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Chapter 3 
Conceptualizing flexibility in the business context 
of flexibility services in power systems 
 
 

An article based on this chapter is currently 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. 
 
 
Abstract  
The integration of renewable energy creates challenges for parties in electricity systems. The 
established view on how to deal with these challenges lies in the notion of flexibility. 
Flexibility in power systems can be offered as a service. A new emerging role related to 
flexibility services is the aggregator, who provides an intermediary networking role between 
flexibility suppliers and the parties in need of flexibility. This study's premise is that 
managing such an aggregator flexibility business requires a precise conceptualization of the 
notion of energy flexibility. While the literature on flexibility provides some insights into the 
flexibility concept, this concept has never been studied in the business context of aggregators 
managing flexibility services in power systems. Recognizing this shortcoming, this study 
aims to conceptualize the notion of flexibility from a business perspective to support the 
management of such flexibility services. This project adopts an explorative and qualitative 
research approach. The study starts with an exploratory case study on an aggregator offering 
flexibility services to gain insights into the service management practices of an aggregator 
and the role of the flexibility concept in this business context. Subsequently, various domain 
experts are interviewed to gain more insights into the flexibility concept in power systems, 
aiming to support the development of a generally applicable flexibility conceptualization. In 
so doing, this study contributes to the energy flexibility literature by conceptualizing the 
notion of flexibility as a tradable good between flexibility suppliers and consumers. 
Specifically, this study frames the supply of flexibility 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 flexibility in power systems can be applied to all flexibility 
sources. This allows relating the different types of flexibility sources (e.g., demand side 
management, and storage), enabling the aggregation of a variety of electrical devices. These 
findings are novel since flexibility in power systems has mainly been studied from an 
engineering perspective.
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3.1 Introduction 
The growing integration of Renewable Energy Sources (RES) in electricity systems is 
challenging. Two key characteristics of RES, intermittency and decentralization, create 
various challenges for parties active in electricity systems. Examples of such parties are 
Transmission System Operators (TSOs), Distribution System Operators (DSOs), and Balance 
Responsible Parties (BRPs) (Eid et al., 2016A; Koltsaklis et al., 2017). The established view on 
how to deal with these challenges lies in the notion of flexibility in electricity systems (Bontius 
and Hodemaekers, 2018; Lampropoulos et al., 2018; Verzijlbergh et al., 2017). Such flexibility 
can be defined from an engineering point of view 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 can be created by various ‘flexibility sources’ such 
as energy-storing devices like batteries, energy conversion techniques as power-to-gas 
converters, or electricity-consuming devices as electric vehicles (EVs), heat pumps, and 
industrial processes (Lund et al., 2015). 

These flexibility sources are generally owned and used by independent parties who do 
not necessarily experience the challenges of RES integrations. 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 (Burger et al., 
2017). 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 (Eid et al., 2015) and require professional parties to function as coordinating 
mechanisms to deploy their flexibility (van der Veen et al., 2018). This function is being 
fulfilled by aggregators, who provide an intermediary networking role between flexibility 
suppliers and the parties in need of flexibility (i.e., the flexibility consumers) (Burger et al., 
2017; Weiller and Pollitt, 2013). The focus of this study is on the role of aggregator offering 
flexibility services. 

The aggregator can be labeled as an on-demand service platform. On-demand service 
platforms are matchmaking services that facilitate interactions between members of distinct 
customer groups who are time-sensitive, i.e., the customers are sensitive to delays (Bai et al., 
2018; Taylor, 2018; Parker et al., 2016). Managing an on-demand service platform is 
challenging and requires specific service management practices (Hu, 2019; Taylor, 2018). In 
this study, we argue that these management practices - in the particular context of 
aggregators offering flexibility services in power systems - are supported by a precise 
conceptualization of the notion of flexibility. In general, the success of an on-demand service 
platform lies in the ability to perfectly match fluctuating demand for a certain good or service 
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with a fluctuating supply (Gao et al., 2018). The fact that this matchmaking should happen 
in an on-demand fashion makes this an even more challenging business (Taylor, 2018). 
Hence, operating an on-demand service platform with 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 expected 
available or required flexibility are, for example, essential 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? Insights into the flexibility concept 
can also be of relevance for other service management practices of aggregators, such as the 
pricing of flexibility (at the supply and the demand side), establishing contracts with 
suppliers and consumers, and the aggregation of different types of flexibility sources into a 
unified and more substantial amount of flexibility. 

The concept of flexibility is studied in different academic disciplines. In a business 
context, flexibility is profoundly studied in the operations management (OM) and supply 
chain management (SCM) literature (Pérez- Pérez et al., 2018; Tiwari et al., 2015; Yu et al., 
2015). However, in the OM and SCM literature, detailed and quantitative insights into the 
flexibility concept are generally criticized for being too context-specific (Golden and Powell, 
2000; Stevenson and Spring, 2007). This can make it challenging to translate these insights 
into other domains, such as energy. In the energy literature, the representation and 
characterization of flexibility in electricity systems is evolving, but particularly gaining 
attention from an engineering perspective (Alizadeh et al., 2016; Fischer et al., 2017; Hurtado 
et al., 2017). Seminal here is the work of Ulbig and Andersson (2015), who propose a 
framework for quantifying and visualizing the technically available flexibility of individual 
power system units. In this framework, flexibility is specified in terms of power capacity, 
energy capacity, and ramp-rate. Although the work of Ulbig and Andersson is relevant, it 
reflects a rather technical approach towards managing power system infrastructure with 
flexibility. Because operating a power system infrastructure is technically different from 
managing flexibility services as an on-demand service platform, it is unclear how engineering 
conceptualizations work in a business environment. Eid et al. (2016) are among the few 
exceptions in adopting a more business-focused perspective on flexibility while discussing 
characteristics of flexibility devices and their potential in different energy markets. Further, 
Burger et al. (2017) and Carreiro et al. (2017) focus on the aggregator by discussing the 
services they can provide and the value they add. Finally, Olivella-Rosell et al. (2018) present 
the design of a local flexibility market. While these papers are relevant and provide 
knowledge to build upon, they do not offer detailed insights into the flexibility concept that 
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can support aggregators in managing flexibility services as on-demand service platforms. By 
recognizing these shortcomings, this study 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? 

 
In answering this research question, this chapter studies flexibility in the business context of 
flexibility services and makes the following contribution to the energy flexibility literature. 
This study conceptualizes 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 somewhat 
similar terms. This conceptualization of flexibility can be applied to all sources of flexibility. 
This allows relating the different types of flexibility sources (e.g., storage and conversion), 
which enables the aggregation of a variety of electrical devices. In doing so, these results are 
building upon the work of Ulbig and Andersson (2015) and Eid et al. (2016).  

The remainder of this chapter is organized as follows: Section 3.2 describes the 
theoretical background. The methodology is presented in Section 3.3. Following this, Section 
3.4 presents a case study, and Section 3.5 conceptualizes flexibility in the context of flexibility 
services. Subsequently, Section 3.6 provides a discussion of the findings before Section 3.7. 
presents the main conclusions. 
 
 

3.2 Theoretical background 
The theoretical background focusses first in Section 3.2.1 on the concept of flexibility services 
in electricity systems. This section describes the nature of these services and proceeds to 
analyze the providers of these services, who are usually called aggregators. Aggregators 
collect flexibility from suppliers by operating their electrical devices and offer this to their 
flexibility consumers. For a proper theoretical background, flexibility service providers, such 
as aggregators, are therefore conceptualized as on-demand service providers who serve 
flexibility suppliers and flexibility consumers to exchange value. Such a role is nowadays 
often called an ‘on-demand service platform’. Subsequently, based on the on-demand service 
platform literature, management practices related to such service providers are discussed. 
These management practices also apply to aggregators offering flexibility services in power 
systems. The aim here is to set the scene for a conceptualization of ‘flexibility in power 
systems’ that supports the management of flexibility services.   

Accordingly, the flexibility literature is reviewed in Section 3.2.2. In particular, the OM 
and SCM literature and the energy literature on flexibility are reviewed to gain any insights 
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into the notion of flexibility that may prove useful for the specific context of flexibility 
services in power systems. 
 

3.2.1 Flexibility services and on-demand service platforms 
 
The need for flexibility  
The integration of renewable energy sources (RES) creates various challenges for parties in 
the electricity system. The underlying reasons for these challenges are twofold: First, an 
electricity system must always be in balance, i.e., power supply should equal power demand 
at any moment in time (Ulbig and Andersson, 2015). Second, the system should avoid 
congestion, i.e., the power transmitted geographically should remain within the capacity 
constraints of the transport and distribution infrastructure, i.e., the cables and transformers 
(Bontius and Hodemaekers, 2018; Verzijlbergh et al., 2017). If the system is not in balance, or 
if congestion happens anywhere in the infrastructure, frequency fluctuations and voltage 
fluctuations will occur, and part of the system will shut down. To keep the system in balance, 
as a rule, every party active in power systems has the responsibility to remain in balance. As 
such, specific parties take the role of BRP, who carry balance responsibility over their 
portfolio of power production and consumption. The execution of this responsibility is 
usually checked by the TSO. Further, the prevention from congestion in the grid is a 
responsibility of both the TSO and the DSOs. 

