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English summary 
 
Context 
The energy system is a keystone of our society. For decades, this system has run primarily 
on fossil fuels such as coal, gas, and oil. Because of the related increase in CO2 emissions, a 
radical energy transition is necessary to counter the ensuing global warming threat. 
However, the growing integration of renewable energy sources (RES) into electricity systems 
and the electrification of energy applications, such as heating and transportation, is 
challenging. Two key characteristics of RES, intermittency and decentralization, create 
various challenges related to power system balance and congestion for the parties active in 
electricity systems. Examples of such parties are the Transmission System Operator (TSO), 
Distribution System Operators (DSOs), Balance Responsible Parties (BRPs), and prosumers. 
The established view on addressing these challenges lies in the notion of flexibility, which 
can be 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. 

Simultaneous to these developments, the liberalization of energy markets and the 
acceleration of new (information) technologies give rise to new roles, parties, and businesses 
in energy systems. One important new role emerging in sustainable power systems is the 
aggregator, which aims to provide solutions to balancing and congestion problems by 
deploying flexible electrical devices as a service. Formerly, it was mainly larger industries 
and electricity producers, such as gas-fired power plants, that provided flexibility. In the 
present day, however, households and smaller industries are also able to adjust electricity 
demand and supply, and are thus able to provide flexibility (e.g., by controlling the charging 
of electric vehicles and operating of heat pumps). However, these new flexibility suppliers are 
typically small-scale and decentralized, and as such, require professional parties to deploy 
and sell their flexibility. The aggregator role fulfills this need by ‘acquiring’ flexibility from 
multiple distributed flexibility suppliers, aggregating this into a critical mass, creating a 
portfolio of services based on this accumulated flexibility, and subsequently offering this to 
various flexibility consumers such as TSOs, DSOs, and BRPs. In this way, aggregators function 
as on-demand service platforms that offer an intermediary networking service between 
flexibility suppliers and flexibility consumers. 
 
Research objective 
The topic of flexibility and flexibility services in power systems is multidisciplinary by 
nature, involving various disciplines such as business, economics, engineering, information 
technology, law, and psychology. The deployment of flexibility in power systems with high 
shares of RES requires, for example, the creation of new business ecosystems, the 
development of new technologies (both physical and in IT), the implementation of 
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supporting legislation and regulations, and a change in energy-consuming behavior. 
Flexibility attracted particular research attention in the engineering sciences, resulting in the 
availability of technologies to deploy flexibility. However, the organizational embedment of 
these technologies in a business environment gained less attention in the scientific literature, 
leaving various business-related issues ambiguous. Without an appropriate business context 
in which flexibility can be traded and deployed, the potential and effectiveness of the 
available technologies cannot fully be utilized. This may hinder the integration of necessary 
flexibility services in the power system what eventually may delay the implementation of 
RES as wind and solar power. Therefore, this thesis adopts a business perspective on 
flexibility and focuses on the organizational and business challenges associated with 
flexibility services. 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 specific 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 management, and 
modular architectures. Research project 2 is focused solely on the case of aggregator 
companies offering flexibility services. Research projects 1 and 3, however, focus on two 
business issues of aggregators that also address more fundamental scientific business 
questions. Therefore, these projects adopt a generic approach by additionally studying 
comparable cases of flexibility services, also outside the context of energy. As a result, the 
insights gained here are not only applicable to aggregator companies in power systems but 
can be generalized to other business contexts as well. 
 
Research project 1: Characteristics and management of on-demand services 
The variable and rather unpredictable supply of renewable energy makes the exact demand 
for flexibility hard to predict, making 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 important for 
flexibility service providers, which requires flexibility to be available on demand. Research 
project 1 studies 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. To date, the service literature is not clear on how to deal with the managerial 
challenges of on-demand services. Moreover, despite some progress in this field, the 
conceptual understanding of on-demand services also remains limited because studies on 
the characteristics of on-demand services are generally lacking. Given this lack of theoretical 
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insight, it remains uncertain how practical experiences with on-demand services could be 
translated and applied to other service contexts (e.g., the case of flexibility aggregators in 
energy) where value might be added for customers as well. 

This research project adopts a generic approach by also studying comparable cases of 
on-demand services outside the energy context. This approach yields interesting insights into 
the management of on-demand services that are also useful for the specific case of flexibility 
services in power systems. Based on analysis of the literature on on-demand services and the 
empirical evidence collected from multiple cases, a key finding of this study is that on-
demand services can be described by three interrelated characteristics as being highly 
available, responsive, and scalable. Further, based on these three key characteristics, an 
idealized on-demand service is now defined as “a ubiquitously available service, able to 
instantaneously supply the exact required amount of resources for the exact required duration, at the 
moment they are requested by the customer”. This definition is scientifically an advance in that it 
is based on the characteristics determined via an empirical study and covers a wide spectrum 
of services. As a result, this approach gives it a firmer grounding and generalizability than 
other existing definitions in the literature that predominantly focus on a single service context 
(which is usually the IT context). Although the characteristics found and the definition 
established apply to on-demand services in general, this finding also sheds light on the 
nature of flexibility services in particular. 

