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A B S T R A C T

Current electricity grids do not fit the needs and challenges of the 21st century, such as the need to transition to
renewable energy sources and the variability in power supply concomitant with such energy sources. In this
context, smart electricity grids have been proposed as a solution. A large number of pilots and experiments have
been set up, but a key challenge remains how to upscale them. Upscaling is critically important to enable a wide-
scale integration of renewable energy sources. This paper mobilises literature on the strategic management of
experimental niches to explore the upscaling of smart grids in the Netherlands. On the basis of existing literature,
a typology of four different patterns of upscaling is proposed: growing, replication, accumulation, and trans-
formation. The relevance of this typology to understanding upscaling of smart grids is explored in a comparative
qualitative case study design. On this basis we argue that the building of broad and deep social networks is
important for growing and replication; articulating and sharing expectations is important for replication; and
broad and reflexive learning processes are critical to transformation and replication. The paper concludes by
arguing that these findings can provide important guidelines for future energy innovation policies.

1. Introduction

The idea of the traditional power grid is to deliver electricity from a
few central generators to a large number of consumers (Fang et al.,
2012). However, these hierarchically and centrally controlled power
grids do not fit the needs and challenges of the 21st century (Güngör
et al., 2011). Especially the large-scale introduction of renewable en-
ergy sources (e.g. wind and solar) into the grid, leading to fluctuating
production, the increase of local energy production resulting in multi-
directional flows of electricity, and new increased loads (e.g. from
electric vehicles and heat pumps) are great challenges for the current
electricity grid (Verbong et al., 2013). A new concept of next generation
electric power system has emerged, namely the so-called ‘smart grid’,
which can be defined as “a system that includes a variety of operational
and energy measures including smart meters, smart appliances, renewable
energy resources, and energy efficiency resources” (Federal Energy
Regulatory Commision, 2008, p. 17). In such an integrated system,
information and communication technologies (ICTs) provide commu-
nication capabilities absent in traditional power grids. Smart grids are
believed to increase the electric power quality and reliability, reduce
greenhouse gas emissions, facilitate the expanded deployment of re-
newable energy, and provide cost reductions for all users along the

energy value chain (Fang et al., 2012; Güngör et al., 2011; Schwister
and Fiedler, 2015; Verbong et al., 2013).

Smart grids are a central element in European energy policies. For
instance, in 2009 the European Commission established a Smart Grid
Task Force to help shape EU smart grid policies and smart grids have
received substantial support in European funding programs
(Mosannenzadeh et al., 2017). As one of the EU member states, the
Netherlands early on acknowledged that smart grids are to play a
crucial role in energy transitions (CE Delft and KEMA, 2012; Taskforce
Intelligente Netten, 2010), and initiated several programmes to ex-
periment with smart girds. One of these programmes is the Innovation
Programme Smart Grids (IPIN), which was established in 2009 by the
Netherlands Enterprise Agency (RVO) and commissioned by the Min-
istry of Economic Affairs. The aim of the programme is to accelerate the
diffusion of smart grids in the Netherlands (RVO, 2015a; Taskforce
Intelligente Netten, 2010). Sixteen million euro was made available for
this programme and since 2012, a total of 12 smart grid pilot projects
have become part of this programme (RVO, 2011a). In September 2015
the IPIN finished. Most pilot projects had demonstrated positive techno-
economic evaluations. For example, a pilot project in the island of Texel
showed that households saved on average 5.1% on electricity and
10.3% on gas during the trial period (Hobbel and Rienks, 2016; RVO,
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2015b). Another project, the ‘Powermatching City’ pilot, showed that
the benefits of smart grids for the Dutch consumer market could amount
to as much as € 3.5 billion (DNV GL, 2015; RVO, 2015c).

However, despite such promising techno-economic performances of
smart grids, a widespread transition to smart grids has not yet happened
in the Netherlands. Innovation studies literature has indeed long re-
cognised that techno-economic performances are important but not
sufficient for successful diffusion or upscaling. For this reason, this
paper is concerned with understanding the socio-institutional chal-
lenges of the transition towards smart grids. In doing so, this paper
develops and tests an analytical typology of upscaling on the basis of
socio-technical transition theory, and in particular strategic niche
management (Kemp et al., 1998; Van der Laak et al., 2007). Hence, the
contribution of this paper is not only empirical and policy-relevant, but
also conceptual in developing a framework that can be useful for future
research on upscaling of sustainable innovations. Despite a few notable
exceptions (e.g. Jolly et al., 2012; Seyfang and Longhurst, 2015), little
is known about how experiments scale up and which processes are
important for the upscaling of experiments. The research question of
this paper is: How and why have smart grid experiments of the Innovation
Programme Smart Grids scaled up in different ways?

The remaining part of this paper is structured as follows. Section 2
reviews relevant literature and develops a theoretical framework for
analysis. Section 3 discusses the methodology. Section 4 presents results
and Section 5 compares across cases. Section 6 concludes and provides
suggestions for further work along the lines of the analytical framework
provided in this paper.

2. Upscaling smart grid experiments: a typology

Smart grid experimentation occurs in the context of wider sustain-
ability transitions in the energy system. A transition can be defined as
“a society-wide change that involves fundamental and interrelated changes
in technology, organisation, institutions and culture” (Van den Bergh and
Kemp, 2006, p. 1). Hence, transitions do not only require new tech-
nologies, but changes also occur in elements such as regulations, user
practices, infrastructure, and symbolic meaning (Geels, 2002). To get a
better understanding of the complex dynamics of transitions the Multi-
Level Perspective (MLP) has been developed (Geels, 2002). The MLP
framework builds upon evolutionary and social constructivist ap-
proaches to innovation and distinguishes three levels: niche, regime and
landscape. There is a nested hierarchy between these layers, which
means that regimes are embedded within landscapes and niches within
regimes.