Many parties face challenges caused by RES. System operators, for example, face 
challenges related to system stability and congestion due to irregular and decentralized 
electricity production of RES. BRPs face challenges in balancing their portfolios of electricity 
production and consumption due to the imbalance caused by RES. This leads to imbalance 
costs. Prosumers with RES have difficulties in producing and consuming electricity 
simultaneously and, therefore, do not make effective use of their self-produced electricity 
(Eid et al., 2016a; Verzijlbergh et al., 2017). The established view on how to deal with these 
challenges lies in the notion of energy flexibility (Verzijlbergh et al., 2017). This flexibility can 
be seen 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 
can be created by adjusting electricity production or consumption, i.e., controlling power 
producing or consuming devices such as batteries, electric vehicles (EVs), heat pumps, etc.  
 
Flexibility offered as services 
Available flexibility can be offered as a service (i.e., a flexibility service) to the parties in power 
systems to solve the challenges they face. Generally, a flexibility service can be described as 
a service that ‘purposefully steers power-producing and or consuming devices (i.e., flexibility 
sources) to solve a problem or fulfill a specific need of a party in the electricity system’. By 
steering these flexibility sources in specific manners, various flexibility applications can be 
offered to solve the range of problems that parties in the electricity system face. These may 
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include ‘congestion prevention’, ‘frequency containment’, and ‘voltage control’ for system 
operators, ‘generation optimization’ for electricity producers, and ‘consumption 
optimization’ for prosumers (Eid et al., 2016; Olivella-Rosell et al., 2018; Schermeyer et al., 
2018). 

Generally, three main roles can be distinguished with flexibility services: the flexibility 
consumers, the flexibility suppliers, and the flexibility service providers. The flexibility consumers 
are parties such as the TSO, the DSOs, and the BRPs, who face challenges of balancing and 
congestion (Eid et al., 2016; van der Veen et al., 2018). The role of flexibility supplier is 
generally 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 were able to 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 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 challenges of balancing and congestion, e.g., arising from the 
use of RES (Burger et al., 2017; van der Veen et al., 2018). In doing so, the aggregator fills an 
intermediary networking role between the flexibility suppliers and the flexibility consumers 
(Burger et al., 2017; Weiller and Pollitt, 2013).  

The aggregator, acting in the role of flexibility service provider, is emerging in practice 
and is often assumed in the energy literature to fulfill an essential role in future power 
systems. However, this development does not necessarily exclude bilateral flexibility 
interactions between larger flexibility suppliers and flexibility consumers without 
aggregators in between. 
 
On-demand service platforms 
The aggregator, fulfilling the role of a flexibility service provider, can be labeled as an on-
demand service platform. On-demand service platforms are matchmaking organizations (Bai 
et al., 2018; Taylor, 2018) that bring together distinct customer groups and enable specific 
members of these customer groups to interact with each other (Hagiu and Wright, 2015; 
Parker et al., 2016; Stabell and Fjeldstad, 1998). In the case of aggregators (fulfilling the role 
of flexibility service provider), these distinct customer groups are the flexibility suppliers and 
the flexibility consumers. On-demand service platforms create value for customers on both 
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sides by acting as an intermediary that minimizes transaction costs (Benjaafar and Hu, 2020; 
Stabell and Fjeldstad, 1998). The role of an on-demand service platform is to facilitate these 
interactions by providing an infrastructure that simplifies matchmaking (Allon et al., 2012; 
Eisenmann et al., 2006; Hagiu and Wright, 2015; Ondrus et al., 2015). In the case of flexibility 
in power systems, the aggregator enables the often small flexibility suppliers to offer their 
flexibility potential, while simultaneously, by creating a critical mass, also ensuring its 
availability and reliability for flexibility consumers (Eid et al., 2016). Without their role, 
interactions between often small-scale flexibility suppliers and often large-scale flexibility 
consumers would probably not take place (Helms et al., 2016). 

The on-demand service platform type is on-demand in the sense that flexibility 
consumers desire immediate service supply upon request for a service and that they 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 on-demand 
supply is particularly 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. To offer 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). Obviously, flexibility suppliers may want some 
compensation for their willingness to provide flexibility. 
 
Management of on-demand service platforms 
Managing an on-demand service platform is challenging and requires specific service 
management practices (Hu, 2019; Taylor, 2018). These management practices are well known 
to companies like Uber, but may also apply to the specific case of aggregators offering 
flexibility services. However, we will argue below that these management practices in the 
context of aggregators offering flexibility services in power systems require specific insights 
into the concept of flexibility. 

On-demand service platforms are matchmaking services that enable specific members 
of the customer groups to interact with each other (Bai et al., 2018; Benjaafar and Hu, 2020; 
Taylor, 2018). To meet a certain demand, on-demand service platforms generally use 
independent suppliers affiliated to the platform (Hu, 2019; Taylor, 2018). For example, as an 
on-demand service platform, Uber crowdsources services from independent drivers to fulfill 
trip requests by riders as fast as possible. This also applies to aggregators in energy, who use 
independent flexibility suppliers to meet flexibility needs from flexibility consumers (van der 
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Veen et al., 2018). Note that, besides a fluctuating demand, the service platforms may also 
have to deal with fluctuations at the supply side (Hu, 2019; Taylor, 2018). Therefore, the 
success of a service platform lies in the ability to perfectly match the demand for a particular 
good or service with a supply (Gao et al., 2018). Even more challenging is the fact that this 
matching should happen in an on-demand fashion. For example, to compare, Uber customers 
are time-sensitive and do not want to wait long for a taxi ride. The energy context of flexibility 
services is even more critical, where failing to supply flexibility in time may result in serious 
power system problems and associated costs (Eid et al., 2016). Hence, operating an on-
demand service platform with 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 flexibility services, this stresses the importance of having a thorough 
understanding of the flexibility concept that enables to gain insights into the expected 
available and the required flexibility. The question arises how, for example, 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? 

Dynamic pricing of both platform customers and suppliers is the generally applied 
practice in on-demand service platforms to control or coordinate the platform's supply and 
demand side (Eisenmann et al., 2006; Sanchez-Cartas and Leon, 2018; Taylor, 2018). By setting 
the right wage (i.e., the compensation for the suppliers to get the right supply) and by 
charging the right price to the customers, both platform demand and supply could be 
managed and aligned with each other (Bai et al., 2018; Taylor, 2018). In doing so, a ride-
hailing business may use different pricing parameters, such as a cost per minute and per 
distance, which may vary by the moment and the location of drivers and customers. For the 
specific case of aggregators offering flexibility services, the question then arises what the 
potential pricing parameters of flexibility can be. 

While the previous issues focus on the operational management of on-demand service 
platforms, service platform businesses should also strategically manage their network of 
suppliers and consumers (Van Alstyne et al., 2016; Wan et al., 2017). Related to network 
effects and the openness of a platform, Ondrus et al. (2015) argue that on-demand service 
platforms require to have a certain critical mass before their services become attractive for 
participants to join. Suppose by design, a service platform only allows the participation of a 
small group of user types. In that case, there may be a risk that the platform market is too 
small to generate sufficient network effects to make the platform attractive (Boudreau, 2010). 
This can result in mismatches or not being able to supply on-demand. When this occurs and 
persists, chronic network imbalance may arise, and the business will severely suffer (Gao et 
al., 2018). As such, any service platform should strive to include as many interesting 
participants as possible to join the platform to increase the value offered (Ondrus et al., 2015). 
For the specific case of aggregators offering flexibility services, it may, therefore, be essential 
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to open the platform to flexibility suppliers with varying electrical devices that can provide 
flexibility (e.g., EVs, heat pumps, and industrial processes). Opening the platform to different 
kinds of electrical devices also requires the ability to steer different types of electrical devices 
technically. However, managing and aggregating different kind of flexibility devices also 
requires the ability to express the available flexibility of the different devices in the same 
terms. Otherwise, they cannot be related and added to each other and offered as an 
aggregated whole. 
 
This discussion of the on-demand service literature, with a reflection on the specific context 
of aggregators offering flexibility services, shows the importance of having detailed insights 
into the concept of energy flexibility for aggregators in offering flexibility services. This can 
support aggregators in their service operations, but also in the longer-term strategic 
development of a viable platform that is open to potentially interested parties and flexibility 
devices. Hence, it can be argued that a business conceptualization of the notion of energy 
flexibility should be able to: 

 Specify flexibility supply and flexibility demand in similar terms, allowing them to 
be matched. 

 Operationalize flexibility in measurable dimensions that allows to quantitatively 
add or subtract multiple ‘amounts’ of flexibility (i.e., to do basic algebra). This 
should enable to aggregate flexibility of multiple flexibility sources. 

 Specify the flexibility of different flexibility sources (i.e., different electrical devices 
such as EVs, heat pumps, and industrial processes) in similar terms. This should 
support the aggregation of different types of flexibility sources and create a ‘critical 
mass’. 