Another finding is that on-demand services vary in the extent of their availability, 
responsiveness, and scalability. Consequently, some on-demand services are closer than 
others to the idealized on-demand definition. Therefore, an on-demand service continuum, 
which is specified for each of these three characteristics, is proposed. This on-demand 
continuum is a novel concept in the service literature and clarifies how various on-demand 
services might differ from each other within the conceptual boundaries of the three defining 
characteristics. At one end, there is the perfect on-demand service offering that performs 
optimally; however, this is almost impossible to achieve in practice, especially for all three 
characteristics at the same time. Farther from this end of the continuum are on-demand 
services that only partly satisfy the all-encompassing definition and perform less well in 
terms of one or more of the on-demand characteristics. Flexibility services, for example, 
offered by aggregators, can also vary in the extent of their availability, responsiveness, and 
scalability. A clear example is the differences in requirements between offering flexibility for 
Frequency Containment Reserve (FCR), automated frequency restoration reserve (aFRR), or 
manual Frequency Restoration Reserve (mFRR) to the Transmission System Operator (TSO). 
As such, this on-demand continuum is capable of clarifying how various flexibility services 
may differ from each other in terms of being on-demand.  

Lastly, the findings of this study shed light on the perspectives of customers and 
providers of on-demand services. Regarding the supplier perspective, on-demand services 
are shown to have a unique combination of characteristics, with specific implications for 
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service management. In general, the key challenge on-demand companies face is finding the 
best trade-offs in the degree of being on-demand (i.e., in terms of availability, responsiveness, 
and scalability) versus the associated costs and standardization of service offerings. The case 
study further shows that specific service management practices are commonly used by 
aggregator companies to deal with this trade-off and to offer highly available, scalable, and 
responsive flexibility services at acceptable costs. Some of these practices are: On-demand 
procurement of flexibility (e.g., steering independently owned electrical devices such as 
electric vehicles (EVs), heat pumps, and industrial cold stores); a redundant and sufficiently 
large network of independent flexibility suppliers; dedicated IT infrastructure to manage 
demand and supply of flexibility; highly standardized service processes through IT; and 
combinations of usage-based and availability-based pricing. 
 
Research project 2: Conceptualizing flexibility in the business context of flexibility services in 
power systems 
Research project 2 conceptualizes the notion of flexibility from a business perspective to 
support aggregators in managing flexibility services as on-demand service platforms. The 
intermediate aggregator can be labeled as an on-demand service platform. Managing an on-
demand service platform is challenging and requires specific service management practices. 
In the specific context of aggregators offering flexibility services, these management practices 
are supported by a precise conceptualization of the notion of flexibility. In a business context, 
flexibility is frequently studied in the operations and supply chain management literature. 
However, the more detailed and quantitative insights into flexibility are often criticized as 
being too context-specific, hindering the use of these insights into the energy context. In the 
energy literature, flexibility has drawing particular attention in the energy engineering 
literature and reflects a rather technical approach towards managing power system 
infrastructure with flexibility. Operating a power system infrastructure is technically a 
different matter to managing flexibility services as an on-demand service platform. Hence, it 
is unclear to what extent engineering conceptualizations are applicable in a business 
environment. 

Based on a single case study and interviews with various industry experts, this research 
project resulted in several findings and associated contributions to the energy flexibility 
literature. First, based on both the literature on the management of on-demand service 
platforms and the case study of an aggregator offering flexibility services, this study was able 
to derive various needs for a conceptualization of flexibility that supports managing 
flexibility services as an on-demand service platform. Such a flexibility conceptualization 
should: a) operationalizes flexibility in measurable features and dimensions, b) specifies both 
the supply and the demand for flexibility in rather similar terms, and c) is generic in nature 
and, therefore, applicable to different flexibility sources and various flexibility needs. 
Regarding the conceptualization of energy flexibility in a business context, a key result of this 
project is the creation of a definition for flexibility that applies to a business context where 
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flexibility is traded through services. This definition states that flexibility in electricity is ‘the 
ability and willingness to increase or decrease the electrical power fed into the grid and/or the power 
drawn from the grid over time’. Rather similar definitions apply for other forms of energy, such 
as gas.  Additionally, supporting the deployment of flexibility in flexibility services, another 
key finding of this study is that the output of a flexibility supplier (i.e., its available flexibility) 
can be specified in terms of rather discrete ‘flex-packages’ that can be traded and consumed 
as a single unit. Such a flex-package is defined and specified in electricity by four flexibility 
characteristics: (1) the Flexibility form (i.e., power infeed to or outfeed from the grid); (2) its 
Physical features, (i.e., the actual amount of flexibility available, specified in kW, kWh, and 
kW/h); (3) the Available time (i.e., availability specified by a start time and an end time); and 
(4) Location (i.e., physical location in the grid, because flexibility demand might be location-
dependent). This conceptualization of flexibility in electricity is generic in nature, and, as 
such, can be applied to all sources of flexibility, allowing their aggregation. 
 
