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Chapter 5 
Discussion and conclusions 
 
 

5.1 Introduction 
The growing integration of Renewable Energy Sources (RES) in electricity creates various 
challenges related to power system balance and congestions for parties active in electricity 
systems (e.g., the Transmission System Operators (TSOs), Distribution System Operators 
(DSOs) and Balance Responsible Parties (BRPs)). A potential solution to deal with these 
challenges can be found in ‘energy flexibility’. Energy flexibility 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. Flexibility can be created by various ‘flexibility sources’ such 
as energy-storing devices like batteries, Electric Vehicles (EVs) while charging, heat pumps, 
industrial machinery such as cold stores and electrolyzers, and energy conversion techniques 
as power to gas converters. 

The electrical devices that can be steered are generally owned and used by independent 
parties who do not necessarily experience RES integration challenges. Therefore, to use these 
flexibility sources as a solution to the challenges faced by other parties due to RES integration, 
this 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. A new emerging role related to flexibility services is the aggregator. Formerly, the 
parties that offered flexibility were mostly larger industries and electricity producers. 
Nowadays, however, these also include more and more households and smaller industries. 
These new flexibility suppliers are typically small-scale and decentralized and require 
professional parties to function as coordinating mechanisms to deploy their flexibility. This 
function is being fulfilled by aggregators. 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 flexibility consumers who face the challenges 
arising from the use of RES. In doing so, an aggregator fulfills an intermediary networking 
role between flexibility suppliers and flexibility consumers. As such, aggregators can be 
labeled as a specific type of on-demand service platform business. 
 
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 
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offering flexibility services in power systems. Three empirical research projects were 
undertaken in this PhD-research to fulfill this aim, which provides new insights into the 
organization and management of aggregators offering flexibility services. The three research 
projects all find their origin in the specific context of on-demand flexibility service platforms 
that provide flexibility services in power systems. Even so, two of the three projects (i.e., 
Research projects 1 and 3) adopted a more generic approach by also studying cases outside 
the energy context. The adoption of a more generic approach in these two projects had several 
benefits. First, studying multiple cases from varying industries enabled better comparison 
and contrasting of cases with each other, which improved understanding. Second, from a 
scientific perspective, the study of cases in various industries made the findings more 
compelling and valid, and therefore scientifically more valuable. Lastly, studying cases 
outside the energy context provided new insights (e.g., in management practices) that could 
also be of value when applied in this specific context of flexibility services in power systems. 
 
In this final chapter, the main results of this doctoral research are discussed. First, the main 
findings of the individual research projects are addressed. Subsequently, the main theoretical 
contributions of this research are highlighted, focusing on the different theoretical fields 
covered. Lastly, this research's practical implications for both managers and policymakers in 
the energy domain are discussed.  
 
 

5.2 Main findings 
This section discusses the main findings of the three research projects. Because Research 
projects 1 and 3 had a generic approach, the implications of the findings for the specific 
context of offering flexibility via services in power systems will also be discussed. 
 

5.2.1 Research project 1: Characteristics and management of on-demand services 
This research project addresses 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?, and (RQ2) What service management practices can be applied in offering services on-
demand? In answering these research questions, this project adopts a generic approach by 
studying both on-demand flexibility service platforms in the power sector, as well as six on-
demand services in other industries. In this section, the main generic findings are 
highlighted, followed by a discussion of the implications for the specific context of flexibility 
services. 
 
Key characteristics of on-demand services 
Based on analysis of the literature on on-demand services and empirical evidence collected 
from multiple cases, a key finding of this study is that on-demand services can be described 



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: 133PDF page: 133PDF page: 133PDF page: 133

 

 133 

 

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”. While 
the characteristics found and definition established apply to on-demand services in general, 
this finding also sheds light on the nature of flexibility services in particular. 
 
The on-demand services continuum 
Another finding of this study 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 is proposed, which is specified for each of these three 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 TSO. These services all differ in terms of amounts of flexibility available, their 
responsiveness, and their scalability. As such, the on-demand continuum can clarify how 
various flexibility services may differ from each other in terms of being on-demand. 
 