 Derive relevant pricing dimensions that can be used to control the demand for 
flexibility and the supply of flexibility by setting the right prices and wages. Further, 
this should also allow invoicing customers accordingly. 

 Establish contracts that can specify how much flexibility is guaranteed available for 
on-demand supply upon request. 

 

3.2.2 The concept of flexibility 
 
Flexibility in the operations and supply chain management literature 
Operations and supply chain management is concerned with matching supply with demand 
(Hu, 2019) (i.e., not necessarily in the context of energy), focusing, for example, on the 
management of internal processes of a manufacturing facility, or the inter-firm processes on 
the broader supply chain. In managing these processes, flexibility is generally considered as 
an important property that positively affects firm performance (Yu et al., 2015). Hence, in the 
OM literature and the SCM literature, flexibility is a well-established research topic (Yu et al., 
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2015; Tiwari et al., 2015). Therefore, this literature may provide interesting insights into the 
notion of flexibility applicable to the business context of flexibility services in power systems. 

The OM and SCM literature on flexibility is immense. In the OM literature, flexibility is 
generally associated with manufacturing flexibility (Stevenson and Spring, 2007), emerging 
in the 1980s with seminal work of Slack (1983; 1987), Gerwin (1987; 1993), and Upton (1995). 
The flexibility literature in SCM generally builds upon manufacturing flexibility in the OM 
literature and started in the 1990s with the seminal work of Vickery et al. (1999), Lummus et 
al. (2003), Duclos et al. (2003). More recently, various review papers have been published that 
bring together the vast amounts of papers published in these fields. For flexibility in OM 
literature, see Jain et al. (2013), Pérez-Pérez et al. (2016), and Pérez-Pérez et al. (2018). For 
flexibility in SCM literature, see Stevenson and Spring (2007), More and Babu (2009), and 
Tiwari et al. (2015). Or both fields combined, see Seebacher and Winkler (2013) and Yu et al. 
(2015). 

The concept of flexibility in OM and SCM is generally considered as a complex and 
multidimensional construct that is used in various application areas and at different inter- 
and intra-organizational levels (Duclos et al. 2003; Fitzgerald, 1990). As such, more than 50 
different types of flexibility have emerged already early in the literature (Sethi and Sethi, 
1990). However, the term is often loosely defined with different and frequently contradicting 
views (Fitzgerald et al., 2009; Tiwari et al., 2015). Generally, the definitions available propose 
that flexibility is an ability (Bolwijn and Kumpe, 1990) or capability (de Leeuw and Volberda, 
1996), which an organization possesses to change or react (Upton, 1995). 

Based on earlier work of Upton (1994), Slack (1987), and Swamidass and Newell (1987), 
Golden and Powel (2000) operationalize the notion of flexibility on four dimensions. These 
are: temporal (i.e., the time required to react), range (i.e., the potential responses that the 
organization possesses), intention (i.e., the adoption of defensive or offensive approaches), 
and focus (i.e., the application of internal or external measures). However, Golden and 
Powell (2000) argue that measuring the four dimensions can only take place in a situation-
specific context. This seems to be a general problem in the OM and SCM flexibility literature. 
According to Stevenson and Spring (2007), quantifying flexibility is difficult and existing 
measures are often criticized for being subjective and too situational as they lack generality 
(Gerwin, 1993; Koste et al., 2004). Hence, for that reason, the literature of flexibility in the 
specific context of power systems will also be reviewed to gain more detailed insights that 
may be useful for managing flexibility in the business context of flexibility services in 
electricity systems. 
 
The notion of flexibility in energy literature 
Energy literature proposes several definitions of flexibility. Ulbig and Andersson (2015) 
define flexibility as ‘the technical ability of a power system unit to modulate electrical power feed-in 
to the grid and/or power out-feed from the grid over time’. This definition focusses on individual 
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flexibility devices. However, the flexibility available in flexibility services is often an 
ensemble of multiple devices, which is not necessarily similar to a single device. Further, in 
this definition, flexibility is defined as a technical ability, which does not represent a business 
environment with independent actors: not only the technical ability is relevant, but also the 
willingness of actors to supply flexibility. Differing slightly, Eurelectric (2014) defines 
flexibility as ‘the modification of generation injection and/or consumption patterns in reaction to an 
external signal (price/activation) in order to provide a service within the energy system’. Of relevance 
here is the link between the modification of energy production and consumption and the 
provision of a service, which fits well with this study’s business perspective. Common to 
both definitions is the ability to control energy infeed (power supply) and outfeed 
(consumption), which is seen as a core aspect of flexibility. Eid et al. (2016) also make this 
point, arguing that flexibility in power systems modulates electricity generation (infeed) and 
electricity consumption (outfeed). Based on this literature, we conclude that flexibility in 
power systems can be specified by two generic forms: 

1) Infeed flexibility; the ability to increase or decrease the power fed into the grid. 
2) Outfeed flexibility; the ability to increase or decrease the power taken out of the grid. 

  
As one of the first papers to address the precise features of flexibility, Makarov et al. (2009) 
discuss four metrics to characterize flexibility in power systems. These are power, energy, 
ramp-rate, and ramp duration. Slightly differently, Lannoye et al. (2012) express the 
flexibility potential of a single resource by three features: ramp-rate, start-up time, and 
minimum stable output level relative to the maximum capacity. This first characteristic is 
similar to the ramp-rate proposed by Makarov et al. (2009). The second and third 
characteristics are, however, different and have more the nature of a constraint than a 
measurable dimension of flexibility. However, constraints on flexibility are also important in 
the business context of flexibility services and will be discussed in Section 3.5.2. Based on 
Makarov et al. (2009), Ulbig and Andersson (2015) characterize the flexibility of a single 
power device according to three dimensions: the power provision capability (kW), the ramp-
rate capability (kW/h) and the energy provision capability (kWh). They do not include ramp 
duration, as proposed by Makarov et al. (2009), since this is a direct result of the ramp-rate 
and power capacity. Additionally, they argue that the interactions among these three 
individual metrics exhibit so-called double integrator dynamics: i.e., energy is the integral of 
power, which in turn is the integral of ramp-rate. Although the focus in their study was on 
the technical characteristics of individual flexible electrical devices, these interrelated metrics 
are useful for this study since they specify flexibility at the operational level in quantitative 
terms. Lastly, Eid et al. (2016) discuss the technical abilities of electrical devices to provide 
flexibility service and state that flexibility can technically be described as a power adjustment 
occurring at a given moment, for a given duration, at a specific system location. It is further 
argued that conceptually, flexibility services may be characterized by five attributes. 
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However, any (empirical) grounding is not provided. The proposed flexibility attributes are; 
(1) direction, (2) electrical capacity in terms of power or energy, (3) temporal characteristics 
defined by starting time and duration, (4) activation time, and (5) location. The first attribute 
is in line with the two flexibility forms (infeed and outfeed). Attribute 2 corresponds with the 
metrics proposed by Makarov et al. (2009) and Ulbig and Andersson (2015) but is less 
precisely articulated. Attributes 3 and 4 relate to time, which Makarov et al. (2009) also saw 
as important. Finally, the location attribute was not mentioned earlier in this review but is 
certainly relevant and important: in particular, for congestion issues, the location is key, as it 
specifies where to use flexibility to solve congestion problems. 

To Summarize: flexibility gained attention in the energy literature, predominantly from 
an engineering perspective. The insights gained in this literature are interesting. However, 
the question remains whether technical characteristics only are sufficient to describe 
flexibility in a business context of on-demand service platforms. A context that is also 
determined by the users of devices and which requires insights into the availability of 
flexibility and the willingness of actors to provide flexibility. 
 
 

3.3 Methodology 
This study aims to conceptualize the notion of flexibility in the business context of 
aggregators offering flexibility services, to support their service management. To this end, 
this research adopts an explorative and qualitative research approach that builds on two 
steps. First, it starts with an exploratory case study (Benbasat et al., 1987; Yin, 2009) on an 
aggregator offering flexibility services in power systems. This 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, (i.e., to understand 
the context where flexibility is used). Subsequently, domain experts are interviewed to gain 
more insights into the concept of energy flexibility. Interviewing experts support the aim of 
developing a generally applicable conceptualization. Further, this step also prevents that the 
conceptualization is focused too much on the particularities of the studied case. 

As we aim to study and conceptualize the notion of flexibility for flexibility service 
management, qualitative observations of an aggregator offering flexibility services is a well-
suited approach for this study. More precisely, an exploratory single case study is adopted, 
given that the notion of energy flexibility has been little studied in the business context of 
services. This methodology 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). The case study methodology is well suited 
to such situations because it enables the study of a poorly understood phenomenon (i.e., 
energy flexibility) in its natural setting (i.e., an aggregator providing flexibility services).  In 
doing so, it supports gaining a relatively full understanding of a phenomenon's nature and 
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complexity (Benbasat et al., 1987; Voss et al., 2002). The case study aims to understand the 
role of the flexibility concept in the business context of an aggregator, as input for the 
conceptualization of the flexibility notion. To achieve this, gaining in-depth insights into the 
case is most important. The single case study is particularly suited to get a deeper 
understanding of the exploring subject compared to a multiple case study (Dyer and Wilkins, 
1991; Yin, 2009). 
 

