be applied here. Furthermore, 
even though the literature recognizes the need for service platforms to evolve, service 
platform evolution remains an ill-defined concept and a rather abstract phenomenon 
(Staykova and Damsgaard, 2017). Understanding the evolution of on-demand service 
platforms and its impact on the underlying platform infrastructure is essential when 
designing appropriate modular architectures for the platform infrastructure of on-demand 
service platforms that support their evolution.  

Based on these observations from the literature, this study aims to provide knowledge 
and insights required for the development of more modular architectures for the platform 
infrastructures. This should support the evolution of on-demand service platforms. Based on 
this aim, this project will answer the following research question: 
 

RQ4: How can modularity be applied in the underlying platform infrastructure of on-
demand service platforms to support their evolution? 

 
Approach 
This study aims to assist in the development of modular architectures for service platform 
infrastructures that support their evolution. To this end, the study comprises two consecutive 
steps. First, a multiple case study methodology is used to study the internal functioning of 
the platform infrastructure of five different on-demand service platforms and the ways these 
services have evolved. Subsequently, based on these insights, the study continues with an 
inductive analysis on what modular archetypes - as derived from the literature - can be 
applied to the underlying platform infrastructure to support the evolution of on-demand 
services. Data collection is mainly based on twelve semi-structured interviews with various 
managers from the case companies. Chapter 4 addresses this research project. We note that 
this project adopts a generic approach by also studying comparable cases of on-demand 
service platforms outside the energy context. As a result, the knowledge and theory 
developed in this project is generally applicable to on-demand service platforms, 
unconstrained by the industry they operate in. Therefore, Chapter 5 Discussion and 
conclusions will reflect upon the findings of this project and discuss the implications for the 
specific context of aggregators offering flexibility services in power systems.  
 

1.3.5 Overview and structure of the thesis 
Figure 2 displays this thesis's overall structure by placing the individual research projects in 
relation to each other. Chapters 2, 3, and 4 provide the main body of this thesis by addressing 
the three specific research projects. Chapter 3 primarily focuses on flexibility services in 
power systems, whereas Chapters 2 and 4 originate in the scientific study of business 
problems of aggregators, but adopt a generic approach. Finally, Chapter 5 reflects upon the 
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main findings and theoretical contributions of all chapters and discusses the implications for 
flexibility services in power systems specifically. 

 
Figure 2|  Overv iew and structure of the thes is.  
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