The customer and provider perspectives of on-demand services 
Lastly, the findings of this study shed light on the customer and provider perspectives of on-
demand services. Regarding the customer perspective, the results indicate several reasons 
that customers may request and value on-demand services over others. One reason in 
particular stresses the need for on-demand supply in the case of flexibility services: this is the 
rather unpredictable and fluctuating nature of the demand for flexibility. This nature of 
demand makes it difficult for service providers to anticipate demand early. As also argued 
by Weinman (2011 and 2012), when demand is unpredictable and highly volatile (i.e., a 
peculiarity of demand for flexibility in power systems), on-demand provisioning generates 
clear additional value relative to a fixed resources strategy. Moreover, Weinman argues that 
when demand is constant or easily predictable, on-demand service provisioning has no 
added value, and service provisioning can better be scheduled.  

Further, regarding the supplier perspective, the results show that on-demand services 
have a unique combination of characteristics, with specific implications for service 
management. In general, the key challenge on-demand companies face is finding the best 
trade-offs in the degrees of being on-demand (i.e., in terms of availability, responsiveness, 
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and scalability) versus the associated costs and standardization of service offerings. The case 
study further shows that specific service management practices are commonly used to deal 
with these trade-offs and to offer highly available, scalable, and responsive services at 
acceptable costs. In the context of aggregators offering flexibility services, examples of such 
practices are: 

 On-demand procurement of flexibility (e.g., steering independently owned 
electrical devices such as EVs, heat pumps, and industrial cold stores). 

 Creating a redundant/sufficiently large group of independent flexibility suppliers. 
 Using a service platform model to procure & deploy key flexibility sources. 
 Establishing contracts with flexibility suppliers (e.g., EV drivers/owners), but 

generally without service-level agreements. 
 Developing and using a dedicated IT infrastructure to manage demand and supply 

of flexibility. 
 Implementing highly standardized service processes through IT. 
 Applying combinations of usage-based and availability-based pricing. 

 

5.2.2 Research project 2: Conceptualizing flexibility in the business context of 
flexibility services 

This research project addresses RQ3: How can the notion of flexibility be conceptualized to support 
the management of on-demand flexibility service platforms in power systems? The focus of this 
research project is specifically on the energy flexibility service context. The aim is to 
conceptualize the notion of flexibility in the business context of flexibility services offered by 
aggregators via on-demand service platforms. 
 
Conceptualization of energy flexibility 
Based on both the literature on the management of on-demand services platforms and the 
case study of an aggregator offering flexibility services, this study was able to derive various 
requirements for the conceptualization of flexibility. Managing flexibility services as an on-
demand service platform requires a flexibility conceptualization that: a) operationalizes 
flexibility in measurable features and dimensions, b) specifies both the supply and the 
demand for flexibility in similar terms, and c) is generic in nature and, therefore, applicable 
to different flexibility sources and various flexibility needs. 

A key result of this project is the creation of a flexibility definition that applies to a 
business context where flexibility is acquired and offered by aggregators via on-demand 
service platforms. This result is based on an analysis of the flexibility literature, the studied 
case, and input from the expert interviews. This definition states that flexibility 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’. Based on the insights of the case study, it is important to note that, for 
an aggregator (i.e., the Flexibility Service Provider) flexibility is purely the ability to steer 
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infeed and outfeed. However, for flexibility suppliers (e.g., electric vehicle drivers, 
households, or industry), it is not only their technical ability but also their willingness.  

Additionally, 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 discrete ‘flex-packages’ that can be 
traded and consumed as a single unit. Such a flex-package is defined and specified 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 finding supports aggregators in managing flexibility in flexibility 
services. 

 The results further highlight that the availability of a flex-package and the amount of 
flexibility available are determined by constraints. These may be ‘technical constraints’ 
associated with the specific electrical devices that can provide flexibility (e.g., a battery of an 
electric vehicle would never be capable of providing more energy than its maximum 
capacity). However, these could also be ‘comfort or business constraints’ set by the actors using 
or owning the flexibility devices (e.g., the driver of an electric vehicle determines how much 
battery capacity can be used for flexibility, or how long the EV is available). Also, the 
availability, and the amount available, of a flex-package are both limited and can decrease, 
even to zero, because of elapsed time and consumption of flexibility. 
 