3.3.1 Case selection 
This study analyses data from an in-depth single-case study, focusing on an aggregator that 
uses the available flexibility inherent in charging multiple electrical vehicles (EVs). To select 
an appropriate case, first, a list of potential aggregators active in the Netherlands was created. 
Then, out of this list, the selected case was chosen for the following reasons. First, smart 
charging of EVs is expected to become an important flexibility source in the future, providing 
a significant amount of flexibility (Pavic et al., 2015; Schmidt et al., 2015). In that sense, this 
case of smart charging EVs is a common case and illustrative for many others. This approach 
is in line with Yin (2009), who argues that the single case study approach is an appropriate 
design when the focus is on a common case. Second, the case of smart charging EVs is 
currently one of the most mature cases that uses small scale and distributed flexibility 
sources. This makes this case interesting to focus on. Many other cases aggregating 
distributed flexibility sources are still in controlled test environments, focusing mainly on 
technological usability. Therefore, these are less interesting for a service management 
perspective as adopted by this study. 
 

3.3.2 Case study data collection 
The main form of data collection for the case study was through interviews with managers 
of the case. The interviewees were selected on their position in the company, their experience, 
and their knowledge regarding the research topic. The selection of interviewees was made in 
consultation with the contact person of the case. In total, four managers have been 
interviewed in-depth (Table 1), with each interview ranging between 50 and 90 minutes. The 
interviews were all conducted by the first author. Multiple visits to the case company were 
required to interview all selected interviewees. With permission from the interviewees, all 
interviews were recorded and fully transcribed. The interview notes and transcripts 
amounted to 148 pages of written documentation. Further, all the transcribed interviews 
were cross-checked by the interviewees to ensure the reliability of the data.  

The data collection was guided by an interview protocol, which included a semi-
structured questionnaire (Appendix 2). In general, there was a theoretical underpinning for 
the questions in the protocol. Based on the literature, potentially important concepts were 
specified a priori and included in the questionnaire. These included concepts focused, for 
example, on the notion of flexibility and the management practices related to on-demand 
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service platforms. According to Eisenhardt (1989), this a priori specification allows them to 
be studied more accurately and provides firmer empirical grounding for the emergent theory 
when the constructs seem to be significant. In addition to the interviews, other sources of 
data were also gathered. Relevant additional data sources were the TSO's official product 
specification documents (i.e., the flexibility consumer of the aggregator in this case). These 
documents provided detailed insights into the requirements set for any party providing 
flexibility (in this case, this was the specific supply of automatic Frequency Restoration 
Reserve (aFRR)). Using these documents helped to gain a better and detailed understanding 
of the services offered by the case to the TSO. These documents have been used in the data 
analysis as documentary input. Further, other company documents such as company 
presentation slides were also gathered. The insights gained by these data sources are also 
used to triangulate the interview data to mitigate biases on the part of the interviewees. In 
the end, this triangulation aimed to enhance the reliability and validity of the study 
(Eisenhardt, 1989; Voss et al., 2002; Yin, 2009). 
 

3.3.3 Case study data analysis 
Data analysis started with open coding of the interviews and the documentary input, 
corresponding to the methodology proposed by Gioia et al. (2013). To be as unconstrained as 
possible, open coding was done without having any preliminary insights into the notion of 
flexibility at hand. The codes that emerged were subsequently grouped according to the 
attributes of flexibility and the management practices of aggregators offering flexibility 
services. The lead author did all open coding of the interviews. Then, the outcome of the 
coding was discussed with the other authors involved, until a consensus regarding the 
appropriate code was reached. This open coding was followed by axial coding (Strauss and 
Corbin, 1998). This axial coding enabled linking the variety of codes from the open coding 
into related themes, who were subsequently grouped into more aggregate dimensions. 
Appendix 3.1 shows how the different concepts that emerged relate to the data (i.e., the 
transcribed interview quotes). The lead author also performed the axial coding. Again, all 
steps in the coding process were discussed in work sessions with the other authors, and 
differing insights were discussed until consensus was reached. On purpose, these authors 
have not been involved in this coding process. 

Based on the gathered data, a case report has been written that provides a rather factual 
description of the events (i.e., the service management practices) taking place in the case 
(Section 3.4). This rather factional description has been added to precisely present what has 
happened in the case, without any interpretations and perceptions made by the researchers. 
Detailed results of the case study interviews can be found in Appendix 3.1. Subsequently, the 
case study results are used as a starting point for the conceptualization of the notion of 
flexibility in the business context of services. The development of this conceptualization is 
support by interviews with domain experts. 
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3.3.4 Expert interviews: Data collection and analysis  
Besides doing case studies, multiple interviews are held with domain experts in the field of 
energy flexibility and flexibility services (Table 1). These interviews helped to gain detailed 
insights into the flexibility concept and to develop a generally applicable conceptualization 
of flexibility in power systems. Besides expert interviews, other data sources were also 
gathered, such as various official product/services specifications of the TSO (i.e., FCR, mFRR, 
and congestion services). Using these documents helped to gain a detailed understanding of 
the requirements (in terms of flexibility) set for parties that provide flexibility. Similarly, as 
in the case study, these documents have been used in the data analysis as documentary input. 

Experts were selected on the base of their knowledge on the topic. On purpose, experts 
working on the topic from different perspectives have been selected (e.g., DSOs and energy 
retailers as potential flexibility consumers, but also other aggregators and potential suppliers 
of flexibility). The expert interviews are based on open discussions and semi-structured 
questionnaires, focusing on the interviewees’ expertise concerning flexibility and flexibility 
services. Intermediate results on the conceptualization, based on literature, the case study 
results, and interviews already conducted were added to the interview protocol for 
upcoming expert interviews. In this way, a more abductive approach has been used, in which 
continuous updating an interview protocol with new insights is a key aspect.   

 Similar to the case study, the expert interview data were analyzed by both open and 
axial coding. However, where coding in the case study focused on the aggregator's service 
management practices, coding of the expert interviews was focused purely on the concept of 
flexibility. Appendix 3.2 shows how the different concepts that emerged relate to the 
gathered data. We stopped doing expert interviews when we reached the point of 
understanding the phenomenon, developed the right concepts to describe it, and had 
consensus with the industry experts. Section 3.5 describes this conceptualization, which is 
based upon the case study, the data from the expert interviews, and the interpretation of 
these results by the researchers. Key quotes from the gathered data are presented in this 
section and aim to relate the conceptualization to the data.  
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Data source Interviewee/document Reference Company description 
Case study 
interviews 

1) Product manager & 2) Program manager 
energy services 

CSI.1 Aggregator EVs 

3) Project leader CSI.2 Aggregator EVs 
4) Head of big data CSI.3 Aggregator EVs 
5) Project manager CSI.4 Aggregator EVs 

Expert 
interviews 

6) Senior manager market and regulations EI.5  DSO 
7) Senior manager market and regulations EI.6 DSO 
8) Program manager EI.7 DSO 
9) Project manager EI.8 Aggregator 
10) Co-founder and management team EI.9 Aggregator 
11) Product development manager EI.10 Energy company/ retailer 
12) Business development manager EI.11 Energy storage company 
13) Senior manager transport & 14) Senior 

manager gas services 
EI.12 TSO gas 

15) Business analyst EI.13 Aggregator 
Documents 16) Product specification FCR D.14 TSO electricity 

17) Product specification aFRR D.15 TSO electricity 
18) Product specification mFRR D.16 TSO electricity 
19) Product specifications congestion 

management 
D.17 TSO electricity 

Table 1|  Overv iew of data collection.  
 
 

3.4 Results: Case study on aggregator offering flexibility services 
This section provides a factual description of the case studied. Appendix 3.1 provides an 
overview of the gathered data and the concepts that emerged. This case concerns a Dutch 
energy retailer and EV charge point operator who acts as a Flexibility Service Provider by 
aggregating the flexibility available through smart charging of multiple EVs. This available 
flexibility is used to offer automated Frequency Regulation Reserve (aFRR) to the Dutch TSO. 
The description focuses on the supply and consumption sides of flexibility and the flexibility 
service management processes involved for the aggregator. 
 

3.4.1 The flexibility aggregator as on-demand service platform  
Figure 1 visualizes the case, where the aggregator operates as an on-demand service platform 
linking the flexibility supply side with the flexibility consumption side. As one interviewee 
argues: “We act as a kind of intermediary between our customer, the TSO, on the one side having a 
need for flexibility and our customers on the other side where we control energy consumption”. […] 
“It is our task to translate the flexibility request from the TSO to changes in energy consumption by 
our flexibility suppliers” (CSI.1). The aggregator's key challenge is to determine how the 
available flexibility should be deployed and aggregated to meet the specific flexibility 
demand. Based on continuous information streams from both the consumers and the 
suppliers of flexibility (e.g., on required flexibility and available flexibility), the aggregator 
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determines how to deploy the available flexibility. Subsequently, the aggregator sends 
control signals to the flexibility suppliers to modulate the infeed and outfeed of their 
flexibility devices according to flexibility demand. The providers and consumers of flexibility 
are physically linked through the electricity grid, where the flexibility devices are deployed. 
Before describing the service management processes involved, the flexibility consumption 
side and the flexibility supply side will be described first. 
 

