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A B S T R A C T

This paper considers the potential of blockchain technology to empower distributed and decentralized local elec-
tricity markets. Although blockchain has gained considerable attention in the last few years as a facilitator for new
electricity markets, no attention has yet been given to its potential influence on the configuration of the actors in the
electricity system and its ability to transform the existing system. Based on a social network analysis, this paper
investigates how blockchain can influence the actor configuration of the electricity system in the Netherlands. After
describing the Dutch system, we compare the existing with the potential future system’ actor configuration and the
corresponding expected shifts in functions and network position of the actors. We conclude that although many
functions are likely to remain and new central authorities may be formed, the impact of blockchain does not seem to
be as disruptive and decentralizing as may be expected. This study provides first contributions to the ongoing dis-
cussion about the potential of blockchain to disrupt and reshape the electricity system.

1. Introduction

To date, electricity has been generated mostly by centralized power
plants from reliable but unsustainable fossil fuel energy sources [1]. Due
to growing distress about climate change, the depletion of fossil fuels and
concerns about local economies, a transition towards sustainable energy
began to unfold [2]. The transition embodies a shift towards more de-
centralized and renewable energy-based generation where users are en-
couraged to become prosumers and generate own renewable electricity
[3]. The significant growth of the intermittent renewable energy based
on distributed generation, challenges the current electricity system [4].
The unpredictable fluctuations may lead to power outages, service per-
turbations or overload in electricity components, thereby threatening the
stability of the energy supply. These problems are expected to proliferate
as current trends envisage further increase in use of electric vehicles, heat
pumps growing number of installed solar panels at residences and an
extended consumer engagement [5–7]. Accordingly, an urgent need is
growing for novel grid management architectures that can cope with this
decentralized energy production and use [3,8–10].

One of the potential promising architectures is the Local Energy
Markets (LEM) approach, denoting markets that enable consumers and
prosumers to trade energy within their community, facilitate (near)real-
time pricing and assist the process of a local balance of supply and
demand [11]. LEM have thereby the potential to empower and actively

engage small-scale prosumers in the electricity system. LEM may this
way facilitate “decentralized, smart, and interconnected markets” ([12], p.
10). Support to LEM is thus high on the strategic agenda of the Eur-
opean Commission [13]. To operate in a smart way however, LEM re-
quire advanced information and communication technology (ICT)
[14,15] that not only facilitates the local energy generation, trading,
near real-time pricing and balancing, but also provides a secure way to
do so. Blockchain is a technology that holds a promise to do all this.

Blockchain is a cryptographically sealed and fully distributed elec-
tronic database (a ledger) that is chronologically and continuously up-
dated and replicated over a peer-to-peer network. This distributed ledger
can be used as an accounting system for transactions between peers or for
registering all kinds of assets on a global scale between all participants
that are connected to the ledger. Being cryptographically sealed, the
transactions cannot be altered retrospectively, and the parties involved
no longer need to trust a third party to advance the transaction.
Consequently, blockchain is widely regarded to enable the decen-
tralization and disintermediation of any transaction between parties on a
global scale [16–18]. Since blockchain is a distributed ledger technology,
it is said to have the potential to empower decentralized markets and it
therefore offers an opportunity to facilitate LEM [9,11,19,20].

Both academic literature [18,21] as well as non-academic sources
[22–25] expect blockchain to fundamentally change industries: the current
blockchain stage is often compared to the early days of the internet in the
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90 s. Along with this potential, it embodies the possibility to radically alter
the electricity system by means of replacing various mostly intermediary
actors, such as energy utilities. This leads to concerns and growing fear
among industrial actors about the potential redundancy of their existence
[26–29]. Although blockchain has gained considerable attention in the last
few years as a facilitator for the conceptualization and implementation of
new energy markets such as LEM [3,9,11,19,20], no attention has yet been
given to its specific influence on the configuration of the actors in the
electricity system and its ability to transform the existing system.

In this article we aim to fill in this gap. In particular, we build on the
insights from the rapidly evolving transition studies regarding the
conceptualization and the role of networks in the development of new
technologies and in the unfolding broader processes of radical change
[30–33]. By making use of a Social Network Analysis (SNA) as well as
one normative scenario, we explore two possible ways in which
blockchain can influence the function(s) of the various system’ actors
and their position in the social network in the ongoing energy transition.
We address the following research question:

How could the introduction of blockchain in the Dutch electricity system
influence its actor configuration?

Although the influence of blockchain is not limited to geographical
borders, our analysis takes the Dutch socio-technical electricity system as a
unit of analysis due to its specific characteristics and recent developments.
The remainder of this paper proceeds as follows. In Section 2, we present
our analytical framework. In Section 3, we describe the methods. In Sec-
tion 4, we present the results of the analysis and we discuss the prospected
influence of blockchain on the actor configuration in the electricity system
based on the empirical Dutch example. We conclude in Section 5.

2. Analytical framework

The evolving field of transition studies [34] recognizes the im-
portant role of networks in the development of new technologies and in
the processes of transition [30–33]. Transitions are large scale funda-
mental changes in the way human needs are satisfied. The change de-
notes not only substantial technological innovation but also equally
high-level change in societal aspects – hence socio-technical system
change. Most incumbent systems providing human needs, such as en-
ergy, are unsustainable but highly path-dependent and locked-in [35].
Alternative technologies like blockchain and novel ways of organizing
the socio-technical systems such as the distributed energy generation,
are developed in protected spaces: niches.

Network formation, next to learning an expectation articulation is a
critical process motivating the alternative niche development [36] but
the concept of social network analysis has not been very popular in this
field. If social network theory, and social network analysis in particular,
was mobilized, it was often to highlight the direct positive impact of
networking within niches on the successful incubation of novel tech-
nologies. Among the first to recognize the value of social network ana-
lysis techniques to study transitions were Caniëls and Romijn [37], who
identified the link between networking and various processes influencing
niche formation. Their work was taken a step further by Lopolito et al.
[38], who used social network analysis techniques to define the internal
development status of innovation niches. Later, Hermans et al. [39]
studied the network characteristics of a niche as it evolves over time.
Other authors made use of social network analysis to investigate the role
of networks in relation to innovation performance [32,40,41].