Defining flexibility sources in business terms 
Further, this study highlights the importance of redefining the four generic sources of 
flexibility (e.g., storage, demand-side management (DSM), supply-side management (SSM), 
and conversion) in terms relevant for business. To date, the existing energy engineering 
literature has predominantly described flexibility sources in terms of their physical processes 
and not in flexibility-related business terms, as elaborated earlier. In describing flexibility 
sources in terms of their physical processes, the relationship with flexibility services often 
remains ambiguous because the concepts of storage, DSM, SSM, or conversion in physical 
terms are not the same as in flexibility business terms. This issue is clearly illustrated by the 
example of using EV batteries as flexibility devices. From an engineering perspective, this 
flexibility source can be described in terms of both energy conversion and storage. From a 
business perspective, however, this flexibility source is a form of DSM because, generally, 
only the electricity feed from the grid to the battery can be controlled. However, if the 
batteries can also discharge, this source transforms from DSM to energy storage. Therefore, 
to distinguish the flexibility sources in a conceptually sound way for business purposes, it is 
important to consider the perspective of the grid into which electricity is fed in and/or taken 
out. 
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5.2.3 Research project 3: Modularity to support on-demand service platform 
evolution 

This research project addresses RQ4: How can modularity be applied in the underlying platform 
infrastructure of on-demand service platforms to support their evolution? This research project also 
adopts a generic approach by studying both cases in the energy context (i.e., two flexibility 
aggregators in power systems), as well as three cases in other industries. This section also 
highlights the main generic findings of this research project, which is followed by a 
discussion of the implications for the specific context of flexibility services in power systems. 
 
The business functions of on-demand service platforms 
The results of this study show 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. In addition to these 
three essential business functions, some cases also include (up to three) other business 
functions, which are used to improve and support matchmaking between platform 
producers and consumers. The essential business functions are referred to as Production side 
management, Consumption side management, and Platform matchmaking. The complementary 
business functions are referred to as Data collection, Data analytics, and Stakeholder management. 
The results show that the platform infrastructure of flexibility aggregators, functioning as on-
demand service platforms, also comprises these six business functions.  

From the perspective of modular architectures, these business functions with their 
associated underlying components can be considered as the independently operating 
modules of the platform infrastructure of on-demand service platforms in general, but also 
of aggregators in particular. 
 
Forms of evolution encountered in on-demand service platforms 
As another key finding, this study highlights four forms of evolution that may be 
encountered by on-demand service platforms. These are: ‘Technological evolution’ (e.g., 
improving a forecasting algorithm), ‘Adding new service features’ (e.g., adding an information 
dashboard for flexibility providers), ‘Exchanging new types of value units’ (e.g., besides offering 
FCR to the TSO, also offering aFRR and/or mFRR), and ‘Serving new type of platform 
participants’ (e.g., in addition to using private persons with EVs, also using companies with 
flexible industrial processes; or, in addition to offering flexibility to the TSO, also offering 
flexibility to the DSO). While the first form seeks to improve the internal functioning of the 
platform infrastructure and does not aim for any functional changes, the other three 
evolution forms have clear functional implications for the platform participants. A related 
key finding concerns the impact of these evolution forms on the platform infrastructure. The 
case results reveal that the evolution of on-demand service platforms mostly materializes 
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within the different modules and that the structure and composition of these modules remain 
rather stable throughout evolution. 
 
To conclude, the key insights provided by this research project (i.e., the business functions of 
on-demand service platforms and the forms of evolution encountered by on-demand service 
platforms) are essential first steps in developing modular architectures that aim to support 
the ability of aggregator companies to evolve. Hence, the empirical insights gained by this 
study are an important step forward in this pursuit. 
 

5.2.4 Overall findings 
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. Deploying 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 
supporting legislation and regulation, and a change in energy-consuming behavior. 
Although the concept of flexibility initially attracted attention in the energy engineering 
sciences in particular, it has also recently drawn increasing research interest in the business 
and management sciences, to which this thesis contributes. In doing so, this thesis shows that 
adopting such business perspectives to energy flexibility services is important and provides 
new and relevant insights for managing flexibility services. As an example, Research project 
2 shows that managing flexibility services as an on-demand service platform requires 
different insights into the flexibility concept than technically operating a power system 
infrastructure with flexibility. The flexibility conceptualizations from the engineering 
literature are interesting and provide knowledge to build on. However, they are not accurate 
and complete to offer detailed insights into the flexibility concept that supports aggregators 
in managing flexibility services as on-demand service platforms. 