 
Figure 1|  The aggregator offering f lex ib i l i ty  services  as  an on-demand serv ice platform.  

 

3.4.2 Flexibility Consumption Side 
The flexibility consumer, in this case the TSO, uses aFRR to maintain a power system balance 
by immediately correcting any imbalances that may occur. To acquire flexibility, the TSO 
operates a market. The market for aFRR is well established with clear rules and technical 
requirements set by the TSO. Parties that can comply with these requirements are allowed to 
offer flexibility bids. The TSO requests flexibility bids for one or more specific Program Time 
Units (PTUs), which are fifteen-minute timeslots, representing the available period of the 
flexibility service offers. In terms of flexibility form, bids can cover both infeed and outfeed 
flexibility. In terms of the physical features, the TSO requests a minimum power-rate of 4MW 
(increase and/or decrease), a ramp-rate of 7% of offered power-rate per minute (with a 
response within 30 seconds), and a duration of at least 15 minutes. As aFRR is a balancing 
service, location is not relevant as long as it is connected. The TSO has the right, but no 
obligation, to deploy the offered bids. 
 

3.4.3 Flexibility Supply Side 
In describing the provisioning side of flexibility, both the flexibility devices and the actors 
involved are discussed. In terms of flexibility devices, both the EV battery and the charge 
station influence the flexibility capabilities (Figure 2). The technology in the charging stations 
allows the charging to be turned on and off by the aggregator, such that the flexibility form 
available is feed-out flexibility. Further, the related ramp-rates and power provision 
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capability (physical features) vary from charging session to charging session depending on 
the particular charge station and EV. 

Turning to the actors involved, both the EV owner (often a leasing company) and the 
driver need to be considered, as both can influence the available flexibility. Generally, the EV 
owner determines if an EV can be used for flexibility purposes. Further, the EV driver decides 
when to connect and when to disconnect the EV, determining the available time. In addition, 
the driver also influences the energy provision capability (physical features), established 
from the difference between the battery level when connecting and the required level at the 
intended moment of disconnecting. This, naturally, has to be within the boundaries of the 
EV’s battery. Location is also determined by the driver and can vary by charge session. 
 

 
Figure 2|  Relat ionships between actors and flex ib i l i ty  devices and the f lex ib i l i ty  

capabil it ies.  
 

3.4.4 The flexibility service management process 
Before delivering a service, the aggregator first had to comply with the TSO’s technical 
requirements. After establishing a sufficiently large pool of potential flexibility suppliers and 
complying with the other requirements set, aFRR service provisioning started. “When the 
flexibility assets are registered and accepted by the TSO, they can be used in a bid” (CSI.3). 

During service operations, the process starts with EV drivers connecting to a charging 
station operated by the aggregator. When connecting, drivers communicate the required 
minimum battery level and the expected time of leaving. Besides, they allow the aggregator 
to use the charging capacity available for bidding an aFRR bid and to deploy it when 
necessary. “Customers connect their car and we can detect that they are charging. When they click 
upon their app, we are allowed to allocate the capacity of the charging processes of the car as part of 
our flexibility offer to the TSO” (CSI.2). This information, together with the technical 
characteristics of the EV and the charge station, serve as inputs to models that determine each 
provider’s available flexibility, which is then continuously monitored. Based on the available 
flexibility of the multiple EVs, flexibility bids are offered (for at least four PTUs in advance) 
to the TSO. “A bid is based on our pool of EVs. When bidding, we consider the preferences of our 
customers, their regular charging behavior, how much and how fast it is charging, the amount to 
charge, how much flex to give us, etc. We compose all this information into a forecast of our flex 
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capacity. And if we have enough, we make a bid for a specific PTU (Program time unit) up and till 
gate closure time” (CSI.3). 

Generally, this aggregator provides ‘upward reserve’, which involves pausing the 
charging of individual EVs to decrease the aggregated outfeed of the grid. As such, only EVs 
being charged can be used. The actual amount will vary from bid to bid, depending on the 
available flexibility. When placing a bid, the aggregator is contractually guaranteeing the 
ability to supply the amount offered. However, as drivers can leave earlier than indicated, 
the aggregator lacks complete certainty regarding the available flexibility. Therefore, bids 
encompass a safety margin (i.e., the amount of flexibility offered requires fewer EVs than are 
allocated). “Technical issues may happen. Further, customers can plug out and we don’t want to 
disrupt the user experience. So, at any time, EVs can go blank and disappear, which is part of the risk. 
Flexibility also means that it is not always 100% reliable. So, you have to put in place strategies to 
accommodate this reduced reliability.” […] “We take several precautions to ensure we always have 
sufficient capacity to supply our bid”. […] “For example, to over-allocate cars in a bid. […] In the app, 
the users tell us the expected time of leaving. This is input for our models that predict the length of a 
charging session and the available flexibility for a car.” […] “Further, there are algorithms in place 
that, depending on several parameters, determine which cars are more suitable for specific bids and 
how to use them. There is a lot of data science in there” (CSI.2) 

After placing a bid, the aggregator receives confirmation that the bid has been 
‘nominated’. The TSO places all nominated bids on a bid ladder, ordered by price. Bids are 
then activated in this order until demand of the TSO meets supply. On being selected, the 
aggregator receives an activation signal at the beginning of the PTU with the required power 
setpoints (MW). These setpoints indicate how much power to consume during the PTUs, 
taking the bid's maximum power and ramp-rate into account. Based on these set points, the 
aggregator subsequently schedules and deploys the available EVs to provide the required 
flexibility. The main goal in deploying the available flexibility is to maximize the available 
amount of flexibility without downgrading the drivers’ charging experience. “When set points 
are received, actual cars are being selected to provide the flexibility. Cars are selected with the aim to 
maximize the available capacity but without disrupting the user experience of EVs users. The specifics 
of the algorithms are, of course, confidential” (CSI.2). 

The process ends when the PTU expires, whether the flexibility is used or not. When 
aFRR is provided, the TSO compensates the aggregator for the energy (MWh) provided 
according to the market price in the PTU(s). After subtracting a profit margin, the aggregator 
compensates the EV users that provided the sold flexibility in proportion to the amount of 
energy (flexibility) delivered in each PTU. This process repeats itself with new bids being 
placed for the upcoming periods. “Based on what we earn per PTU, we subtract a profit margin. 
Then remaining is proportionally divided among all drivers participating in the bid. We want this to 
be transparent. We want to show the EV driver the charging pattern of his car and the money he earned 
during charging to give an incentive to join this service” (CSI.2). 
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Besides using EVs, research is going on to use other flexibility devices in the future, such as 
energy storage and heating systems. Further, the case company aims to expand the type of 
services offered. “Openness is very important for our platform, especially the concept of open IPAs. 
Our competitive advantage is really on our platform side. So, what kind of services can we easily offer 
and integrate with our existing services? That is something we strongly believe in. Therefore, we are 
looking at what potential is out in the market.” […] “From day one, it was very clear to us that EVs 
were just the beginning and that this will be expanded to other assets and other services” (CSI.3). 
 

3.4.5 Reflection 
The case aggregator manages an on-demand service platform, fulfilling a matching service 
by linking multiple flexibility providers to a consumer of flexibility. Offering flexibility as a 
service is about providing the desired amount of flexibility at the right time, at the right place, 
within upfront agreed boundaries. Consequently, aggregators have to ensure that flexibility 
is available and can be utilized whenever needed by guaranteeing its availability. In the case, 
this guarantee was specified in the form of specific flexibility bids, which also function as 
service contracts.  

To match demand for flexibility with supply of flexibility, a form of ‘tactical’ 
matchmaking (i.e., the process of offering flexibility bids) and ‘operational’ matchmaking 
(i.e., the actual steering of EV charging, based on received setpoints) is used. Both forms of 
matchmaking involve active coordination of the flexibility supply and demand sides. The on-
demand service management literature often discusses dynamic pricing as a way to 
operationally control and match both demand and supply of an on-demand service platform. 
This technique, however, is not actively used in this case (but might be useful in the future, 
especially at the supply side of flexibility). Instead, to ensure guaranteed on-demand supply, 
different techniques are used, such as advanced forecasting algorithms, over-allocation of 
flexibility resources to a bid, and specific optimization algorithms in the actual deployment 
of flexibility sources that maximize the availability of flexibility. Using such techniques are 
supported by quantitative insights into the supply of flexibility. On a more strategic level, 
the openness of the platform is deliberately managed to open up the platform for other types 
of flexibility devices and to offer additional flexibility services. From a flexibility perspective, 
this will be supported by a flexibility conceptualization that applies to different flexibility 
devices at the supply side and flexibility services at the demand side. 