The MLP has been elaborated in more detail elsewhere (Rip and
Kemp, 1998). The focal level of the MLP is the socio-technical regime,
which refers to the incumbent socio-technical configurations and
dominant way of realising a societal function (Smith et al., 2010). Re-
gimes usually change incrementally, but more radical innovations can
take place at the niche level. Niches are protective spaces that shield
radical innovations from too harsh selection pressures in the regime,
such as fierce price competition (Geels and Schot, 2007; Smith and
Raven, 2012). Niche innovations are initially unstable socio-technical
configurations with lower performance and are more expensive. In this
way niches provide space for learning processes and building support
for the innovation. Finally, the landscape level refers to the exogenous
context of a socio-technical system. Landscape changes usually take
place slowly and may end up taking decades, and are behind the direct
influence of niche and regime actors (Geels, 2004).

The Strategic Niche Management (SNM) approach has been devel-
oped to further understand and govern processes of niche creation
(Schot and Geels, 2008). SNM is not a simple technology push approach
– which would argue that a focus on technical designs suffices. Sus-
tainable development requires interrelated social and technical change.
Thus, in niches not only the technological design, but also (new) in-
stitutions can be tested and developed. SNM distinguishes three critical

processes that are important for successful development of a niche:
social network building, articulation of visions and expectations, and
learning processes. A key aspect of strategically managed niches is to
design socio-technical experiments in such a way that they contribute
positively to these three processes. Experiments can be defined as:
“inclusive, practice-based and challenge-led initiatives designed to promote
system innovation through social learning under conditions of uncertainty
and ambiguity” (Sengers et al., 2016).

In the early phases of an innovation, the network of actors involved
with the innovation in question is often fragile. Actors’ commitments to
the niche are at this point limited, because actors do not yet have vested
interest and withdrawal does not result in large losses. Experimentation
in projects brings new actors together and new social networks emerge
(Raven, 2005). A social network is important to create support for the
technology, facilitate interactions between stakeholders and provide
necessary resources. Social network building contributes to niche de-
velopment when, first of all, the network is broad, meaning that mul-
tiple actor types (firms, users, policy makers, academics, entrepreneurs,
scientists, etc.) are included. The inclusive character of social networks
is important, as multiple kinds of stakeholders facilitate the articulation
of multiple, potentially conflicting views. Second, a network con-
tributes to niche development when the network is deep, which means
that actors should be able to mobilise commitments and resources
within the networks (Schot and Geels, 2008). Large firms that support
the incumbent technology often have enough resources to support the
niche. However, these firms may slow down the development, because
of vested interests in the incumbent technology.

Actors participate in experiments on the basis of visions and ex-
pectations, which provide legitimacy to invest time and money in a
technology that does not yet have market value. Particularly when the
technology is still in its early developments, expectation articulation is
important to attract attention, resources and new actors (Schot and
Geels, 2008). Furthermore, expectations provide direction to learning
processes and contribute to successful development of the innovation
when they are robust, which means that they are shared by many actors
– the power of expectations increases when they are shared between
people (Van Lente, 1993). Expectations also contribute to niche de-
velopment when they are substantiated by tangible results from ex-
periments. When more experiments, research reports, experts, and
specialists support the actors’ expectations, the quality of the expecta-
tion increases (Hoogma et al., 2002).

Learning processes are crucial because they enable adjustment of the
technology and societal embedding to facilitate diffusion. A good
learning process is broad, which means that it is not only directed to the
accumulation of data and facts, but also focuses on the alignment be-
tween the technical (e.g. technology, infrastructure, and industrial de-
velopment), and the social (e.g. user context, regulation, societal im-
pact) (Van der Laak et al., 2007). Furthermore, a good learning process
is reflexive (second-order learning) which means that there is will-
ingness to change direction if the technology does not match the un-
derlying assumptions. This means that learning is not just about in-
strumental learning about technological solutions, but also concerns
learning about underlying assumptions and values; it is about changing
the frame of reference and ways of looking at problems or solutions
(Byrne, 2009).

These SNM processes are not isolated, but they interact with and
influence each other (Geels and Raven, 2006; Raven and Geels, 2010).
Nevertheless, niche innovations are rarely able to transform an estab-
lished regime without broader forces and processes. Transitions come
about through interactions between the three levels of the MLP: niches
build up internal momentum, landscape changes put pressure on the
regime and the regime gets destabilised and windows of opportunity are
created for the niche innovations (Schot and Geels, 2008). When the
key internal niche-development processes are present in the niches and
when niches experience favourable external conditions in the regimes
and landscapes, niche innovations can diffuse more widely into society
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(Seyfang and Longhurst, 2015). This means that the internal processes
in the niche are important, but that they are not the only pre-condition
for transitions (Van der Laak et al., 2007).

Based on previous SNM studies, we propose a typology of patterns
through which experiments can scale-up and diffuse innovative solu-
tions. Upscaling of experiments is important: when activities increase,
experiments can add to an emerging field at the ‘global’ niche level
(Fig. 1). When local experiments are compared and lessons aggregated,
the rules at the global niche level become more articulated, stable and
specific (Schot and Geels, 2008). This increases the potential of the
niche to influence the current regime and eventually achieve a transi-
tion.

We distinguish the following upscaling patterns. Growing refers to a
dynamic in which an experiment continues and more actors participate
in the experiment or market demand increases – the experiment grows
in size or activity. Replication takes place when the main concept of an
experiment is used in other locations. When the experiment is re-
plicated in other geographical locations or contexts, (local) knowledge
of the initial experiments can be used in other locations. Accumulation
means that an experiment gets linked to other experiments. In this
process, intermediary organisations play a key role in facilitating in-
teraction between experiments that exist simultaneously (Hargreaves
et al., 2013; Kivimaa, 2014). This is important because when the lessons
learned in experiments at different locations are compared and ag-
gregated, the experiments can contribute to a more stable technological
trajectory at the global niche level (Geels and Deuten, 2006). The last
pattern we propose is transformation. This pattern does not refer to
geographical or physical scaling but refers to the levels in the MLP
(Raven et al., 2010). It means that the experiment shapes wider

institutional change in the regime selection environment (Smith and
Raven, 2012). Table 1 provides descriptions, a case example and se-
lected literature references for each pattern.

In the next section, we discuss the research design to use this ty-
pology for empirical research on scaling up smart grids in the
Netherlands.