Further, because flexibility has drawn significant attention in the engineering sciences, 
technologies to deploy flexibility have generally become available (Lund et al., 2015; Mahlia 
et al., 2014). Nonetheless, the costs of using and deploying these technologies (both 
investment and operational costs), or the costs involved in making the existing electrical 
devices suitable for flexibility provision (i.e., installing hardware and software to control 
them) are still rather high. As a result, financial margins are still narrow, which results in 
rather limited compensations for flexibility providers and difficult-to-maintain business 
cases for aggregator companies. On the one hand, this requires further engineering research 
and development to reduce both investment and operating costs of flexibility technology. A 
potential first step may be to integrate (standardized) flexibility software and hardware 
already in the manufacturing of electrical devices such as EVs, charging stations, and heat 
pumps. On the other hand, however, it is important to pay attention to the business 
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environment of flexibility with the aim of creating a well-functioning business context where 
flexibility can efficiently be traded. This requires the definition of clear roles and 
responsibilities concerning trading and deploying flexibility. Further, it involves the creation 
of clear and standardized information interaction protocols between the parties involved in 
the trade and management of flexibility to make the business of trading and managing 
flexibility more efficient. Finally, this also necessitates the development of sound service 
management practices with efficient services management processes that can easily evolve 
and that can easily be scaled up to support the creation of viable flexibility businesses. This 
thesis sets the first step in realizing this. 

As a last overall finding, this thesis shows that some of the key challenges aggregator 
companies face in offering flexibility services relate to more fundamental service 
management issues (i.e., related to on-demand service platforms) and research questions that 
are faced by various industries. As an example, this thesis addresses two such issues related 
to the on-demand supply of services and the creation of modular architectures for on-
demand service platforms to support their evolution. Other challenges faced by aggregator 
companies that also touch upon more fundamental service management issues and research 
questions relate to (i) the upscaling of businesses from start-ups to more mature scale-up 
companies, (ii) the creation of industry-wide standardizations for information exchanges 
between different parties and associated protocols for flexible electrical devices, and (iii) the 
creation of transparent, accessible, and liquid markets with fair prices. As this thesis shows, 
studying comparable cases outside the energy domain can provide interesting insights that 
can support the development of mature and viable flexibility businesses in power systems. 
 
 

5.3 Theoretical contributions 
This section discusses the theoretical contributions of this thesis, specific to the different 
streams of literature. These insights have been gained by studying various cases within the 
context of flexibility services in power systems, and, in two studies, also by exploring 
comparable cases outside the energy context. 
 

5.3.1 Service management literature 
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 (e.g., by Chen and Wu, 
2013; Künsemöller and Karl, 2014; Taylor, 2018), the conceptual understanding of on-demand 
services is limited because studies on the characteristics of on-demand services were 
generally lacking. Given this lack of theoretical insight, it remained uncertain how practical 
experiences with on-demand services could be translated and applied to other service 
contexts, where they might add value for customers as well. 
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Based on this knowledge gap, Research project 1 generated insights that support the 
development and management of on-demand services, unconstrained by any context, and 
makes the following contributions to the service literature. First, by analyzing the literature 
on the on-demand services concept and by studying several cases, on-demand services are 
defined and conceptualized. Specifically, this research revealed three interrelated key 
characteristics of on-demand services that clarify the distinctive nature of this service type. 
Additionally, an on-demand service definition is proposed. This definition is an advance in 
that it is based on the characteristics determined via an empirical study that covers a wide 
spectrum of services. This gives it a firmer theoretical grounding and generalizability than 
other existing definitions in the literature, which predominantly focus on a single service 
context (which is generally the IT context). Second, this research projet studied the variety 
within on-demand services and developed an on-demand service continuum to obtain 
insights into the conceptual differences between various on-demand services. 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. 
 

5.3.2 Energy flexibility literature 
Although the representation and assessment of flexibility in power systems in the context of 
energy research is evolving, this topic has so far drawn 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 generally 
reflect a rather technical approach towards managing power system infrastructure with 
flexibility. Further, in a business context, flexibility is frequently studied in the operations 
management and supply chain management 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. While the literature on flexibility is relevant and provides knowledge 
to build upon, no detailed insights into the flexibility concept are offered that can support 
aggregators in managing flexibility services as on-demand service platforms. 