In social network theory, social networks are defined as social struc-
tures constituted by a set of actors, also known as nodes, and the re-
lationships between these actors, represented by lines or ties. The nodes
can refer to any type of actor (individuals, firms, universities, commu-
nities, etc.) and the ties can denote any type of social relationship (e.g.
information sharing, transfer of financial resources, exchange of goods or
services) [42]. The study of social networks is related to an analytical tool
called social network analysis (SNA) [40,43]. The SNA can be defined as: the

disciplined inquiry into the patterning of relations among social actors, as well
as the patterning of relationships among actors at different levels of analysis
([44], p. 508). This tool is used to investigate the relationships among
actors in a specific network. It can also be used to analyze the structure
and patterns of these relationships by making use of various predefined
network properties, which contain valuable information about the re-
lationships within the network. The network properties such as network
shape, density, strength of the relation and the degree of connections of an
actor, help to better understand the structure and patterns in the networks.
By showing actors as nodes, SNA further enables a visualization of the
network, which helps to better grasp the relevant abstract features in in-
teraction systems such as working mechanisms of the network [45,46].

The existing literature on the effect of networks on innovation perfor-
mance distinguishes twomajor research streams: the ego-centric perspective
and the socio-centered perspective [47]. The ego-centric (or personal) net-
work perspective focusses on the innovation performance of individuals and
analyses the local network structure from a focal actor’s perspective only
whereas the socio-centered (or complete) network perspective focusses on
the innovation performance of organizations and analyses the overall net-
work structure [47]. Another, relevant distinction made in the SNA type of
analyses is between two views of network analysis: the structuralist and the
connectionist [48]. The structuralist approach focusses on the topology of
social relations within networks. Coleman [49] argues that if networks are
dense (i.e. they have many actors within the network) and deep (i.e. the
relationship is strong), they have a high level of social capital, which safe-
guards against opportunism and facilitates trust, resulting in more resources
and willingness of others within a network to achieve certain goals. Hence,
the structuralist approach focusses on the patterns of interconnections rather
than the content of the ties. The connectionist view concentrates on the re-
sources (the content) that flow through ties. Networks may stimulate niche
development in the sense that if networks are broad, then the knowledge
from actors who are weakly linked to the network may provide valuable
cognitive knowledge and resources [50]. Hence, the structuralist view fo-
cusses on the structure of interconnections within the network, whereas the
connectionist view focusses on the type of interconnections within the
network and the resources that flow through them [48].

In this paper we use transition insights to conceptualize the current
electricity as an incumbent socio-technical system that fulfils the societal
function of energy provision. To show its stability, we shortly describe
the institutional fabric of the dominant configuration and map the cur-
rent actors. We also identify a few relevant broad factors that (dis-)sta-
bilize the system, making it open to such technologies as blockchain.
Blockchain is here considered as an innovation that has not yet gained
sufficient critical mass that would motivate an alternative way of orga-
nizing the electricity system. It does however stir unrest among espe-
cially large and incumbent actors by carrying the potential of making
some of them redundant [26,27]. By means of SNA we therefore unpack
the current system’ actor configuration and map potential changes
brought about by blockchain. Given our interest in understanding and
describing how blockchain technology provides an alternative way to
organize the electricity system and how it can facilitate the ongoing
energy transition, in this paper we adopt the socio-centered perspective
using insights from both structuralism and connectionism. This is dif-
ferent to the existing body of literature that connects transition studies to
network theory, which predominantly adopts a connectionist approach.
The structuralist approach however provides a valuable tool for the
systematic analysis and empirical measurement of a network.

3. Methods

3.1. Methodological approach

To empirically underpin our argument, we investigate the Dutch elec-
tricity system. The Netherlands were chosen for their specific institutional
context and regulatory framework. The country has a leading position in the
development of smart technologies such as blockchain prompted by a strong
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government support to the formation of a National Blockchain Coalition
[51]. The Netherlands also has multiple community driven energy in-
itiatives that apply blockchain technology to facilitate local electricity
trading. Examples include De Ceuvel, ran by the grid operator Alliander and
software provider Spectral [52]; or Hoog Dalem, ran by the grid operator
Stedin and software provider Energy21 [53].

Methodologically, this research synthesizes qualitative and quantita-
tive methods by conducting three types of analyses: a literature study, a
quantitative and qualitative SNA (Fig. 1). The literature study was con-
ducted to explain, in transition terms, the dynamics and specifically the
actor configuration of the current Dutch electricity system and to for-
mulate one normative scenario. Given the explorative nature of this re-
search, the scenario describes one possible future dynamics and a potential
actor configuration of the Dutch electricity system where blockchain en-
ables peer-to-peer trading in LEMs. The scenario thereby captures the
trends of growing number of prosumers and decentral energy resources
within the grid and the need of managing these developments effectively.
The particular peer-to-peer application was selected from many because it
is considered the most promising and for its dominance in the existing
pilot projects and initiatives [9,54–57]. The year 2030 was chosen to align
with the projected time-line of the Dutch climate agreements.

The quantitative SNA was performed to systematically map the
actor configuration (nodes) and the inter-organizational relationships
(ties) in the existing and the future electricity system. The analysis
provided insights in the structural properties of the nodes and the
overall network. It contributed thereby to the testing of the socio-cen-
tric and structuralist approach. The qualitative SNA was conducted to
create an overview and to interpret the meaning of the nodes and ties.
Moreover, by means of the qualitative SNA, a possible evolution of the
actor configuration was enabled with particular attention to the po-
tential novel functions of the actors in the future electricity system.
Such a mapping requires a deeper understanding of the wider context
and would not be possible with the purely variable-oriented techniques
of the quantitative part. In this way, the qualitative SNA contributed to
the testing of the socio-centric and connectionist views.