3. Methodology

The research design uses a multiple-case study approach in combi-
nation with a qualitative data collection strategy. An explorative
grounded theory design was chosen (Glaser and Strauss, 1967). This
means that empirical data from the cases was collected, with the initial
framework of upscaling derived from the literature review acting as a
focus device, and then compared against each other, to explore and
eventually refine the typology. To ensure internal validity of the qua-
litative research, we used three tactics proposed by Yin (2003): 1) In-
terview data was compared with secondary data, which means that
multiple sources of evidence have been used; 2) the researchers es-
tablished a chain of evidence by deriving interview questions from the
conceptual framework, recording the interviews, and using citations
from interviews in the analysis and conceptual interpretations; and 3)
draft reports have been sent back to respondents to determine whether
raw data was rightly interpreted.

Four IPIN experiments were selected for in-depth analysis (Table 2)
on the basis of three criteria. Firstly, to allow comparability, only smart
grid experiments concerning households were included in the sample.
Secondly, the sample included both smart grid experiments that sub-
stantially scaled up and experiments that featured only limited

Fig. 1. Patterns of upscaling and the emerging
technological trajectory (adapted from Geels and
Raven (2006)).

Table 1
Patterns of upscaling (based on previous studies).

Pattern of upscaling Description Example from our case studies Selected literature reference

1. Growing The experiment continues and more actors
participate, or the scale at which technologies are
used increases

PowerMatching city is growing and has the goal to scale up
the pilot to 500 households

Jolly (2010), Jolly et al. (2012) and
Seyfang and Longhurst (2015)

2. Replication The main concept of the experiment is replicated in
other locations or contexts

Your Energy Moment Zwolle is replicated in Breda Jolly (2010), Jolly et al. (2012) and
Seyfang and Longhurst (2015)

3. Accumulation Experiments are linked to other initiatives PowerMatching City Groningen is joining the Green Deal:
Smart Energy Cities, in which it is linked to other
experiments

Geels and Deuten (2006), Hargreaves
et al. (2013) and Kivimaa (2014)

4. Transformation The experiment shapes wider institutional change
in the regime selection environment

PowerMatching City Groningen and Your Energy Moment
Zwolle played a crucial role in achieving institutional
change

Geels (2004), Raven et al. (2010) and
Smith and Raven (2012)
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upscaling. Thirdly, the sample included smart grid experiments that
were expected to scale up in different ways to identify whether different
patterns of upscaling require different conditions in terms of SNM
processes. For each case an individual case description and analysis was
written. After the individual reports, the cases were compared with
each other and cross-case patterns were identified in an iterative pro-
cess (Yin, 2003).

Data collection took place between December 2015 and April 2016.
Data about the experiments was collected through semi-structured in-
terviews with project partners and analysis of project documents (e.g.
project plans, evaluation reports, project presentations, and factsheets).
A total of twelve interviews were held with project stakeholders, and
three additional interviews were conducted with two different em-
ployees of RVO and one person from the ministry of Economic Affairs,
who were all closely involved in the management of the innovation
programme. These interviews resulted in additional insights about the
goals, expectations and results of the IPIN, which were used as back-
ground information for the research. Additionally, two other Dutch
smart grid professionals were interviewed (Fig. 2). With professionals,
we mean individuals who in their daily work are frequently involved
with smart grid developments, including their technical development,
policy support and field testing. Also two smart energy congresses were
visited during the research period. A generic semi-structured interview
was used, which means that the researchers used a guide with topics
and fairly specific questions (Bryman, 2008). Appendix A shows the
semi-structured interview script that was used for the interviews with
the project stakeholders. Questions did not always follow exactly the
order in the way outlined in the schedule, and interviewees had a
leeway in how to reply during semi-structured interviews (Bryman,
2008). In this way, it was also possible for the researchers to ask other
relevant questions when appropriate.

For data analysis we used similar procedures as described by
Seyfang and Longhurst (2015). Interviews were recorded and tran-
scribed. Subsequently, project documents and the interview

transcriptions were coded. First, the patterns of upscaling for each ex-
periment were determined. Table 3 gives an overview of indicators that
were used to determine the upscaling performance of the experiments.
The values for upscaling were assigned using a three-point scale: no
upscaling (-), low upscaling (+), and high upscaling performance (+
+).

Second, the processes and activities that took place in the individual
experiments were analysed. In the first place, clearly irrelevant data
were not labelled and excluded for further analysis. Thereafter, an open
coding strategy was used in order to identify the full range of ex-
planations for upscaling. However, right from the beginning SNM
concepts were used as sensitizing concepts to direct the analysis,
meaning that raw data was compared with the theoretical background
discussed in the theory section. The concepts gave a sense of reference
and direction along which to look as they gave an idea of important
aspects that might be relevant to understand and interpret upscaling
dynamics (Blumer, 1954). Appendix B gives a brief overview of how
interview segments were coded. Based on our interpretation of the
qualitative data, we scored the SNM processes by using a five-point
scale. Table 4 gives an overview of how values were assigned to the
indicators, and Textbox 1 gives an extract of how qualitative data from
(interview) texts were interpreted and rated by the researchers. The
scoring is a relative ranking. Hence, these numbers represent the re-
lative differences between the cases rather than representing absolute
values. This scoring is meant to support and communicate the inter-
pretative analysis of the material rather than being input into statistical
analysis or other quantitative techniques. As such the table allows
readers to quickly see the relative differences between the cases in
terms of processes relevant to understanding upscaling performance.
We do not claim objectivity, but use the scores as communicational
devices.

Finally, after the individual case analyses, cases were compared
with each other. A summary table with the cases and their ratings on
the concepts and upscaling performance was created, which formed the
basis for cross-case pattern matching and interpretation.