Based on this gap in the literature, Research project 2 studied the notion of flexibility in 
the business context of flexibility services and made the following contribution to the energy 
flexibility literature. This research project conceptualized the notion of flexibility as a tradable 
good that can be ‘exchanged’ in a business context by aggregators functioning as on-demand 
service platforms. Specifically, the provision of flexibility is operationalized and framed in 
measurable and tradable flexibility units labeled as flex-packages that specify flexibility form, 
physical features, availability, and location. Further, to facilitate matching, the demand for 
flexibility is framed in similar terms. The proposed conceptualization of this study further 
clarifies how the outputs from multiple flexibility suppliers are shaped by the interactions 
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among the actors and technologies involved, and what the impacts are of certain constraints 
(which can be related to various aspects including business, comfort, or technology) on 
specific dimensions of flexibility. Considering the influence of both the actors involved and 
the technologies used on flexibility is novel given the previous focus on the technologies 
used. This differentiation is especially important in the service management context because 
users of flexibility devices need to be incentivized to provide flexibility. In addition, the 
conceptualization also sheds light on the finiteness of flexibility (i.e., as flex-packages) and 
the influence of flexibility consumption and time on the amount of flexibility available, if any. 
Further, were the extant energy flexibility literature generally has a focus on the devices that 
provide flexibility (i.e., the supply of flexibility), this study differentiates between both the 
demand for flexibility and the supply of flexibility. As such, the conceptualization addresses 
how to describe demand and supply of flexibility in similar, generic terms. This eases the 
matching of demand and supply, thus assisting aggregators in efficiently exchanging 
flexibility in an on-demand fashion between flexibility suppliers and consumers. In so doing, 
these contributions build upon the work of Ulbig and Andersson (2015) and Eid et al. (2016). 
 

5.3.3 On-demand service platform literature 
In the present day, on-demand service platforms have started to appear in almost every 
industry. Nevertheless, for them to survive in the long term, they need the ability to evolve, 
which may be achieved by adopting a modular architecture in the underlying platform 
infrastructure (Baldwin and Woodard, 2009; Parker et al., 2016). On-demand service 
platforms have drawn significant attention in the literature and the potential of a modular 
architecture is recognized here. However, the literature has hardly paid attention to studying 
the underlying architectures - and the potential of modularity - in the platform infrastructure 
of on-demand service platforms (Brax et al., 2017). Additionally, despite the need for on-
demand service platforms to evolve is being recognized in the literature, the evolution of on-
demand service platforms remained an ill-defined and abstract phenomenon in the literature 
(Staykova and Damsgaard, 2017). Understanding both the evolution of on-demand service 
platforms and the impact of this evolution on the underlying platform infrastructure is 
essential when aiming to design appropriate modular architectures for on-demand service 
platforms that support their evolution. 

Based on these gaps in the literature, Research project 3 contributes new empirical 
insights that enable the development of more modular architectures for the platform 
infrastructure of on-demand service platforms to support their evolution. Specifically, this 
research made the following contributions to the literature on on-demand service platforms. 
First, based on the empirical results and the literature on modularity, the key contribution to 
the literature resides in an analysis and discussion on which modularity archetypes (as 
derived from the literature) can be applied to support the evolution of on-demand service 
platforms. Key here is the insight that modularity may be applied at two different levels of 
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the platform infrastructure of on-demand service platforms. At the overall level of the 
platform infrastructure, the case results allowed the identification of the modules necessary 
for developing modular architectures. Moreover, it allowed the characterization of the 
associated interfaces as a slot type of modularity (Ulrich, 1995) with standardized dedicated 
interfaces. This mainly results of heterogeneous information interactions between modules. 
Then, at one level lower within a single module, both the sectional and the bus types of 
modularity (Ulrich, 1995) with a standardized replicating interface design may be useful to 
support adding components within a module. This mainly results from homogeneous 
interactions within modules. Further, modular archetypes such as component swapping and 
component sharing (Ulrich and Tung, 1991) might also be useful for efficiently creating 
variant components. 

As another contribution, the case studies showed that the platform infrastructure of on-
demand service platforms generally encompasses six business functions, with associated 
components, to establish the core interaction between platform producers and consumers. 
These insights advance the literature, as the literature has not provided a comprehensive and 
detailed view on the functioning of the platform infrastructure of on-demand service 
platforms yet. While some potential business functions could be derived from the literature, 
empirical evidence was generally lacking, just as insight into the interactions between the 
different business functions. Insights into these interactions are important, as these can set 
restrictions on the type of interfaces and way modularity can be applied. These business 
functions that emerged in the case studies can be considered as the independently operating 
modules of the platform infrastructure of on-demand service platforms and can be used as 
the main building blocks when developing a modular architecture.  