3.2. Data collection and analysis

For the literature study (Fig. 1) that would help to map the elec-
tricity system and to build the normative scenario, two separate lit-
erature studies were conducted based on two academic databases:
Scopus and Web of Science respectively1 . Data from these studies were
analyzed by means of secondary data analysis. Based on the analysis,

the most common application of blockchain in the electricity system
was identified and formed a base for the normative scenario, namely:
local energy trading. Since this research served illustrative purposes
and did not aim to be all-encompassing, we limited the analysis to in-
vestigating the effect of solely this one use case. To avoid personal bias
in the interpretation of the cases, the scenario was verified with six
experts2 from the electricity sector.

For both types of SNA analysis, eleven research participants were
selected via snowball-sampling. The actors represented actor groups
(e.g. producer, supplier) rather than organizations (e.g. Eneco, TenneT,
Enexis). The research participants were selected based on their in-
volvement in the development of blockchain technology within their
organization. They predominantly occupied managerial or CEO posi-
tions (e.g. manager of the IT department within a Dutch energy com-
pany or the strategic manager within a grid operator). They were
therefore not only able to understand the potential of blockchain but
also to grasp the broader view of the electricity system.

For the quantitative SNA (Fig. 1), data was gathered through social
networks surveys. Participants filled in two social network surveys
where they were asked to attribute values to the degree of frequency of
interaction with other actors in the network3 for the existing and the
future electricity system. The values of the future electricity system
were based upon the interpretation of the normative scenario of the
research participants. Accordingly, the surveys resulted in two net-
works visualizations: the existing actor configuration and the expected
future actor configuration. The input from the surveys was used to
identify the predefined network properties needed for the analysis and
for the comparison of the two networks with each other (see Section
3.3). The quantitative SNA was carried out by making use of social
network software called NodeXL. The surveys were used as input and
they enabled the visualization of two networks and the computation of
various predefined network properties that were needed to analyze the
network.

For the qualitative SNA (Fig. 1), data was gathered and analyzed by
means of network drawing exercises, which resulted in so-called net-
work pictures. Prior to filling in the second survey, the participants
were handed a sheet of paper depicting merely the system actors
without ties connecting them. Subsequently, the participants drew lines
(i.e. ties) that represented the relationships between the actors, for
which they used different colors to indicate changes in interactions
compared to the existing system (i.e. relationships which they expected
to grow stronger were colored green, whereas weaker was colored red
and equal was colored black). In addition, the participants were asked
open questions concerning the reasons of changed interactions and
potential new actor groups, if any4, and indicated the potential new
functions of the actors. The qualitative SNA had the purpose of en-
riching and corroborating stories and meanings of the interviewees vis-
a-vis the quantitative SNA results.

3.3. Network properties

3.3.1. Overall-level metrics (quantitative SNA)
By conducting both types of SNA, various network properties were

Fig. 1. Process diagram methods.

1 The keywords that were used included: Dutch electricity market, Dutch elec-
tricity supply, Dutch energy transition, Dutch electricity system, blockchain elec-
tricity, blockchain electricity applications, blockchain peer to peer, blockchain mi-
crogrid, blockchain energy and decentralized energy trading.

2 The experts that were asked to review the scenario were either manager or
experienced employees (over 10 years of experience) in the electricity trading
sector.

3 The values that the participants could attribute to the frequency of inter-
action included: Never = 0 Yearly interaction = 1 Twice a year interaction = 2
Monthly interaction = 3 Weekly interaction = 4 Daily interaction = 5 Near
real-time interaction = 6. In this survey, interaction was classified as a broad
concept and could include interaction in terms of transfer of either knowledge,
data, technology or financial resources.

4 The participants were asked for each line they drew to explain why they
thought the frequency of the interaction would change, providing a rich un-
derstanding of the new interactions in the future actor configuration.
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gleaned to analyze the structure and patterns of the relationships be-
tween the system actors. First, two properties were obtained that
measure the overall structure of a network: the shape and density. The
network shape refers to the morphology of a network and the overall
distribution of the ties in the network, which can be used to differ-
entiate the core actors (that are highly connected) in the network from
the actors in the periphery (with few connections) [58]. Network density
is a metric that is often used in network research to examine the degree
of interaction within a system [59]. It refers to the measure of cohe-
siveness within a network. Density was calculated according to Formula
(1). It is the proportion of the number of ties in the network relative to
the total number of possible ties. The T in this formula refers to the
number of existing ties in the network and n is the number of nodes in
the network.

T
n n( 1)/2 (1)

3.3.2. Node-level metrics (quantitative SNA)
Next, additional metrics were computed to gain insights per in-

dividual network actor, including betweenness centrality, eigenvector
centrality and the degree. Betweenness centrality measured the extent to
which a specific actor is an intermediary. The intermediary position
determines how much information and other resources flow through a
certain node. The higher the degree, the more important the inter-
mediary role of the actor and the more central the actor is in the net-
work, since more resources flow through this node. Betweenness cen-
trality was calculated according to Formula (2), with gij as the number
of shortest paths connecting actor ai and gij(ak) representing the paths
connecting ai and aj, containing actor ak.

<

g a
g
( )

i j

ij k

ij (2)

Eigenvector centrality is a metric that measures the influence of a
node in a network. It measures how important a node is by measuring
how important the other nodes are that are connected to that specific
node, in terms of centrality. This implies that if a node has a high ei-
genvector score, it is connected to many other nodes with high scores.
Formula (3) describes how the eigenvector centrality was calculated for
a network =G V E( , ) with V| | vertices let =A a( )i t, be the adjacency
matrix. That means that =a 1v i, if vertex v is linked to vertex t, and

=i 0 if not.

= =C n C n a C n( ) 1 ( ) 1 ( )E i t M n E t t G i t E t( ) ,
i (3)

Degree is an indicator of the number of ties that are connected to a
node. The degree is the simplest way to measure the influence of a node
in a network: generally, nodes with a high degree have more influence.
In this SNA we used the degree to support the overview depicting the
new actor functions that was constructed by means of the qualitative
SNA.