4. Results

4.1. Your Energy Moment (Zwolle)

In 2012 Enexis (grid operator) initiated the experiment Your Energy
Moment (YEM) in Zwolle. The experiment was set up to gain more
experience in a real-life environment with technical, economic and
social options for creating flexibility and increased sustainability in
energy consumption (RVO, 2011b). Households received several smart
technologies, such as smart meters, home energy management systems
(HEMSs), smart washing machines and dryers, and solar panels (Enexis,
2014). EV charging stations were placed in the neighbourhood, and
dynamic pricing was used to provide economic incentives to consumers.
The project consortium consisted of five other partners: SWZ (housing
association), Eneco (energy supplier), CGI (ICT consultancy firm),
Flexicontrol (product and service supplier), and Eindhoven University
of Technology (TU/e).

The experiment expanded through several phases. In 2012 the ex-
periment started with about 100 households; at the end of 2015 almost
200 households participated. Furthermore, the pilot has been replicated
in Breda. In Breda, mainly the same technologies are used as in Zwolle,
but heat pumps were added to the configuration. Moreover, an apart-
ment block became part of the experiment. Several elements of the
original experiment in Zwolle, such as particular technologies and
concepts are replicated elsewhere, and further developed in other ex-
periments (rather than replication of entire experiments). Therefore,
replication performance was ranked high. YEM Zwolle did not become
part of other innovation programmes or smart energy initiatives, and
thus no accumulation and aggregation through other innovation pro-
grammes than the IPIN took place. According to the interviewees the

Table 2
Selected experiments (cases) for the analyses.

Name Location/City Duration

1. Your Energy Moment Zwolle 2012–2016
2. Cloud Power Texel Texel 2012–2014
3. PowerMatching City (II) Groningen 2011–2015
4. Smart Grids in Sustainable Lochem Lochem 2012–2015

Fig. 2. Overview of conducted interviews.
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experiment played a crucial role in achieving institutional change
(transformation). The experiment led to a cognitive change in thinking
about the energy system by the energy suppliers, grid operators, tech-
nology firms, and users. Furthermore, the experiment was chosen as
support project of the European Electricity Grid Initiative (EEGI).
However, to achieve a change in institutions one interviewee men-
tioned that it is also important to collaborate with firms from other

experiments. As one interviewee said:

“It is not just this project. Actually it is a combination of the
projects that results in transformation. You can see it as separate
projects that together ‘complete the puzzle’.” (#1)

Internal niche processes were well managed in the YEM Zwolle
pilot. Different types of partners joined the experiment and as such the

Table 3
Indicators for upscaling performance.

Pattern of upscaling No upscaling Low upscaling High upscaling

Growing No growth of the experiment (-) Small (less than doubled) growth of the experiment (+) Experiment at least doubled in size (participants)
and/or activities (++)

Replication No replication of the experiment
(-)

Experiment is replicated once (+) Experiment is replicated several times (++)

Accumulation No accumulation (-) Experiment is active in at least one experimental programme,
next to the IPIN (+)

Experiment is active in more experimental
programmes (++)

Transformation Experiment did not result in
institutional change (-)

Experiment is mentioned by the interviewees to be
instrumental to institutional change (regulative, normative,
cognitive) (+)

Experiment is mentioned by the interviewees to be
the key-driver to institutional change (++)

Table 4
Indicators and values for the concepts of the theoretical model.

Process Indicator Description No – Yes

1. Social network building Broad The network consists of actors from different domains 1 2 3 4 5
Deep Resource commitment of the members is high 1 2 3 4 5

2. Articulation of visions and expectations Articulation Expectations are clearly articulated between the members 1 2 3 4 5
Robustness Expectations are shared by the members 1 2 3 4 5
High Quality Expectations are substantiated by on-going experiments, researches, and experts 1 2 3 4 5

3. Learning Processes Broad Learning took place on several dimensions 1 2 3 4 5
Reflexive Assumptions about the underlying problem definition, function or desirability of a smart grid are

questioned
1 2 3 4 5

Textbox 1: scoring extract

CASE A

“We said on purpose, let's do this project just with partners from industry. So, there was no involvement of public organisations or a
research organisation because we think the market should take the lead.”

(Social network broadness: 1)

“Learning was particularly of technical nature, as more technologies and services had to be developed than thought beforehand […] So,
although firm X conducted a survey about user preferences, most learning was on the technological dimension […] Learning about eco-
nomic models was also less successful, as the system was not working properly.” (Broadness of learning processes: 2)

CASE B

“We had a very good mix […] there was involvement of an IT company, a small supplier of consumer products […] University X conducted
some research of both technical and social nature […] The grid operator and energy supplier were involved, as they are responsible for
energy supply in this area. […] And the municipality conducted some lobby activities to participate in a national energy programme.”

(Social network broadness: 5)

“We really learned on a lot. The grid operator learned how their network reacted on such a concept and developed some technical and
financial models for smart energy systems […] University X developed demand response models, and research organisation Y developed a
new flexibility protocol and did research about user preferences […] Firm Y tested the roll out of sensory. […] Furthermore, several
legislative barriers were identified.” (Broadness of learning processes: 5)

EXPLANATION:
In Case A only firms from industry were involved. Besides that, learning was especially of technical nature. However, some research about
users was conducted and they tried to learn on the economical dimension. Therefore, social network broadness is rated with a 1, and
broadness of learning processes is rated with a 2. In Case B actors with multiple backgrounds joined the project, both small and large, and
regime outsiders and firms from the established energy regime. Furthermore, learning was broad as it took place on multiple dimensions
(technical, social, economic, regulative). Therefore, network broadness and broadness of learning processes were interpreted as high and
both rated with a 5.
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social network was ranked as rather broad. Large incumbent regime
companies were involved, as well as a large ICT consultancy company,
a small entrepreneurial firm supplying products and services for energy
management, academics and researchers, and a housing association.
One interviewee confirmed the necessity of a broad network:

“By setting up pilots with multiple partners, the different interest
had already been taken into account during the design of the pilot,
which makes it more likely that the design of the experiment is
interesting for everyone when it ends.” (#3)

At the beginning of the experiment, clear agreements had been
made about the resources every partner committed to the experiment.
Moreover, some partners were prepared to invest additional money,
indicating high levels of commitment (Enexis, 2014). Furthermore,
Enexis received additional public support for the experiment in Breda.
Hence, enough resources were available, and therefore the social net-
work was ranked as quite deep.