Lastly, as a third contribution, the empirical results highlight four different forms of 
evolution that can be encountered by on-demand service platforms. The key insights here 
are that the impact of the different forms of evolution mostly materializes within the modules 
of the platform infrastructure (i.e., on their specific underlying (sub)components) and that 
the structure of the different modules that constitute the platform infrastructure of on-
demand service platforms is not impacted. So far, service platform evolution has remained 
an ill-defined and abstract concept in the literature (Staykova and Damsgaard, 2017), making 
it unclear how on-demand service platforms evolve exactly. Understanding the evolution of 
on-demand service platforms and the impact on the platform infrastructure is essential for 
designing appropriate modular architectures that aim to increase the ability of on-demand 
service platforms to evolve. 
 
 

5.4 Managerial and policy implications 
This section discusses the practical implications of the results for parties offering flexibility 
services in power systems, and the resulting implications for policymakers. 
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5.4.1 Managerial implications 
 
Aggregator companies as on-demand service platforms 
The intermediate aggregator, fulfilling the role of a flexibility service provider, can be labeled 
as an on-demand service platform. Managing an on-demand service platform is challenging 
and requires specific service management practices. This study has shown that having a 
precise flexibility conceptualization has practical relevance. It can help flexibility service 
providers as aggregators gain detailed insights into the business ramifications of flexibility. 
This is useful in managing flexibility services as on-demand service platforms, both at the 
more operational and the more strategic level. Examples of such on-demand service platform 
management practices that benefit from a precise flexibility conceptualization are related to 
the coordination of the platform sides of an aggregator, which is often done by actively and 
dynamically pricing the demand and the supply of a platform business. Another example is 
the operational matching of flexibility demand with flexibility supply. At the more strategic 
level, a generic applicable conceptualization of flexibility can support in opening the service 
platform to varying types of flexibility devices and flexibility consumers. This can help to 
strategically grow the platform and increase the value for all platform participants.  
 
Managing the on-demand supply of flexibility 
Following from the results of Research project 1, the detailed characterization of on-demand 
services and development of the associated on-demand service continuum has practical 
relevance for parties offering (on-demand) flexibility services. It can help to provide a 
detailed understanding of the on-demand nature and peculiarities of flexibility services, 
which are valuable in developing and managing (on-demand) flexibility services. It is not 
necessary for every flexibility service to fully achieve the ideal position on the on-demand 
continuum, because this is dependent upon the demands of the flexibility consumers. 
Flexibility service providers should, therefore, understand, in terms of the on-demand 
characteristics, their customers’ needs. The proposed continuum is useful in this context to 
operationalize these needs and set the appropriate requirements for each characteristic. 
Accordingly, practitioners can use the on-demand service continuum as a management tool 
to steer their flexibility service offerings towards the on-demand requirements of their 
flexibility customers. 
 
Developing modular architectures for aggregator companies 
Lastly, the findings of Research project 3 indicate that, to date, guidelines supporting the 
development of a flexibility service platform that follows a more modular architecture have 
not been available to practitioners developing flexibility services. This study fills this gap and 
offers practitioners guidelines for developing modular architectures that may support the 
ability to evolve. Specifically, the insights into the main business functions, which may serve 
as the modules of a modular architecture for on-demand service platforms, can be used as a 
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starting point and blueprint for (re)designing the architectures of the platform infrastructure 
of aggregator companies that intend to remain competitive and value-adding in the long 
term. The results of this study are, therefore, of interest for both existing and starting 
aggregator companies. 
 

5.4.2 Policy implications 
The results of this thesis emphasize the importance of the following policy implications, 
relevant for policymakers. 
 
Incentivizing owners of potential flexibility devices 
First, we highlight the importance of policy measures that incentivize owners of electrical 
devices that could provide flexibility to make their devices available to flexibility services. 
Although there are many potential flexibility devices around, only a limited number are 
actively being used. Currently, the financial benefits for flexibility suppliers are rather small 
and offer little incentive. Energy policies such as tax measures, awareness campaigns, and 
investment subsidies could help to make more flexibility devices available. Additionally, 
standardization of information exchanges and ICT requirements will also enhance the 
development of flexibility services. Further research, however, is needed to determine the 
most effective policies.  
 