3.3.3. Tie-level metrics (qualitative SNA)
The tie-level metrics focused on the context of the ties in the net-

work. The strength of the relation is a measure to indicate the strength of
the relationship between two nodes in the network. This measure is a
visual property rather than a property indicating a quantity, and it was
indicated in the visually depicted network by the width of the ties. This
property was only valuable if it was supported by the new functions

that came forward during the qualitative SNA. The overview depicting
the new actor functions explained how the network members perceived
the relationships, thereby providing insights in the content and the
meaning of the ties.

4. Results

In this section we present the results of our research. We first de-
scribe the dynamics and actor configuration in the current Dutch
electricity system (4.1), followed by a description and analysis of the
potential actor configuration in the future system based on an ex-
plorative, normative scenario (4.2). The focus in the later part is in on
the potential change of the actor configuration when blockchain is in-
troduced.

4.1. Actor configuration in the current Dutch electricity system

4.1.1. Current dynamics (2005–2018)
Several landscape developments have influenced and are still in-

fluencing the Dutch electricity system. These are in particular climate
change and the need to reduce GHG emissions. Next to this, there are
several general trends that have an impact on the system: the increasing
demand for electricity, the emergence of distributed generation and
digitalization. In the coming decades digital technologies and the
strategic use of data will be at the core of new energy innovations
[60–62]. According to a recent Bloomberg study, the focus of innova-
tion in the energy industry will shift from a focus on hardware to a
focus on software to make the electricity system more resilient, effi-
cient, intelligent, digital and sustainable [22].

Institutional changes in the electricity system have been triggered
by the surge of neo-liberalism and the optimism about the process of
European integration in the 1990s. In 1998, the Dutch parliament
adopted an electricity bill for the liberalization of the electricity market.
One of the main consequences was the unbundling of the generation
and retail function from the transmission and distribution of electricity.
By now, the utilities without their grids have been bought by interna-
tional energy companies, while the network companies have remained
in public hands. Also, all kind of new actors emerged on the scene, like
utilities offering only ‘green’ electricity and many local cooperatives.
The process of reconfiguration in the electricity sector is still ongoing.
Recent policy issues for example focus on the role of aggregators of
distributed generation providers on the market and the need or desir-
ability to enable peer-to-peer electricity exchange and the creation of
LEMs.

Overall, the Dutch electricity system has become technologically
and socially more complex and the complexity will only further in-
crease in the future. This explains the attractiveness of the blockchain
technology, as it both promises to deal with the data and to completely
transform the actor configuration in the electricity system. The most
common current applications of blockchain in this sector include utility
billing [63], certificates of origin tracking [64], demand response
management [65] and local electricity trading [55].

4.1.2. Current actor configuration
The dynamics in the electricity system explained above gave rise to

the formation of various novel actors in the electricity system. This
section gives an overview of the current most important actors, their
interrelatedness with each other and their functions in the existing
electricity system.

The first actor group that is essential in the electricity system
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encompasses electricity producers (and to a lesser degree also prosu-
mers). They are responsible for the generation process in the system.
Most of the producers in the Netherlands generate electricity at nuclear
or fossil-fueled power plants, although the input from renewable re-
sources is increasing. These producing companies may or may not be
part of larger energy companies. The electricity that they produce is
often sold directly to the grid and for that reason producers are in direct
contact with grid operators, who communicate to producers the amount
of electricity they need for grid balance.

To sell the power to the grid, producers often make use of electricity
marketplaces, which are operated by the market operator. Via the
market operator (mainly the Epex Spot for the Netherlands) electricity
can be sold to either large consumers, traders or suppliers (who in turn
deliver it to small and medium sized consumers). The market operator
is responsible for the organization and administration of trade in elec-
tricity and payment settlements among producers, suppliers, and cus-
tomers, and for the creation of transparent price signals. Moreover, they
ensure delivery and payment of those transactions.

For a properly functioning grid it is essential that electricity can
securely be transported over long distances and that the balance be-
tween electricity supply and demand is maintained. The Transmission
System Operator takes care of this by operating and maintaining the
high-voltage grid. In the Netherlands, there is only one transmission
system operator, namely TenneT. This actor is responsible for the
transmission process of electricity, the management the transmission
network, the import capacity and the balancing of the grid.

To balance the grid however, the transmission system operator
cannot operate on its own. The transmission system operator must
communicate with various parties to regulate the inflow of electricity
and balancing, for example with producers and with the distribution
system operator for network management. Also, the transmission system
operator must communicate with the Balance Responsible Party/Trader to
anticipate on how much electricity each party connected to the grid is
going to feed into and take out of the grid. A balance responsible party is
responsible for balancing the acquisition and sales volume of electricity
and the planning of the daily usage. Balance responsible parties must
present their e-programs at the end of the day to the transmission system
operator to enable grid balancing, whereas traders do not as they only
buy and sell power and do not carry the price risk.

Where the transmission system operator is responsible for the op-
eration of the high voltage grid, the Distribution System Operator is re-
sponsible for providing and operating low and medium voltage grids for
the regional distribution of electricity. Furthermore, the distribution
system operator is responsible for voltage control and reactive power
management within the grid. Because of these responsibilities dis-
tribution system operators must communicate and interact with various
other actors, for example with metering companies for updates on
electricity consumption of large-scale consumers; with market service
providers/ charge point operators for electricity flow to charging sta-
tions; and with balance responsible parties/traders to distribute the
electricity that is bought on the electricity market.

A straightforward, yet essential, actor in the electricity system are
the consumers and prosumers. They are the final actors in the process of
electricity supply, as a consumer is an individual who buys and uses
electricity, whereas a prosumer both buys and produces electricity, for
example through privately owned rooftop solar panels. Consumers can
be categorized in large-scale consumers (i.e. with connections bigger
than 3× 80 A (ca 100.000 kWh)) or medium-scale to small-scale con-
sumers (i.e. with connections smaller than 3× 80 A).

Since producers often sell their electricity to the marketplace and

therefore not directly to small-scale and medium-scale consumers, these
consumers need another actor to purchase their electricity from: suppliers.
Suppliers primarily interact with the market operator for the procurement
of electricity, with the data facilitator to communicate actual consumption
data, and of course with the end consumer, as the supplier delivers elec-
tricity to the (small or medium sized) consumer or prosumer.