Hence, to conclude, 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. 
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3.5 Analysis and interpretation: Conceptualizing flexibility and flexibility 
services 

This section discusses the conceptualization of flexibility and flexibility services in power 
systems and builds on the insights of the gathered data from the case study and the expert 
interviews. The emphasis is on conceptualizing flexibility in the business context of flexibility 
services, discussing the flexibility supply side and the flexibility consumption side in detail in 
Section 3.5.2 and 3.5.3, respectively. Appendix 3.2 provides an overview of the data and the 
emerged concepts. Further, key quotes from the gathered data are presented in this section 
to relate the conceptualization to the gathered data. 
 

3.5.1 Flexibility in the context of services 
The first step in conceptualizing flexibility services is to define the notion of flexibility in 
power systems. Based on the literature and the case study and expert interviews, we define 
flexibility in flexibility services as ‘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 case study's 
insights, it is important to note that, for the aggregator, flexibility is purely an ability to steer 
infeed and outfeed. However, for flexibility suppliers, it is not only their technical ability but 
also their willingness. As one interviewee states: “For us, as aggregator, it is very important to 
get EV-owners willing to provide flexibility” (CSI.1). Based on this rationale, the characteristics 
proposed to specify flexibility, as a measurable and manageable concept, are presented in 
Table 3. 
 

Flexibility characteristics  
1) Flexibility form - Infeed flexibility or Outfeed flexibility 
2) Physical features 
 

- Power provision capability          (kW) 
- Ramp-rate (up/down) capability     (kW/h) 
- Energy provision capability         (kWh) 

3) Available time - Start time availability 
- End time availability 

4) Location - The physical location in the grid 

Table 3|  F lexibi l i ty  characteristics.  
 

3.5.2 Flexibility Supply Side 
An aggregator’s overall available flexibility results from the accumulation of offerings from 
multiple independent and geographically dispersed flexibility suppliers, as is seen in the case 
study. Therefore, the flexibility supply-side should be viewed as an accumulation of 
individual flexibility suppliers, where the characteristics of this aggregated flexibility are the 
ensemble of the characteristics of the individual flexibility suppliers.  
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Flexibility devices and generic flexibility sources 
Flexibility is created by flexibility devices, which are energy-consuming or producing 
devices. Each flexibility device has its own characteristics and peculiarities concerning the 
flexibility it can supply. As an example, some flexibility devices can supply steep feed-in 
ramp-rates, while others can offer large outflow volumes. However, the flexibility offered by 
the individual flexibility suppliers is shaped not only by the technological characteristics of 
the devices used but also by the actors using and owning them (visualized in Figure 3). As 
one interviewee states: “The flexibility we can offer as an aggregator is not only determined by the 
technical characteristics of the flexibility devices of our suppliers but also what the supplier involved 
is willing to” (EI.9). These can involve multiple actors, as one interviewee argues: “In the case 
of EVs, but also heat pumps, often multiple parties are involved, such as the drivers/users and the 
owner (lease company), with both having different requirements and wishes that need to be taken into 
account and affect flexibility potential” (CSI.1). 
 

 
Figure 3|  Detai l ing a  f lex ib i l ity  supplier .  

 
The energy literature highlights four flexibility sources: storage, demand side management 
(DSM), supply side management (SSM), and conversion (Denholm and Hand, 2011; Lund et 
al., 2015; Ulbig and Andersson, 2015). Flexibility devices can be denoted as belonging to one 
of these categories. However, the existing energy engineering literature (e.g., Lund et al., 
2015) predominantly describes flexibility sources in terms of their physical processes, and 
not in flexibility-related business terms (i.e., flexibility form and their physical features). In 
describing flexibility sources in terms of their physical processes, the relation with flexibility 
services is often ambiguous: speaking of storage, DSM, SSM, or conversion in physical terms 
is not the same as in flexibility business terms. As an example, consider the use of EV batteries 
as flexibility devices, as in the case of Section 3.4. From an engineering perspective, using this 
flexibility can be described in terms of energy conversion and storage. From a business 
perspective, however, this flexibility source is a form of DSM since only the electricity feed 
from the grid to the battery can be controlled. If the batteries can also discharge, this source 
transforms from DSM to energy storage. 
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To distinguish the flexibility sources in a conceptually sound way for business purposes, we 
propose adopting the perspective of the grid to which electricity is fed in and/or taken out. 
On this basis, the four flexibility sources are defined presented in Table 4. 
 

Flex source Flexibility form Explanation 
Storage Feed-in flexibility and Feed-out 

flexibility 
The ability to modulate power fed by the grid, and as well 
as to modulate power fed to the grid with the energy 
stored 

DSM Feed-out flexibility The ability to modulate power extracted from the grid 
only 

SSM Feed-in flexibility The ability to modulate power fed into the grid only 
Conversion Only Feed-in flexibility or only 

Feed-out flexibility 
Feed-in or Feed-out depends on the technology used. 
E.g., in the case of Power to Gas; the ability to 
simultaneously modulate outfeed from the electricity 
grid and the feed-in to the gas grid 

Table 4|  Conceptualizat ion of f lex ib i l i ty  sources.  
 
Flexibility as manageable flex-packages 
As one interviewee states: “To specify the supply of flexibility, it is important to consider the 
requirements set by the flexibility consumer. For balancing purposes, this is the TSO in the 
Netherlands. Important aspects here are the contracted available power capacity in MW and the ramp-
rates in MW/h. The latter describes how fast a flexibility supplier can reach the required power rate. 
Further, also the duration of a certain power supply is of importance” (EI.11). To support the 
deployment of flexibility in flexibility services, we define the output of a flexibility supplier 
(i.e., its available flexibility) in terms of discrete ‘flex-packages’ that can be traded and 
consumed as a single unit, much like any other ‘good’. A flex-package is defined and 
specified by the four flexibility characteristics: (1) the Flexibility form, specifying whether a 
flex-package supplies infeed or outfeed flexibility (e.g., the case of Section 3.4 only provide 
outfeed flexibility); (2) its Physical features, determining the actual amount of flexibility 
available, specified in kW, kWh and kW/h; (3) the Available time, stipulating the availability 
of a flex-package, specified by a start time when it becomes available and an end time when 
the availability ends (e.g., when an EV driver connects with a charging station and sets the 
expected time of leaving); and (4) Location, specifying where a flexibility device is located in 
the grid since flexibility demand might be location-dependent. Figure 4 visualizes a flex-
package.  
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Figure 4|  V isualizat ion of a f lex-package as a tradable  unit.  

 
Constraints on availability and available flexibility  
The availability of a flex-package and the amount of flexibility available are determined by 
constraints. These could be ‘technical constraints’ associated with the specific flexibility 
devices. However, these could also be ‘comfort or business constraints’ set by the actors 
(households or companies) using or owning the flexibility devices for their primary purpose. 
As one interviewee argues: “Constraints are a very important variable in providing flexibility, 
especially since they drive the business case for an aggregator. […] Different types of devices have 
different sets of constraints. Storage is ideal for flexibility, as there are very few constraints involved 
and mostly of only technical nature. They just need to store energy and don’t do anything else 
compared to, for example, EVs or heat pumps. These have a main other purpose, and as an aggregator 
you don’t want to disrupt the user experiences and the comfort of the user” (CSI.2). The boundaries 
on flexibility set by technical constraints are fixed, whereas the boundaries set by comfort or 
business constraints of the actors involved can be ‘changeable’. That is, aggregators might be 
able to soften them by financially (or otherwise) incentivizing the actors involved. 

The available amount of flexibility is bounded by constraints determined by the physical 
features of the flexibility device. Some constraints are directly linked to one of these features 
(such as the maximum energy capacity of a storage device). Other constraints are time-
related and also constrain the available flexibility in the physical features due to their double 
integrator dynamics (e.g., a constraint dictating that a storage device can only run for a 
limited amount of time can also bound the energy supply and/or the ramp-rate capabilities). 
Constraints on the physical features of a flexibility device may offer some variation (i.e., 
ranging between a minimum and maximum) or be a fixed value. As an example, some 
flexibility devices (such as a battery) can have minimum and maximum charging (power 
feed-out) rates. In contrast, other devices may have a fixed power-rate (such as a washing 
machine). This may apply to any of the physical features. 

The availability of flexibility is bounded by constraints on the available time, i.e., by a start 
time and an end time, as is seen in the case of EVs in Section 3.4. These constraints can also 
bound the available amount of flexibility in the physical features of a flex-package. As stated 
by an interviewee: “Not every flexibility device is always available to provide flexibility. Electric 
vehicles are only available when they are connected to a charging station. But also, other devices are 
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not always available. Think, for example, about an industrial cooling house that requires maintenance 
or a heat pump in the summer” (EI.5). 
 