The experiment had a clear target: establish a technical working
system, and test whether and how consumers can be influenced to use
energy at the ‘right’ moments. Partners had their own expectations to
participate in the experiment. However, because they clearly articulated
their expectations in regular meetings everyone could meet their own
expectations. As one interviewee argued:

“I think it has been very good that in the beginning a lot of time has
been used to see what the various interests of partners were […]
Eventually, the partners understood and respected each other,
which resulted in a great cooperation.” (#2)

The experiment resulted in overall shared and positive expectations.
Most partners decided to continue with the pilot and expand activities
elsewhere. Although some firms faced difficulty in finding a market for
their products and establishing positive business models, the partici-
pating firms gained market visibility. So, the YEM Zwolle experiment
contributed to the development of a relatively robust (positive) ex-
pectation about smart grids. The quality of expectations also increased
through the experiment, which provided tangible evidence of success to
them. Furthermore, other Dutch smart grid experiments played a role in
shaping and supporting these expectations:

“Also other projects shape these expectations […] For example, we
also participated in the PowerMatching City pilot, and we compare
those results with the pilot in Zwolle”. (#1)

Learning took place on several dimensions. Especially, a lot of
learning on the social dimension occurred. Researchers from TU/e and
Enexis conducted research about user behaviour. The most important
result was that people shifted their energy consumption, by using
(smart) appliances, to moments when more energy was available.
Furthermore, they learned that standardization is needed for smart
energy products, as most products are not compatible with each other.
Another important lesson from the pilot was that it is essential to en-
thuse consumers and involve them in product and service development:

“It is essential to involve the users, as energy is a low interest
product […] By involving them right from the beginning, attractive
and understandable products and interfaces can be created.” (#2)

The research outcomes resulted in the publication of at least ten
scientific papers, and some articles in newspapers and journals (Enexis,
2014). Technology firms learned how to set up smart energy and home
automation systems, and Eneco learned how to set up a billing system.
Moreover, partners gained experience with the preparation of market
models, and lessons about regulatory changes were learned. Overall, it
can be concluded that learning was very broad. These lessons were ac-
knowledged to be important for upscaling:

“The knowledge and experiences gained within the project are of
great value for the realization of future smart grid projects.” (#2)

Learning also occurred about the functioning of the smart grid.
During the pilot consumers could chose a cost-conscious or a sustain-
able profile. To the surprise of the participating partners, almost every
consumer chose a cost-conscious over a sustainable profile – challen-
ging some of the underlying assumptions of the experiment (reflexive
learning). One interviewee said:

“I was really surprised that as many as 80–90% of the households
preferred a cost-conscious profile over a sustainable profile.” (#1)

Another unexpected result (according to the interviewees) was that
consumers preferred to start the washing machines themselves (by
using ‘common sense’) and that people were limitedly interested in the
use of smart appliances.

4.2. Cloud Power Texel

Texel municipality wants to become energy self-sufficient in 2020
by using sustainable energy (RVO, 2011c). In this context, Texel En-
ergy, a local energy cooperative, initiated the experiment Cloud Power
Texel, which involved 300 households. The Cloud Power concept is
developed by Capgemini (consultancy firm) and facilitates local energy
communities to tune their energy demand based on the available local
energy supply by using dynamic pricing (Capgemini, 2012). Capgemini
and Texel Energy collaborated with Alliander (network operator) and
two suppliers, Quby and Siemens (RVO, 2015b). The main goal of the
experiment was to examine how a self-sufficient community could
function and how its energy flows can be monitored and accounted for.

Although the goal of the municipality is to become entirely self-
sufficient in 2020, no growth of the experiment has taken place yet on
Texel. The experiment is also not replicated in other areas. However,
Cloud Power Concept proved its value and Capgemini is looking for
other places (outside the Netherlands) to implement this concept
(Capgemini, 2012). The experiment did also not become part of other
innovation programmes nor has it been coupled to other experiments.
This means no accumulation and aggregation by other innovation pro-
grammes has taken place. Although no physical upscaling has been
realised yet, the experiment resulted in some small institutional
changes. Interviewees indicated that results of the experiment shaped
ways of thinking about energy use and supply amongst participating
consumers and firms. Furthermore, the identified legislative barriers in
this experiment contributed to a change in regulation. However, in-
terviewees acknowledged that such change is (often) not the result of
one experiment and that sharing of experiences, collaboration, and
lobbying with several initiatives is needed to achieve this.

Regarding the management of niche processes, the social network
was not very broad. Mainly actors from industry were included, but no
actors from research institutes or universities. Also involvement of
other energy suppliers that are active on Texel was limited, and they
did not want to work together. Another point mentioned by two in-
terviewees is the importance of continuity in the network composition.
During the experiment several changes of actors in the consortium took
place. This complicated project continuation:

“It helps when no changes in the project team occur […] otherwise
you will lose momentum to go through.” (#6)

For upscaling, additional resources are needed. However, these re-
sources were not available and this was partly caused by a lack of in-
vestment power. Alliander made most investments during the experi-
ment, but they first wanted to test other concepts in different locations
before investing in a next phase of the Texel experiment. Hence, the
social network was not deep. Although the firms invested in the ex-
periment as initially agreed, the additional resources that were needed
to scale up were not available.

The partners joined the experiment with different expectations,
which were clearly articulated in weekly meetings and within a trans-
parent organisational structure. Most expectations were met and the
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experiment was of value for most partners. It demonstrated that it was
possible to better balance energy, which facilitated that the community
could become more self-sufficient. However, the experiment also
showed that it is difficult to achieve positive business cases in the
Netherlands and Capgemini does not expect to successfully sell the
concept in the Netherlands. The experiment also showed that people
became more aware of their energy use and that they were willing to
postpone their energy use to times when there is more local energy
supply and prices are lower. However, because of several technical
limitations, no hard statistical judgement could be made about energy
shifting (Hobbel and Rienks, 2016). Hence, expectations could only be
partially confirmed by tangible results.