From the moment of the unbundling in the 1990s, several new ac-
tors appeared on the scene. One of them is the data facilitator that
emerged in response to the growing amount of data between the in-
creasing number of actors in the Netherlands, called ‘Energie Data
Services Nederland’ (EDSN). The data facilitator expedites the adminis-
trative data exchange between market parties, such as system opera-
tors, metering companies, balance responsible parties and suppliers.
Furthermore, the data facilitator safeguards free market processes and
enables an administrative platform for consumers and suppliers which
enables the switching of suppliers for consumers.

The metering company is another new actor, who is in close contact
with the data facilitator. The metering companies used to be part of the
grid operators but have now become separate entities. They supply,
install and maintain the electricity and gas meter, collect power and gas
consumption data and send it to the data facilitator.

The growing need for flexibility in the grid gave further rise to ag-
gregators. Aggregators have the capacity to manage demand response
and offer technical or economic services to electricity actors. They
allow flexible management of the grid by rewarding consumers who are
connected to the grid for low energy usage at peak times.

Moreover, among the newest actors are Charge Point Operators, re-
sponsible for the delivery, instalment and maintenance of charging points
for electric vehicles, and Mobility Service Providers responsible for the
commerce of mobility products and services for electric vehicles including
payments and subscriptions for vehicles charging. Since both actors mostly
fulfill both the roles (of charge point operator and market service pro-
vider), this article combines the two roles into one actor group.

Lastly, there are several national and international actors, who
should supervise and regulate the national and international electricity
market, but who are not yet active in the market. The responsible actor
for protecting national consumer interests and safeguarding a compe-
tition-friendly market is the Authoriteit Consument en Markt (ACM). A
key international (European) regulatory body is the European Network
of Transmission System Operators for Electricity (ENTSO-E). The ENTSO-E
is a network of European transmission system operators and currently
represents 43 in total. Their aim is to set up a strong European internal
energy market and support the European energy and climate agenda.
The Agency for the Cooperation of Energy Regulators (ACER) is a new
actor who ensures the proper functioning of the European gas and
electricity market by supervising and coordinating regulatory decision-
making processes at national and European level.

4.2. Potential actor configuration in the future Dutch electricity system

4.2.1. Potential dynamics based on a normative scenario (2030)
In 2030 energy is produced mainly in a decentral manner. Every

household in the Netherlands generates its own electricity or buys it
from small-scale and local producers, such as farmers owning a wind
turbine, or from neighbors and other community members with solar
panels on their roofs.

In this scenario, there will be multiple blockchain platform(s) enabling
small-scale participants, such as SME companies, consumers and prosu-
mers, to trade electricity with each other (peer-to-peer trading). This will
happen on local energy markets, where consumers and prosumers will be

M.C. Buth, et al. Energy Research & Social Science 53 (2019) 194–205

198



able to trade within their community, facilitating (near) real-time pricing
and a local balance of supply and demand. The local markets are smart,
decentralized and interconnected markets, and will connect consumers
and prosumers via either microgrids or virtual power plants. Hence, the
most significant institutional change will be the legitimation of trading
within LEMs, which strengthens the positions of the prosumer.

Each household will be equipped with a battery and a smart meter,
enabling bilateral trade of the electricity stored on the battery. The
blockchain-based trading platform will facilitate automatic local
(micro) transactions via algorithms that trade on behalf of the con-
sumers via personalized smart contracts set in the blockchain. These
contracts could include options where users can choose the type and
origin of their electricity, in a dynamic manner and based on their
personal preferences. Moreover, the smart contracts set in the block-
chain will facilitate machine-to-machine communication for devices at
home. The devices will be connected to the grid via a smart meter (or
plug) and will autonomously charge or start at the exact moment that it
is most profitable for both the user and the grid.

4.2.2. Potential future actor configuration vs existing actor configuration
Each of the networks is characterized by six network metrics and

their accompanying visible network properties (if applicable), sum-
marized in Table 1.

The network presented below in Fig. 2 depicts the actor

configuration of the current system. For the remainder of this analysis,
the network is contrasted with Fig. 3, which depicts the potential future
actor configuration based on the interpretations of the research parti-
cipants of the normative scenario described in Section 4.2.

Each network node represents an actor group as defined in Section
4.1 and each tie represents a connection between two nodes. The cor-
responding network metrics that aim to support the interpretation of
the visualized networks are displayed in Tables 2 and 3. Although more
data is available concerning the position of each node, only the most
diverging values are depicted in the table.

4.2.3. Overall-level metrics (quantitative SNA)
The overall-level metrics provide insights in the general structure of

the network and include the network shape and density. The network
shape refers to the distribution of nodes and ties across the network and
can be useful to distinguish the core actors (i.e. the highly connected
nodes) in the network. In the existing network (Fig. 2) we observe that
the network core includes at least six actors, whereas the remaining
actors are clearly positioned in the periphery of the network. In con-
trast, the future network depicts a more diffused and less centralized
network with only four core actors and more nodes that have moved to
the periphery of the network. When comparing the network density
between the two networks, the future network depicted in Fig. 3 ap-
pears denser than the existing network in Fig. 2. The metrics in Table 2
confirm this assumption and indicate that the network density has risen
from 0,691 (Fig. 2) to 0,745 (Fig. 3), signifying that 74,5% of all ties
that could theoretically be existent in the network are indeed realized.
This means that there are more relations in the future network than in
the existing network, indicating a potential overall increase in colla-
boration and interaction between actors in the future network.

4.2.4. Node-level metrics (quantitative SNA)
The node-level metrics provide a deeper understanding of the se-

parate nodes and enable the identification of actors that stand out in
terms of the network metrics. The node-level network metrics that are

Table 1
Summary of the network metrics and their visible network properties.

Level Metric Visible network property

Overall-level Network shape Morphology of the network
Network density Cohesiveness of the network

Node-level Betweenness centrality Size of the node
Eigenvector centrality N.A.