Finiteness of a Flex-package 
The availability and the amount available from a flex-package are both limited (as described 
above) and can decrease or fall to zero due to time and consumption of flexibility. As one 
interviewee argues: “Of course, an EV or stand-alone battery cannot provide unlimited flexibility. 
When the available flexibility is being used, the amounts available will diminish. The example of an 
EV being charged clearly illustrates this. When the battery is full, no flexibility can be provided 
anymore” (EI.8). As flexibility is consumed, the amount available reduces, and the physical 
features of a flex-package change. As an example, when the EVs described in Section 3.4 
provide outfeed flexibility, the storage level increases, and the potential amount of flexibility 
available decreases. Apart from consumption, the amount of flexibility available can also 
decrease or fall to zero, even if none of the flexibility has been consumed, due to the 
availability period ending (e.g., when a car disconnects). 
 

3.5.3 Flexibility Consumption Side 
Flexibility is requested by various parties in the electricity system to resolve problems or 
better manage their physical infrastructure. Diverse flexibility applications are available to 
address these problems (Eid et al., 2016; van der Veen et al., 2018), all requiring the available 
flexibility devices to be deployed in different manners by the aggregator. Although the 
variety in flexibility applications is high (and with this the options in deploying flexibility 
devices), the actual demand for flexibility can still be expressed in a few generic terms, as 
also seen in the case study of Section 3.4. To match demand for flexibility with its supply 
(thereby facilitating trade), a similar set-up is used to characterize flexibility demand, as is 
applied in the supply of flexibility. 
 
Flexibility demand side characteristics 
 

1) Flexibility form 
The flexibility form specifies the primary type of flexibility needed. This is either infeed or 
outfeed flexibility and, in that way, similar to flexibility form at the supply side: “mFRR 
scheduled activation works in two directions: supply to the grid (upward regulation) and withdrawing 
(consuming) from the grid (downward regulation). Note that upward regulation can be achieved by 
producing more electricity or consuming less. The reverse applies for downward regulation, which can 
be achieved by producing less electricity or withdrawing/consuming more electricity from the grid” 
(D.16). 
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2) Physical features 
The physical features determine the actual amount of flexibility required. A distinction 
should be made here between the required flexibility in the planning phase of collecting bids 
(input for tactical matchmaking of aggregators) and the operational phase of sending 
activation set points (input for operational matchmaking). For receiving bids, the product 
specifications usually specify flexibility by a required power-rate (kW), and often a required 
ramp-rate (kW/h), and required power duration (h) or energy volume (kWh). Operationally, 
when sending activation setpoint, flexibility is usually specified as an actually required 
power-rate (kW), and further detailed with a maximum time to reach that power rate (i.e., 
the ramp rate) and a required duration (h) until a new setpoint is provided. “An individual 
aFRR bid has a minimum size of 4 MW and a maximum size of 200 MW.” […] “The TSO system 
constantly sends so-called delta setpoints to all connected aFRR suppliers. A delta setpoint to activate 
power will never exceed the total nominated power value, and the average change in setpoints will not 
exceed the specified ramp rate of the activated bids. It must be possible to control the aFRR bids up or 
down by at least 7% of the bid volume per minute. This minimum ramp rate is necessary to assure 
that larger imbalances can be eliminated within 15 minutes” (D.15). 
 

3) Available time 
The available time specifies the period in which flexibility may be requested and should thus 
be available. As the case study results show, actual flexibility demand is often rather 
unpredictable and fluctuates over time. Consequently, flexibility consumers require an 
assurance that within agreed boundaries (in terms of the physical features), sufficient 
flexibility is available on-demand to the aggregator to meet the actual flexibility demand 
when requested. The period in which this availability is guaranteed is specified as the 
available time, with clear start and end times. Usually, this is specified by the PTUs (the 15 
min. periods) of the bid. 

For some services, like with FCR, the product specifications specify a ‘recovery time’. 
This recovery time indicates the maximum time a flexibility supplier has to recover from 
flexibility supply (i.e., when flexibility is only limited or unavailable for supply). “Technical 
units or pool units with limited energy must be able to continuously supply the full quantity of 
primary reserve awarded/contracted for a period of not less than 30 minutes, or to supply partial 
delivery for a proportionately longer period in the event. After this half hour (or proportionately longer 
period), the limited unit must have the energy fully available again as soon as possible, but at the most 
within 2 hours” (D.14). 
  

4) Location 
The location specifies where the flexibility is required in the grid. This is, for example, relevant 
for dealing with congestion in power infrastructure, which is always location-specific. “For 
congestion services, the grid object location should be specified by an EAN code. This location is the 



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: 85PDF page: 85PDF page: 85PDF page: 85

 

 85 

 

point or collection of points in the high voltage grid where capacity is made available. This point has 
one owner or operator” (D.17). 
 
Requirements on flexibility supply 
Often, requirements with restrictions are set on the supply of flexibility. These restrictions 
relate to the characteristics of flexibility described above, such as a required flexibility form, 
a minimum required bid size (in terms of the physical features) or a minimum required 
duration of supply, and a minimum required available time. “For FCR, offered flexibility should 
be available for at least 1 week with at least 1MW upwards and downwards” (D.14). “For congestion 
services, the delivery period, the minimum number of consecutive Imbalance Settlement Periods (ISPs) 
in which activation is possible is greater than or equal to 4 ISPs (one ISP is 15 min)” (D.17). 
 
Gate closure time 
Often, flexibility bids for a certain PTU have to be provided before a ‘gate close time’. “For 
aFRR, bids need to be placed at least one hour upfront. The gate closure time to place an aFRR bid is 
4 PTU, which is one hour” (CSI.2). “Bids for congestion services can be submitted from 7 days prior 
to the day of delivery. On the day of preparation (D-1), bids can be submitted until 14:45 hours and 
after the time of approval” (D.17). A longer time between gate closure and possible activation 
of a bid requires better forecasting capabilities for aggregators to assess their potential 
available flexibility. 
 
 

3.6 Discussion 
 

3.6.1 Theoretical contributions 
This study explores the concept of flexibility in the business context of aggregators and 
contributes with new empirical insights into the flexibility concept. This section discusses the 
main theoretical contributions by answering the following research questions: (RQ3) How 
can the notion of flexibility be conceptualized to support the management of on-demand flexibility 
service platforms in power systems? 
 
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 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. 
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In a business context, flexibility is studied frequently in the operations management (OM) 
and supply chain management (SCM) literature. However, the insights provided by these 
literature streams often tend to remain rather abstract and qualitative. Further, the more 
detailed and quantitative insights into flexibility are often criticized as being too context-
specific (Golden and Powell, 2000; Stevenson and Spring, 2007). This made it rather difficult 
to translate 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 (e.g., Alizadeh et al., 2016; Fischer et al., 2017; 
Hurtado et al., 2017; Ulbig and Andersson, 2015) and to lesser degrees also in the more 
economic literature (e.g., Eid et al., 2016). So far, flexibility had not been studied in the 
business context of flexibility service management. Nevertheless, although the extant energy 
flexibility literature generally reflects a rather technical approach towards managing power 
system infrastructure with flexibility, the insights provided here are useful for the business 
context of managing flexibility in flexibility services. 

Based on academic literature (i.e., energy flexibility and on-demand service platforms), 
a case study, and expert interviews, this study's key contribution is the conceptualization of 
flexibility as a tradable good. This conceptualization supports the management of flexibility 
in the business context of aggregators functioning as on-demand service platforms. First, 
flexibility is defined in the context of flexibility services as ‘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’. Subsequently, 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 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 for the reason 
that users of flexibility devices need to be incentivized to provide flexibility. Besides, the 
conceptualization also sheds light on the finiteness of flexibility (i.e., as a flex-package), and 
the influence of flexibility consumption and time on the amount of flexibility available, if any. 
Further, where 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 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. 
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3.6.2 Generalizability to other energy commodities 
The flexibility conceptualization proposed in this study focuses on the management of 
flexibility services by aggregators in electricity systems. Nevertheless, the proposed 
conceptualization can be applied to other energy domains such as natural gas, hydrogen, and 
heat by making only small modifications to the physical features of flexibility.  

While the conceptualization of flexibility may easily be modified to a different 
commodity by changing the physical features, it is essential to consider that the flexibility 
business context might be different in other energy commodities. As an example, different 
energy domains (e.g., gas or heat systems) may experience different problems compared to 
the electricity context; keeping a gas grid in balance does not happen in seconds but in hours. 
This may lead to different requirements by the TSO. This may also require deploying 
flexibility in different ways. Further, the business context (i.e., in terms of business parties 
and roles involved) may also be different. As an example, the role of aggregator as an 
intermediary between flexibility suppliers and consumers is emerging in power systems, but 
not necessarily present in other energy domains. These potential differences may also set 
other restrictions to the use of the conceptualization by parties using flexibility. Therefore, 
further research is required to gain a more detailed understanding of the applicability of the 
conceptualization in the business context of other energy commodities, such as (natural) gas, 
hydrogen and heat. 
 

3.6.3 Managerial and policy implications 
A precise conceptualization has practical relevance since it can help flexibility service 
providers such as aggregators to gain detailed insights into the business ramifications of 
flexibility. This will prove useful in managing flexibility services as on-demand service 
platforms at both the more operational and the more strategic level. 
 