Because expectations were articulated well among partners, an
overall positive shared expectation about smart grids emerged.
However, as one interviewee mentioned, upscaling requires different
expectations:

“For the pilot, Cloud Power Texel it was really the goal to test the
concept, how can we let it work properly. However, for upscaling
you need different goals from those you had in the initial project.”
(#5)

There was no clear vision about how to scale up and which partners
are prepared to invest resources in a next phase. Furthermore, the ab-
sence of a positive business case and lack of urgency for smart grids
decreased the will to invest in a follow-up project. Eventually, the lack
of a shared vision on how to scale up resulted in the experiment being
abandoned. As two partners stated:

“The things that we wanted to test have been tested […] therefore,
it is not interesting for us to do additional investment in the project
on Texel.” (#4)

“One of the learning points for us is to think and communicate in
an earlier phase about a how to continue […] Now, everyone has
just brought this project to a successful end, but then there was
really not a follow-up plan.” (#5)

Learning took place on several dimensions, but most learning was of
technical nature. The experiment showed that some technologies did
not function properly and other technologies were needed to create a
robust system. However, a solution was not achieved for this problem,
mainly because of a lack of resources. On the social dimension learning
was about how users interact with the HEMS and how people can be
motivated to use energy at different moments. Besides that, learning on
the regulatory dimension took place. The experiment showed that
current legislation and taxes on sustainable energy are not supportive
for smart grid concepts. Furthermore, the experiment showed that there
is need for standardization, as one interviewee mentioned:

“Standardization is just a precondition for the development of
smart grids. Beforehand we searched for a suitable standard and
then the question was: which one of the five hundred?” (#4)

Another lesson was that a common market model is needed that
dictates how flexibility can be allocated and what the roles of different
actors are in the new situation. According to the interviewees all these
lessons are crucial for scaling up an experiment:

“The lessons that have been learned are crucial in order to scale up
anyway […] When you scale up you do not start all over again, but
you take the valuable lessons with you.” (#5)

Learning was mostly of first-order nature. However, there was also
some learning about the underlying assumptions (reflexive learning) of a
smart grid. Project partners experienced that consumers were more
willing to contribute to a sustainable society than was expected be-
forehand, even when the economic savings are tiny.

4.3. PowerMatching City II (Groningen)

Between 2012 and 2015, the PowerMatching City (PMC) II experi-
ment has been running in two residential areas in Groningen. The ex-
periment was an expansion of PMC I, which was the first smart grid
experiment in the world. The experiment was initiated by DNV GL, that
formed a consortium with eight other partners: Enexis (grid operator),
TNO (research institution), Gasunie (gas infrastructure company),
Essent (energy supplier), ICT Automatisering (ICT company), Delft
University of Technology, TU/e, and the Hanze University of Applied
Science. Within the experiment several technologies like energy
monitors, CHP units, heat pumps, solar panels, EVs, and smart meters
and devices have been used. The PowerMatcher, a smart grid device,
was used to efficiently balance demand and supply between sources and
appliances in the local smart grid. To stimulate people to use energy at
other moments, dynamic pricing and two smart energy services were
developed. The main aim of the experiment was to gain experience in
attaining optimum capacity management in a smart grid, and aligning
energy services to the demands and requirements of households (RVO,
2015c).

PMC II is growing under the name PowerMatching City to the
People. The goal of PowerMatching City to the People is to scale up the
pilot to 500 households. This experiment is also part of the ‘Green Deal
Smart Energy Cities’, which aims at the use of smart energy concepts
within 100.000 buildings in the Netherlands (Consortium Green Deal
Smart Energy Cities, 2015). Eleven other experiments joined the Green
Deal, which is a form of accumulation. The experiment has been re-
plicated several times. The Smart Energy Collective (SEC) has been
established, which conducts several experiments partially based on
PMC. Furthermore, DNV GL has replicated the project concept in sev-
eral other countries, and several partial technologies and concepts are
replicated in other experiments:

“What you see is that components of PowerMatching City are
further developed in other projects. Take the PowerMatcher, which
is now also used in Denmark and in Heerhugowaard.” (#8)

Furthermore, replication within a new social network can be ob-
served. For example a new experiment is initiated in a business area in
Groningen, which is (partly) a succession of PMC (Redactie Emerce,
2016). Multiple partners from several prior experiments participate in
the new experiment and combine their knowledge, competences and
technologies to develop a new smart grid system in an industrial area.
The experiment also played a key role in achieving institutional change
(transformation), which is indicated by several prizes that PMC won.
The project had a profound impact on how people think about the
energy system and the pilot was an important incentive to initiate other
Dutch smart grid initiatives.

In terms of managing niche processes, the network was very broad.
Both incumbents and regime outsiders were involved in the pilot.
Furthermore, a lot of knowledge was available in the network, as one
research institute and three academic organisations participated. Also
the involvement of the municipality was important, as it played an
essential role in the lobbying process for joining the Green Deal. The
network was quite stable with few changes. The consortium originated
from prior collaborations, which increased trust, and let to better un-
derstandings between the partners. This means that social proximity1

was high, which is especially important for network building in early
phases of niche development (Coenen et al., 2010). During the ex-
periment, enough resources were available, and clear agreements were
made about how much time, money, and knowledge each firm should
invest. Moreover, additional subsidies became available for upscaling
and new firms were attracted, which increased resource availability.

1 Social proximity is based on friendship, kinship, or mutual experiences, and refers to
mutual trust between members (Coenen et al., 2010).
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Therefore, it can be concluded the network was very deep.
One of the successes of the experiment was that there were no

contradicting interests, because expectations were clearly articulated at
the beginning and during the pilot. Every partner could meet his goal,
and at the same time everybody contributed to the experiment. One
interviewee argued:

“It was very great that we had one goal for PowerMatching City II,
that was to show what the value of such a system is, and everybody
supported this […] So there were no conflicts of interests, which
made the concept quite strong.” (#9)

Furthermore, an overall robust (positive) expectation about smart
grids emerged. PMC I led to positive expectations about the technical
possibilities of smart grids and PMC II showed that it is possible to shift
the energy use of consumers. Moreover, PMC II showed that more
flexibility in energy demand was available in households than expected,
and benefits for the Netherlands range from 1 to 3,5 billion euros (DNV
GL, 2015). The positive outcomes of the experiments led to increased
expectations and firms developed a shared vision for follow-up ex-
periments. One interviewee emphasized the power of expectations:

“Expectations were really important to continue, with
PowerMatching City we had a worldwide ground-breaking ex-
periment, which made continuing the experiment definitely
worthwhile.” (#7)

Additional subsidies fuelled the expectations to initiate other eco-
nomic viable pilots and accelerated the upscaling process. Expectations
were of high quality because they were supported by tangible results
from the experiments, researches, and experts in the smart grid field.