Tie-level Strength of the relation Width of the tie
Degree Number of connections

Fig. 2. Actor configuration in the existing electricity system (dark and bolt lines indicate frequent interaction, light and thin lines indicate non-frequent interaction).
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analyzed in this SNA include the betweenness centrality and the ei-
genvector centrality.

Both networks depict another visual property that represent a net-
work metric: the sizes of the nodes. The size of the nodes is proportional
to the betweenness centrality of the actors: the larger the diameter of
the node, the higher the degree of betweenness of the node in the
network. This measure indicates the extent to which an actor lies on the
path between two actors in the network, and therefore measures the
extent to which an actor functions as an intermediary. Compared to the
existing network, the nodes in the future network seem to be more si-
milar in size to one another and thus appear to be more homogenous in

terms of size. Since the sizes of the nodes represent the betweenness
centrality, this means that the betweenness centrality of the nodes in
the future network have become more similar to each other. As Table 2
shows, the betweenness centrality values are indeed less scattered: the
range of the values for the current network is larger (0,533 ≤ be-
tweenness centrality ≤ 4,267) than the values for the future network
(0,733 ≤ betweenness centrality ≤ 2,650), indicating that there are
fewer actors with either a strong or a weak brokerage position. The
overall level of centralization is therefore lower in the future network
than in the current network. This illustrates that blockchain in this
sense could indeed lead to a slightly more distributed network than the

Fig. 3. Actor configuration in the future electricity system (dark and bolt lines indicate frequent interaction, light and thin lines indicate non-frequent interaction).

Table 2
Network metrics to support the visualized networks.

Metric Existing network Future network

Network density 0,691 0,745
Highest betweenness centrality Distribution system operator (4,267)

Supplier (2,533)
Metering company (2,400)

Distribution system operator (2,650)
Charge point operator/Mobility service provider (1,550)
Transmission system operator (1,350)

Highest eigenvector centrality Distribution system operator (0,123)
Metering company (0,102)
Supplier (0,102)

Distribution system operator (0,115)
Consumer/prosumer (0,098)
Supplier (0,097)

Highest degree Distribution system operator (10)
Metering company/supplier (8)
Transmission system operator /producer/balance responsible
party/trader (7)

Distribution system operator (10)
Consumer/prosumer (9)
Charge point operator / Mobility service provider /market operator/
supplier (8)

Lowest betweenness centrality Consumer/prosumer (0,533)
Market operator (0,567)
Charge point operator / Mobility service provider (0,667)

Aggregator (0,733)
Producer (0,867)
Metering company (0,900)

Lowest eigenvector centrality Consumer/prosumer (0,068)
Aggregator (0,079)
Charge point operator / Mobility service provider (0,081)

Aggregator (0,074)
Transmission system operator (0,082)
Balance responsible party/trader (0,083)

Lowest degree Consumer/prosumer (5)
Aggregator/ Charge point operator / Mobility service provider
/data facilitator/market operator (6)
Transmission system operator/producer/balance responsible
party/trader (7)

Aggregator (6)
Balance responsible party/trader/data facilitator/ metering company/
producer /transmission system operator (7)
Charge point operator / Mobility service provider /market operator/
supplier (8)
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current network. The actor with the highest betweenness centrality is
the distribution system operator (VI), with the highest value in both the
existing and the future network. This means that the distribution system
operator has an important strategic position in both networks as brid-
ging actor for the flow of resources through the networks, although this
strategic position is likely to decrease (from 4,267 to 2,650) a bit ac-
cording to the metrics. However, even though the distribution system
operator remains the actor with the strongest intermediary position,
changes are expected for the other actors. In the future network, the
supplier (X) and metering company (VIII) no longer have the highest
betweenness centrality values. Instead, their positions as strong inter-
mediaries are replaced by the charge point operator/market service
provider (III) and the transmission system operator (XI). This means
that the amount of resources flowing through these actors is likely to
shift, with the supplier and the metering company facing a decrease of
resources flow through and the charge point operator/market service
provider and the transmission system operator an increase of resources
flowing through. Regarding the lowest betweenness centrality values,
the intermediary position of the charge point operator/market service
provider shows the strongest rise in the future network as the charge
point operator/market service provider shifts from one of the actors
with the weakest intermediary position towards one of the strongest
intermediary positions. Furthermore, the intermediary position of the
consumer/prosumer and the market operator are likely to increase,
while the aggregator and the producer are likely to see the amount of
resources flowing through decrease.

The last node-level metric is the eigenvector centrality, which is
used to indicate the influence or the importance of an actor in the
network. This metric is not visually depicted in the networks and can
merely be analyzed via Table 2. In the existing network, the highest
eigenvector centrality can be attributed to the distribution system op-
erator and is followed by the metering company and the supplier. This
implies that the distribution system operator is the most influential and
important node in the existing network, meaning that it is important
because it is surrounded by other nodes which are important (i.e. have a
high eigenvector centrality). In the future network however, the ei-
genvector centrality values have changed. Although the distribution
system operator and the supplier retain their high eigenvector cen-
trality value, the metering company loses its high level of influence to
the consumer/prosumer, which becomes more important in the future
network. This also means that the consumer/prosumer is no longer the
least important actor. In the existing network, the consumer/prosumer
together with the aggregator and the charge point operator/market
service provider, were considered to be the least important actors. In-
stead, the lowest positions are now taken by the aggregator, the
transmission system operator and the balance responsible party/trader.

4.2.5. Tie-level metrics (qualitative SNA)
The tie-level metrics are useful to provide more information on the

changes in the degree and the strength of the relation. The degree refers
to the number of incoming as well as outgoing connections of an actor
and is useful to identify the core actors in a network. The strength of the
relation is a network property that cannot be quantified and depicted in
a table but can only be observed in the visualized networks.
Furthermore, the strength of the relation and degree can only be fully
understood by means of the evolution of functions, which is summar-
ized in Section 4.3. The connections between the actors, which are
represented by the ties between the nodes, are either in terms of
transfer of knowledge, data, technology or financial interactions. The
ties vary from each other in darkness of opacity and width, which in-
dicate the strength of the connection between two nodes. The darker
and wider (or thicker) the tie is, the stronger the connection between

the two nodes. By combining the tie-level metrics with insights gath-
ered from the qualitative SNA, they provide a narrative that is useful to
support and understand the node-level metrics.