Locating large-scale renewable energy production to reduce congestion problems 
Second, grid congestion is becoming a serious challenge in the Netherlands, both in the TSO 
and the DSO infrastructure. Although the use of flexibility can resolve congestion problems 
to some degree, as argued in this thesis, it is not expected to resolve congestions in the future 
completely. To prevent from congestions, significant investment costs in grid reinforcements 
are necessary in the short-, medium-, and long-term. However, another way to limit 
congestion problems and to lower costs is to better match the installation of RES - especially 
larger solar PV fields - with expected power demand in specific grid areas. Larger solar PV 
fields are currently often being implemented in the more remote areas (e.g., the eastern part 
of the Netherlands), where power demand is relatively limited and where the capacity to re-
distribute the produced power is not adequate. From an energy system perspective, it would 
be preferable not to deploy large solar PV installations in remote areas, but closer to 
consumption sites, for example, on (industrial) rooftops. Locating power production close to 
consumption (both in terms of time and distance) limits distribution losses and congestion 
problems, with associated costs of unavoidable grid reinforcements and/or the cost of 
deploying flexibility. Moreover, such a policy allows available land to be used for purposes 
other than large-scale energy production and makes more effective use of empty rooftops. 
Energy policy measures may be needed to make it more easy or more attractive to install 
larger renewable energy installations at available (industrial) rooftops close to demand. The 
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identification of appropriate and effective policy measures to this end requires further 
research. 
 
 

5.5 Suggestions for further research 
Based on the findings of this thesis, we propose the following future research directions. 
 
The DSO as a flexibility consumer 
More research is required on the DSO as a flexibility consumer. DSOs could use flexibility to 
manage congestion as a means to limit or postpone expensive grid investments. However, 
grid investments have planning perspectives of several decades, whereas flexibility service 
contracts may look no more than a few years ahead. This makes flexibility services relatively 
less attractive for DSOs because there is no guarantee that the flexibility will be available after 
a contract expires, leading to the eventual later need for the DSO to invest in the grid. For 
TSOs, this issue is less critical because their pool of potential flexibility sources is larger than 
that of a DSO. DSOs generally face local congestion problems and thus require local flexibility 
sources. Future research is, therefore, needed to develop service propositions and policies 
that make flexibility services attractive to DSOs. For example, one could consider introducing 
policies that require service propositions to first allocate local flexibility sources to resolving 
local grid problems, before deploying them for system balancing purposes. Ultimately, this 
could expand the flexibility market, which would be beneficial for all parties in the power 
system. 
 
Best practices in managing on-demand services 
The thesis also discusses more general applicable service management practices in relation 
to managing the on-demand supply of services. An overview is provided of potential service 
management practices currently used in practice. However, further research is needed to 
obtain insights into the main best practices in general, also specifically for flexibility services 
providers in power systems. What, for example, are good management practices that 
contribute to high degrees of availability, responsiveness, and/or scalability? What are the 
negative consequences of adopting an on-demand service model and what are the associated 
trade-offs (e.g., higher costs and reduced customization)? What can be learned from existing 
on-demand services (mostly in IT) regarding such management practices and trade-offs, and 
how can these insights be applied in other service contexts? Additionally, another aspect that 
would benefit from additional research is the management of risks in on-demand supply 
chains. 
 
Modular service architectures for on-demand service platform infrastructures 
This thesis demonstrates the potential of modular architectures for on-demand service 
platform infrastructures in general, but also for aggregator companies specifically, especially 
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when the aim is to support evolution. Further research, however, is required to investigate 
how this ambition is best realized in practice. Future research should study for example cases 
where modularity is already applied in the design and implementation of aggregator 
services. This would shed light on how modular architectures behave in practice and the 
effects of applying different modular designs on the ability of on-demand service platforms 
to evolve. An interesting approach here would be to use a design science research 
methodology (e.g., van Aken et al. 2016; Wieringa 2014), which both creates and tests 
artifacts. 
 
Typology and conceptualization of on-demand service platforms 
The last suggestion for further research relates to the on-demand service platform model. 
On-demand service platforms have been pivotal in this thesis. In practice, many different 
forms of on-demand service platforms exist, but clear and useful typologies that give insights 
into the commonalities and differences of on-demand service platforms are lacking in the 
literature. Having a sound typology and conceptualization of on-demand service platforms 
can be beneficial, especially because understanding the commonalities and differences 
between various on-demand service platforms can help translate proven successful 
management practices applied in one context or case to another. As an example, a sound 
typology can enable aggregator companies to learn from insights into the use of modularity 
in the architectures of different types of on-demand service platforms that, for example, are 
not active in the energy domain. 
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