In PMC I learning was mostly related to technical issues, but in PMC
II social learning played a central role. The experiment also resulted in
some new innovations, like smart scooters. Most lessons on the social
dimension were gained by end-user research conducted by the uni-
versities and Essent, and some lessons about regulation that are needed
for smart grids were learned. Several scientific publications originated
from these studies. The most important outcomes were that consumers
can be controlled by offering price incentives, and technologies offered
to consumers should be simple and transparent. Furthermore, the ex-
periment showed that users are really important for smart grid devel-
opment:

“The end-user has an extremely important role for upscaling, he or
she eventually decides whether to buy a product or to subscribe to a
service that is needed.” (#9)

Much was learned about the economic value of smart devices.
Flexibility profiles have been developed for several technologies. These
flexibility profiles have been used as input for several future energy
scenarios, and in this way the total value of flexibility in the
Netherlands was calculated. Another lesson was that it is important to
develop a market model that describes how and by whom flexibility
should be allocated.

“During the pilot it became clear that the allocation of flexibility
should be done much more formal. However, as we were already
this far we just recommended it for future pilots, and that is where
USEF2 continued.” (#7)

To achieve positive business cases, an interviewee argued for the
importance of standardization, because it will reduce costs of installing
and running smart devices and services:

All products have their own smart appliance standard, which is

modified in such a way that technologies from different vendors
are compatible in the pilot. However, outside the pilot they do not
work together, and thus consumers cannot buy compatible pro-
ducts.: (#8)

Hence, learning processes were very broad in PMC II and considered
crucial for upscaling, as one interviewee said:

“These lessons are crucial for upscaling, because you never re-
plicate a project one at one, but you take the important lessons
with you.” (#7)

During the experiment, reflexive learning also took place. It was
shown that consumers preferred the ‘smart energy saving’ service to the
‘together pleasantly sustainable’, which was not expected beforehand:

“I expected that they (the services) would be in balance. So, that
there would be more people who wanted to work ‘green’ together
and less people would ‘watch their pennies’.” (#9)

Furthermore, in the beginning users preferred the use of (auto-
mated) smart appliances. However, when they became more experi-
enced with the system it gave them more satisfaction to manually
control smart appliances. Additionally, it was shown that for the use of
smart appliances trust in the functioning of the technology is important.
When people lose trust in smart appliances it is difficult to regain it
(DNV GL, 2015).

4.4. Smart Grid in Sustainable Lochem

In 2012, the experiment Smart Grid in Sustainable Lochem started.
The experiment was initiated as a citizens’ initiative, with the aim to
stimulate the residents of Lochem to use less energy, generate their own
electricity by solar panels, and to exchange electricity between each
other (RVO, 2013). With an application that was developed during the
experiment, residents had insights in their current use and generation of
electricity. Furthermore, experiments with (smart) EV charging were
conducted (RVO, 2015d). In the context of the pilot, a consortium was
founded under the name IN4Energy. Five organisations joined this
consortium: Lochem Energie (local energy cooperative), Alliander (grid
operator), Locamation (control technology developer), Eaton Industries
(automation service and product developer) and the University of
Twente. The main goal of the pilot was to gain practical experience
with the integration of decentralised generated sustainable energy in an
existing electricity grid (Tubben, 2013). The experiment gradually grew
and eventually 163 people participated. Moreover, the scale of tech-
nologies used in the pilot increased. The experiment started with a car-
sharing concept with four EVs, which has grown to seven EVs (RVO,
2015d). Also the use of solar energy systems increased. Next to growth,
key concepts of the Lochem experiment have been replicated in another
smart grid experiment, the Houthaven project in Amsterdam. The ex-
periment in Lochem did not become part of another innovation pro-
gramme next to the IPIN and therefore no accumulation and aggregation
of knowledge took place. The experiment was mentioned to play an
instrumental role in transformation, as consumers became more aware
of energy generation and consumption and the grid operator learned
new things about the energy system. Furthermore, some legislative
barriers have been identified and shared with policymakers, which is
important to change regulative institutions.

Regarding the management of niche processes, the network was
rather broad as several types of organisations joined the pilot, including
both actors from the existing energy regime and regime outsiders. Other
partners included an organisation that represented the interests of
consumers and a research institution that brought in knowledge and
conducted research. Furthermore, interviewees mentioned close co-
operation with the municipality of Lochem. However, small en-
trepreneurial firms were mostly lacking. Moreover, communication
between partners was sometimes complicated, as firms came from

2 The Universal Smart Energy Framework (USEF) is a framework consisting of a set of
rules, role descriptions, implementation guidelines, and a market control mechanism for
decentralised energy markets, with the goal to accelerate large-scale implementation of
smart grids (Boer and Verhaegh, 2016).
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different industries that use different languages:

“When we talked about data platforms, we both seriously thought
that we were talking about the same thing. Until sometime in the
measurements, after a few months, we found out that we were
talking about two really different things.” (#12)

There were clear agreements about how much resources each
partner should invest. However, when additional investments were
needed most partners expected that the grid operator should make the
investments. Furthermore, the experiment was expensive and for up-
scaling additional resources were needed that were difficult to get.
Some parts of the experiments, like the EV sharing concept can be
scaled up as the business case is positive, but this does not apply for
most other concepts:

“This project was of course heavily subsidized […] If you cannot
get any subsidy for a follow up project than at least not all parts of
the project can be scaled up.” (#11)

In the Houthaven project, Alliander participated with several other
firms, which made additional resources from other firms available.
However, resource availability in the Lochem experiment was relatively
low, especially when the experiment ended because the consortium was
not willing to invest in a next project phase. Hence, the network cannot
be characterized as very deep.