The existing network shows specifically strong connections in the
upper half of the network. The positive outliers in this respect are the
market operator (VII) and the transmission system operator (XI), which
appear to have merely very strong relations with the actors they are
connected to. This confirms our prior understanding that the trans-
mission system operator and market operator have a strong platform
function for its interconnected nodes in terms of physical processes
which are directly related to the value chain of the electricity system.
Moreover, the balance responsible party/trader (II) and the data facil-
itator (V) have various strong relations with their connected nodes,
which indicates that these nodes interact closely with their surrounding
nodes. Other nodes that have many and strong relations in this network
are the supplier (X) (degree of 8) and the metering company (VIII)
(degree of 8), which puts them in a central position in the network. The
negative outliers in this current network are the charge point operator/
market service provider (III) and the consumer/prosumer (IV), which
both appear to have only one strong connection and several weak
connections. Furthermore, the consumer/prosumer also has very little
connections (degree of 5) and is located at the periphery of the network,
illustrating and confirming our prior knowledge that currently the
prosumer/consumer is not a central actor in the network and has little
resources flowing through.

In the future network, one can observe that the market operator (VII)
still has many ties, which is like its number of ties in the current network.
However, in the future network the market operator has a more central
position and has a higher degree (8 vs 6) than in the previous network.
This illustrates that in the new network the market operator is likely to
play a more central role in the trading of electricity among peers within
local energy communities. Other nodes which are in a central position in
the network are the transmission system operator (XI) and the distribu-
tion system operator (VI). Similar to the current network, in the future
network the transmission system operator has the same number of ties
(degree of 7) and has merely strong relations with its connected nodes.
This indicates that the transmission system operator will remain an im-
portant actor in the future network. Nonetheless, although the distribu-
tion system operator also still has the same number of ties, the strength of
the ties appears to have diminished. It is still in a central position in the
network, which indicates that it is still in a critical brokerage position in
the network. Another observation in the future network is the diminished
number of strong relations of the balance responsible party/trader (II)
and the data facilitator (V). This indicates that in the future electricity
system, the balance responsible party /trader and the data facilitator
could perform different roles for the actors that currently have relations
with the balance responsible party /trader and the data facilitator,
which will require less strong interactions. Another key observation that
stands out in the future network, is the strong increase in number of
ties of the consumer/prosumer (IV) (9 in the future network vs 5 in the
current network).

4.3. Evolution of actor functions and positions

To answer the research question of this article, we not only in-
vestigate the expected novel interactions, but we also use them to ex-
plain how the functions of the actors could change in a future block-
chain-based electricity system. There are several ways in which the
introduction of blockchain might influence the actor configuration in
the electricity system. Therefore, to support the network metrics, a
qualitative SNA was conducted, providing an overview that explains
and accounts for the changes in the two networks .
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During the network drawing picture exercise, the research partici-
pants were asked whether they thought a new function could emerge in
the future electricity system. All eleven research participants answered
that it was be likely that a new function would emerge in this pathway,
namely the function of controlling and operating the blockchain platform.
For a blockchain to function, advanced algorithms are required to fa-
cilitate local trading. The blockchain operator could become the actor
that oversees the generation and optimization of the algorithms on the
blockchain. Hence, a new actor or an existing actor would in this case
become responsible for the development of the ICT infrastructure that
will be needed to enable this pathway. In this study, it remains unclear
whether the future blockchain-based electricity system requires one

large blockchain platform or a patchwork of smaller blockchain plat-
forms operating next to each other. Ergo, the question remains as to
which actor(s) would become responsible for these roles in the future
electricity system, or whether an entirely novel actor with central au-
thority would arise in the electricity system.

Moreover, as Table 3 points out, there are various uncertainties
regarding the future functions of existing system actors since existing
actors could get different renewed functions. Nevertheless, despite this
uncertainty Fig. 4 provides the visualization of a potential future
(blockchain-based) electricity system, which is based on our quantita-
tive and qualitative findings. In this visualization we strongly build and
aim to extend the analysis of Verbong and Geels [66] where the

Table 3
Overview of the expected function shifts within the electricity system.

Actor Future function Future network position

Aggregator Lots of uncertainty, however, three options emerged:
1) Aggregators could disappear: blockchain could take over their role;
2) The supplier or the balance responsible party /trader could take over

and incorporate the current role of the aggregator.
3) Similar function as in the current system but will become more

important overall.

Will have a declined broker position and less influence in the
network. There is, however, lots of uncertainty.

Balance responsible party/
trader

No radical changes expected for its main functions. However, the function
of the balance responsible party/trader could become more similar to and
intertwined with the current role of the aggregator.

Will have a declined broker position and less influence in the
network. Shift in position is related to position shift of the
aggregator.

Charge point operator/ market
service provider

Same function. However, likely to become more important for two
reasons:
1) Market share of electric vehicles will be significantly higher;
2) EVs could become important assets for flexibility services providers.

Will have an increased broker position and will have more influence
in the network.

Consumer/ prosumer Several possibilities emerged:
1) This actor could become more self-supportive;
2) The reciprocal interactions between consumers/prosumers are likely

to increase;
3) Their function is likely to shift more to the current function of

suppliers and producers;
Hence, they will be able to compete with suppliers and producers for
supplying electricity.

Will have a more influential position due to an increase in various
interactions. However, they will still depend on suppliers and
producers, so their current function will not change as radically as
some may suggest.

Data facilitator Two optional shifts are expected:
1) The data facilitator could become obsolete;
2) They could become responsible for the taxing of peer-to-peer trading

(for making use of the grid) and could become the main responsible
party for supervising all fiscal aspects concerning LEMs

Will still be important as an intermediary and will remain a relatively
influential and important node.

Distribution system operator Again, there are several options:
1) The distribution system operator could become (jointly) responsible

for the balancing of the local grid (the LEMs) while the transmission
system operator will remain responsible for the national grid.