Coordinating the platform sides and matching flexibility demand with supply 
On-demand services generally have to deal with fluctuations in both the demand for the 
service and the supply of the service by independent suppliers (Hu, 2019; Taylor, 2018). This 
makes matching demand with supply a challenging task and requires proper capacity 
management (Gurvich et al., 2019; Hu, 2019). The conceptualization proposed in this study 
can support the management of flexibility services on such an operational level. An 
aggregator’s primary challenge in deploying available flexibility is to determine which of the 
available flex-packages to select and how to steer the underlying flexibility devices to meet 
the actual flexibility demand. Here, insights into the availability and amount of flexibility 
available, as conceptualized in this study, will help in selecting and deploying flexibility 
devices. The available flexibility could be optimally utilized by smart scheduling, e.g., by first 
consuming the flex-packages with the shortest availability. Besides availability, other 
selection criteria could be considered, such as the costs of deploying devices, the impact on 
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the flexibility suppliers’ comfort or business, and energy efficiency. Future research could 
develop algorithms that consider various selection criteria, and then optimally schedule and 
deploy flex-packages accordingly. 
 
Pricing flexibility suppliers and consumers 
On-demand service platforms often use a form of dynamic pricing for both platform 
customers and suppliers to control or coordinate the supply and demand side of the platform 
(Eisenmann et al., 2006; Sanchez-Cartas and Leon, 2018; Taylor, 2018). By determining the 
right compensations for suppliers and the right price for the consumers, both platform 
demand and supply could be managed and aligned with each other (Bai et al., 2018; Taylor, 
2018). These practices can also be used to certain degrees by aggregators offering flexibility 
services. In this studied case, the aggregator has limited options in setting the price to the 
TSO (which is determined by a bidding system operated by the TSO), but has free control 
over the compensations for suppliers. The characteristics of flexibility, as specified in a flex-
package, can be used here to set prices. Further, due to the on-demand nature of flexibility 
services, availability of flexibility is critical. As such, a distinction can be made in pricing for 
the guaranteed on-demand availability of flexibility, and the actual amount of flexibility 
supplied or consumed. Further, apart from focusing on the physical features of flexibility, it 
could also be relevant to include the other proposed flexibility characteristics (i.e., flexibility 
form, available time, and location) in setting the prices and compensations. 
 
Platform openness and strategic development of the platform sides 
On a more strategic level, service platform companies should also manage their network of 
suppliers and consumers (Van Alstyne et al., 2016; Wan et al., 2017). Although the case 
studied used EVs only as a source of flexibility, there was also development going on to 
expand this with other types of electrical devices that could provide flexibility. Related to 
network effects (Boudreau and Jeppesen, 2015), on-demand service platforms require a 
certain critical mass in terms of platform participants affiliated on one side, before becoming 
attractive for participants to join on the other side. From this perspective, service platforms 
should attempt to involve as many interesting participants as possible to join the platform to 
increase the value offered (Ondrus et al., 2015). Further, in the specific context of flexibility 
services, flexibility service providers often must have the ability to provide a minimum 
amount of flexibility before being allowed to offer flexibility. As such, important strategic 
platform design decisions relate to the openness of an on-demand service platform (Benlian 
et al., 2015; Wan et al., 2017), determining who can join and who cannot. A more generally 
applicable flexibility conceptualization can support this development since this allows 
expressing the flexibility of different flexibility sources/devices into similar terms. This 
enables to sum up the flexibility of various devices into one aggregated amount that can be 
offered. When more types of electrical devices can be used, the potential economic value an 
aggregator can create may increase. 
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Further, as the case study showed, aggregators must develop and maintain a network of 
flexibility suppliers and consumers. As Stabell and Fjeldstad (1998) argued, aligning the two 
sides of the service platform is a key task for service platform companies. In the context of 
aggregators offering flexibility services in power systems, this means that aggregators have 
to ensure that the flexibility suppliers can provide the flexibility needed on the consumption 
side. In the specific context of flexibility services, getting this right is also important because 
mobilizing flexibility suppliers, installing flexible devices, and managing the contracts all 
involve costs. Especially since the profit margins of aggregators are rather small, it is 
necessary to have a well-balanced and economically viable network of flexibility suppliers 
and consumers. The proposed conceptualization can help to describe and analyze the 
requirements of both platform sides in flexibility terms. On the overall platform business 
level, this can provide insights into potential mismatches between flexibility demand and 
supply, and thus the additional flexibility required to align the network. Subsequently, new 
flexibility suppliers can be acquired and contracted, and the proposed flexibility 
characteristics can be used in designing service contracts. Apart from when it comes to 
contracting new suppliers, the proposed conceptualization of flexibility suppliers can assist 
in analyzing existing flexibility suppliers and maximize their flexibility capabilities. With the 
new insights into the relationships between the actors and technology involved and their 
potential flexibility capabilities, specific incentives can be given to the appropriate actors to 
unleash the flexibility potential required by the aggregator. 
 
Incentivizing Flexibility suppliers 
Besides the managerial implications discussed above, we also suggest an energy policy 
measure that could support the emergence and management of flexibility services. We stress 
the importance of policy measures to incentivize the owners of electrical devices that could 
offer flexibility to make their devices available to flexibility services. There are many potential 
flexibility devices around, but only a limited number are actively being used. The current 
financial benefits for flexibility suppliers are rather small and offer little incentive. Although 
the supply of flexibility could be steered by dynamically pricing flexibility (i.e., setting the 
right compensations for flexibility suppliers), this ability has its limitations. It seems difficult 
to convince people to make their devices available for flexibility supply in the first place. To 
enhance this, energy policies such as tax measures, awareness campaigns, and investment 
subsidies could help to make more flexibility devices available. Additionally, 
standardization of information exchange and ICT requirements will also enhance the 
development of flexibility services. This standardization can benefit from having a generally 
applicable conceptualization of flexibility as given in this study. Further research, however, 
is needed to determine which policies are most effective.  
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3.6.4 Limitations and future research 
The study and its associated limitations give rise to several possibilities for future research. 
First, it might be interesting to study other aggregators offering flexibility services. Due to 
the explorative nature, this study has opted for a single case study design with expert 
interviews. By definition, this methodology has limitations. Therefore, it is now of interest to 
study other cases of flexibility services as well. The energy flexibility market is developing 
and changing rapidly. On the flexibility supplier side, new types of electrical devices are 
being tested and used for providing flexibility. Simultaneously, at the consumer side, new 
types of flexibility consumers (with associated requirements) are emerging, such as the DSO 
with congestion problems. Future research, for example, should study how the 
conceptualization can be applied to these cases as well. Further, it is interesting to study 
aggregators’ management practices and associated complications when they will offer a 
variety of flexibility services to a variety of flexibility consumers (all with different 
requirements) simultaneously. How, for example, can flexibility be used simultaneously to 
meet different flexibility needs at the same time? Or how should the deployment of flexibility 
be coordinated in such a way to prevent that the deployment of flexibility (e.g., for balance 
problems) creates other problems (e.g., congestions)? Does this require additional insights 
into the concept of flexibility? 
 
 

3.7 Conclusions 
The growing integration of RES creates challenges for many parties involved in electricity 
systems. The solution to these challenges lies in the use of flexibility, which is nowadays 
provided in the form of service offerings to the parties facing the challenges. A new emerging 
role related to flexibility services is the aggregator, who provides an intermediary 
networking role between flexibility suppliers and the parties in need of flexibility. Effective 
management of flexibility services requires a good understanding of the notion of flexibility. 
In responding to this need, this research studied the notion of flexibility in the business 
context of flexibility services and proposed a conceptualization to support flexibility service 
management. 

In so doing, this study contributes to the energy flexibility literature by conceptualizing 
the notion of flexibility as a manageable concept and tradable good between flexibility 
suppliers and consumers. The energy literature predominantly views flexibility from an 
engineering perspective, lacking conceptualizations of flexibility in business terms that 
support the management of flexibility services, for example, provided by aggregators. In 
addressing this issue, this study frames the supply of flexibility 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 flexibility can be applied to all flexibility 
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sources. This allows relating the different types of flexibility sources (e.g., storage and 
conversion), which enables the aggregation of a variety of electrical devices. In doing so, 
these results are building upon the seminal work of Ulbig and Andersson (2015) and Eid et 
al. (2016). 

The developed conceptualization enables one to precisely describe and explain 
flexibility in the business context of flexibility services, resulting in several managerial 
implications. The ability to quantitatively describe various flexibility concepts provides 
detailed insights into the flexibility required and the amount of flexibility available. 
Aggregators can use such insights operationally when coordinating demand and supply of 
flexibility and managing capacity during on-demand service delivery. Further, it can be used 
at a more strategic level while organizing and developing a sufficient network of flexibility 
suppliers and consumers. In addition, the conceptualization also supports ‘invoicing and 
payment’ of both acquired flexibility and the flexibility services offered by aggregators, 
where the proposed flexibility characteristics can be used as pricing parameters and included 
in service contracts, thereby formalizing agreements on flexibility supply. 
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