Research project 3: Modularity to support on-demand service platform evolution 
Research project 3 studies how modularity can be applied in the platform infrastructure of 
on-demand service platforms to support their evolution. For example, to expand the services 
offered by an on-demand service platform company. As argued, aggregators offering 
flexibility services can be labeled as on-demand service platforms. In general, in the early 
days of on-demand service platforms, these companies would usually start by establishing a 
platform infrastructure that facilitates just one core interaction between two customer 
groups. Then, over time, successful on-demand service platform companies tend to evolve 
and scale up by layering new interactions on top of the initial core interaction. In the present 
day, aggregator companies have started to expand their businesses, and their evolution 
process seems similar to that of on-demand service platforms in general. For on-demand 
service platforms to survive in the long term, this evolution is essential and can be enabled 
by adopting a modular architecture in the underlying platform infrastructure. Research on 
modularity, however, is scant in the context of on-demand service platforms. Moreover, the 
evolution of on-demand service platforms has remained an abstract phenomenon in the 
literature. Nevertheless, understanding the evolution of on-demand service platforms and 
its impact on the underlying platform infrastructure is essential when designing appropriate 
modular architectures for on-demand service platforms that support their evolution. 

By using a multiple case study methodology, this research project studies the internal 
functioning of the platform infrastructure of five different on-demand service platforms and 
the ways these services have evolved. Subsequently, based on insights from the case studies, 
an analysis is performed to identify the individual modules of which a modular architecture 
for on-demand service platforms may comprise. Then, an analysis was performed to 
conclude what modular archetypes - as derived from the modularity literature - can be 
applied to support the evolution of on-demand service platforms. For similar reasons as in 



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: 196PDF page: 196PDF page: 196PDF page: 196

 

 196 

 

Research project 1, this project adopts a generic approach by also studying comparable cases 
of on-demand service platforms outside the energy context. 

The results of this study demonstrate that the platform infrastructure of on-demand 
service platforms encompasses three essential business functions. These business functions 
with associated underlying components are necessary to establish the core interaction 
between the platform producers and consumers of on-demand service platforms. These 
essential business functions are referred to as Production side management, Consumption side 
management, and Platform matchmaking. In addition to these three essential business functions, 
some cases also include (up to three) other business functions. These business functions are 
used to improve and support matchmaking between platform producers and consumers. The 
complementary business functions are referred to as Data collection, Data analytics, and 
Stakeholder management. From the perspective of modular architectures, these business 
functions with their associated components can be considered as the independently 
operating modules of the platform infrastructure of on-demand service platforms in general, 
but also for aggregators in particular. As such, these can be used as the main building blocks 
when developing a modular architecture for on-demand service platforms. 

As another key finding, this study highlights four forms of evolution that may be 
encountered by on-demand service platforms, namely: ‘Technological evolution’, ‘Adding new 
service features’, ‘Exchanging new types of value units’, and ‘Serving new type of platform 
participants’. Based on these insights, another finding is related to the impact of these 
evolution forms on the platform infrastructure. The case results reveal that the evolution of 
on-demand service platforms mostly materializes within the different modules of the 
platform infrastructure (i.e., on their specific underlying (sub) components) and that the 
structure/composition of these modules remains rather stable throughout evolution. 
However, when components in multiple modules are updated or modified, it cannot be 
assumed that interfaces between modules will remain stable under all circumstances. This 
issue may be resolved by using backward-compatible interfaces. 

An essential step towards developing modular architectures that support the evolution 
of aggregator companies is; i) to understand the forms of evolution aggregators face, and ii) 
to have insight into the main business functions that form the platform infrastructure of 
aggregator companies. The empirical insights provided by this study are therefore an 
important advance in this pursuit. 
 
Conclusion 
In conclusion, the research projects presented in this thesis contribute new scientific insights 
into the academic energy and service management literature on flexibility, on-demand 
service platforms and management, and modular architectures. This thesis further shows 
that some of the key challenges aggregator companies face in offering flexibility services 
relate to more fundamental service management issues and research questions that are also 
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encountered in other industries. By addressing these issues, the results of this thesis 
contribute to the viable implementation of flexibility business in power systems. 



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: 198PDF page: 198PDF page: 198PDF page: 198

 

 198 

 


	English summary