2) Blockchain could replace the distribution system operator for
congestion management and automate flexibility services by
automatically connecting local aggregators (e.g. EVs or home
batteries) to each other. Consequently, the distribution system
operator could become responsible for the management and
supervision of blockchain development.

Will have a decreased position as an intermediary and decreased
influential position, yet these values will still be relatively high.

Market operator No radical shift is expected, but its focus could shift towards local markets.
It could for example provide a platform that could connect the consumer/
prosumer to directly access the wholesale market.

Will become more influential and more important as an intermediary
because in its future function it is likely to be more open to other
actors willing to trade electricity.

Metering company The function of the metering company could shift towards service
provision of the advanced smart meters/plugs to the consumers/
prosumers.

Will have a substantially weaker intermediary position yet will still
be relatively important.

Producer Not much change is expected, as producers will still be important in times
of local energy scarcity. However, the demand for producers will be less
high and less frequent due to increased self-sufficiency of con-/prosumers.

Will drop in intermediary position and importance, yet negligible.

Supplier Three different possibilities:
1) They will become obsolete: electricity could be bought directly from

producers via a blockchain enabled trading platform;
2) Their roles will intertwine with the current role of the aggregator (and

possibly the balance responsible party/trader);
3) Suppliers will still be needed in case of local electricity shortages.

Will have a decreased intermediary position yet will have same the
level of influence.

Transmission system
operator

Two options came forward:
1) Transmission system operators will still be essential in the future,

since the trans-European transmission will still be required in this
scenario. However, the amount of electricity could decrease;

2) The functions of the transmission system operator and the distribution
system operator could become more intertwined (distribution system
operators could become responsible for balancing the local grids)

Will increase in intermediary position yet will be less important due
to decreased use of the transmission grid.
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developments of the Dutch energy system were mapped from its early
years of existence 1960 till 2004 [66].

As Fig. 4 shows, the number of actors in the current and future
electricity system increases considerably, and their interconnectedness
increases likewise. Since the current system has more actors and in-
terrelationships, there is more mutual interdependence between system
actors than in the 1990s. As the socio-technical analysis in Section 4.1
pointed out, various novel functions have come into existence only in
the 1990s and early 00 s and are therefore considered new. One of the
general outcomes of this study is that the implementation of a radical
niche technology, such as blockchain, is likely to have a difficult time in
being translated to practices in the electricity system. The unbundling
and liberalization in the 90 s thus seem to have created a more complex
landscape with scattered responsibilities and ongoing evolving func-
tions. Consequently, the rise in the number of actors in the current
system poses challenges to the adoption and implementation of block-
chain in the electricity system as more actors will need to adopt and
implement blockchain than in a system with fewer actors. As for the
potential future electricity system, the pathway that came forward in
our analysis is displayed in Fig. 4. The last system depicts the actor
configuration that has come forward by means of the qualitative and
the quantitative SNA performed in this chapter. It depicts a system in
which several functions are intertwined with each other, hence de-
picting a more ‘homogenous’ system including more hybrid actors. Due
to the homogenous nature of this system, it is possible that deviations
from the depicted system will occur in the future, since different
combinations of functions could constitute the future system.

5. Discussion and conclusion

Over the years, transition studies have focused strongly on the
disruptive power of ‘typical green technologies’ on the existing elec-
tricity system. Meanwhile, the role of digital technologies in the energy
transition did not receive much attention. The main contribution of our
research is that it adds to the existing transition studies by providing
more insight in the effect of a disruptive digital technology, blockchain,
on the energy transition. By focusing on how blockchain can influence
the actor configuration in the Dutch electricity system this article goes
beyond pure technological focus and its limitations [67]. Our results
indicate that the influence of the blockchain technology on the func-
tions within an existing system can be significant, yet it is not likely to
be as disruptive and decentralizing as may be suggested in the mass
media. The results showed that many functions are likely to remain and
that new central authorities may be formed, such as the blockchain
operator. This research therefore sheds a new light on the ongoing
discussion about the potential of blockchain to disrupt and reshape the
electricity system. It provides evidence that it is unlikely for blockchain
to lead to the full abolition of intermediary actors within the electricity
system since intermediary actors are likely to either remain necessary

or to see their current functions change.
Furthermore, since our study showed that blockchain could lead to

the formation of novel functions with a central authority position (i.e. a
central blockchain operator), this research offers a new perspective to
the potential of blockchain for all electricity system actors. In future
literature, we feel that it is fair to say that blockchain should be con-
sidered as a technology that opens opportunities for all system actors to
reconsider their existing roles rather than as a technology that threatens
them. Moreover, an important conclusion that can be drawn from our
results is that, despite the high expectations of people of blockchain’s
ability to lead to optimize transaction processes and create a more ef-
ficient system, it is not a panacea. It could even lead to new problems,
such as centralization of power around blockchain operator.

Our research adds to the work of Geels and Verbong (2007) as it
provides an update of the current Dutch electricity system by showing
that the electricity system is still in flux ten years after the publication
of their article. Our article points out that the emergence of distributed
generation, the increasing demand for electricity and the rise of digi-
talization are putting pressure on the current electricity system,
creating an electricity system in transition. Lastly, the combined use of
a transition lens with a social network analysis as an analytical ap-
proach in this study contributes to the further development of the
transition study field, since the approach can be used for future studies
to investigate the expected influence of new technologies on the actor
configuration within a system. Combining the connectionist view with
the structuralist view hereby offers added value as it enables a complete
approach to analyze the networks of actors within a socio-technical
system.

It is important to clarify that in this explorative exercise we in-
vestigated one of many possible futures where several combinations of
functions are possible. Still this one possible future pathway showed
that various variations of configurations could arise, indicating the
exploratory nature of this research. Furthermore, although substantial
insights have been gained, it is fair to notice that various topics have
been left untouched in this research. For that reason, in future research
it could be interesting to study:

• The specific influence of certain function combinations on the actor
configuration;
• The influence of blockchain on the tasks and functions of super-
visory bodies in the future;
• The feasibility and the affordability of a blockchain-based peer-to-
peer electricity system.
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