During the experiment expectations were well articulated and
therefore it was possible for every firm to meet its expectations. Lochem
Energie increased in member size, and more than eighty people in-
stalled solar panels on their roofs and four collective solar parks have
been established. Eaton and Locamation developed and further im-
proved technologies, and gained experience with their implementation.
However, Locamation expected to install more of their sensors during
the pilot. Alliander gained knowledge about the effect of solar energy
and EVs on its network and the implementation of the (MPARE) in-
home display, and the university conducted research about user beha-
viour and improved its models.

Although everyone could meet its expectations and both project
partners and users were enthusiastic, there was a lack of a clear vision
about the future activities for the experiment in Lochem:

“We have gained a lot of insights in the technology: what happens
and how. But the next step – how to go on with each other is ex-
tremely difficult. How to continue… we really do not know. “
(#12)

At the end of the experiment it was not clear which activities from
the pilot should be scaled up and who wants to contribute to this.
Moreover, upscaling is not expected to be feasible without additional
subsidy. A lack of a robust vision for upscaling between partners was
missing. It takes a lot of time to set up a follow-up plan, because the
interests of all partners must be kept in mind. This does not mean that
the experiment will not continue in the future, as one interviewee said
they are still in the decision phase:

“That is the point where we are now, we just finished, the end re-
ports are just submitted and there is actually still no real decision
on a sequel.” (#11)

Some expectations were based on the outcome of the experiment. For
example, the success of the EV pilot fuelled the expectation for EVs and
legitimated to continue with this concept. However, as the roll-out of
technologies took more time than expected, not everything could be
tested as initially hoped for. Eventually no flexible tariffs have been
used, which made it impossible to see how users respond to such in-
centives. Furthermore, there was a lack of (experiences with) smart
technologies for in-home use. So, some but not all expectations were
substantiated by outcomes of the experiment, hence, the quality of
expectations was limited.

In the experiment the partners learned on several dimensions.

However, learning was more focussed on the technical dimension be-
cause most technologies were still underdeveloped:

“Technologically we still had to overcome a lot of challenges to at
least let the chain work.” (#12)

Locamation, Eaton, and the University of Twente learned most
about technical solutions for their products and models. Alliander
gained experience with different methods for EV charging. The most
important lesson for Alliander was that technologies were inefficiently
connected to the grid. The University of Twente conducted some re-
search about human behaviour and Lochem Energie learned about user
behaviour in workshops and meetings they organised. University re-
searches published several (scientific) publications. Additionally,
learning took place about economic models. Lochem Energie estab-
lished several business cases for collective solar parks and Alliander
conducted some economic studies in cooperation with the University of
Twente about the options and costs for grid improvement. Furthermore,
some regulative lessons were gained about barriers for the establish-
ment of collective solar parks. Also, a stress test was conducted to see to
what extent the grid could be overloaded. Other lessons were that there
is need for standardization and that there is a lack of a sense of urgency
for smart grids in the Netherlands. As one interviewee said:

“Here in the Netherlands, who cares at the moment? There is a big
gap between the people form the energy world, who have the
knowledge and realise the impact, and the big crowd who has no
idea.” (#12)

Moreover, the experiment demonstrated that more experience is
needed with market models to achieve a robust and smart energy
system in the future. It can be concluded that learning took place on
several dimensions and therefore learning processes were pretty broad.
Although, most learning was of first-order nature, also some reflexive
learning occurred. One interviewee mentioned it was surprisingly that
users were mainly driven by economic values, represented by the fol-
lowing quote:

Another outcome was that when you look at what motivates
people, you could definitely see that it clearly needs to be brought
back to finances. Eventually, it is important for the people that
they ‘experience financial benefits’.” (#11)

However, as no flexible tariffs have been used it was not possible to
learn about the effect of financial incentives on energy shifting. So,
although some reflexive learning took place, it was a relatively small
part of the pilot in Lochem.

4.5. Cross-case comparison

Table 5 presents an overview of the upscaling performance and the
rating of the individual concepts and indicators. By adding the values
assigned to each concept (per experiment) the total experiment activity
score is obtained. The total upscaling performance is obtained by counting
‘+’ values. Here it must be noted that these values are based on an
interpretation of qualitative data. As such, they are not objective as-
sessment but meant to communicate this interpretation in a stylised
way and serve as interpretative instrument to compare patterns across
cases.

By comparing the upscaling performance with the total experiment
activity, a clear relationship can be noticed – pilots with a high ex-
periment activity score have a higher upscaling performance. Based on
this analysis, we now turn to a discussion how processes shape up-
scaling and which processes are in particular important for different
patterns of upscaling.

The building of a social network is important and the findings suggest
that it is in particular important for growth and replication. As was
shown in the case of YEM Zwolle, a broad network is important to
design a successful pilot that already considers the interests of a wide
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range of actors. This ensures that the pilot is also interesting for most
stakeholders in a successive upscaling phase. Furthermore, a broad
network increases resource availability and the potential for innovation
and learning. YEM Zwolle and PMC show that the involvement of small
entrepreneurial firms is especially important for innovative in-home
solutions. Next to a broad network, PMC shows that continuity in the
project network is important as this increases trust between partners,
which is crucial for a sequel. Growth and replication require additional
resources, making a deep network crucial. In the Lochem and Texel
pilot, there was a lack of resources for upscaling, but in PMC and YEM
Zwolle partners were prepared to invest in an upscaling phase. Besides
that, PMC and YEM Zwolle received additional subsidies for a sequel
and in an upscaling phase their social network expanded, which also
increases resource availability.

Articulation of expectations is crucial in upscaling. The findings
suggest that they are especially important in terms of contributing to
replication. The cases show that articulation of expectations is important
for different partners to understand and respect each other's interests,
which increases the potential for partners to meet their initial ex-
pectations. However, another finding is that the articulation of ex-
pectations is not sufficient for upscaling. In order to scale up it is im-
portant that a robust expectation emerges between partners. This was
the case for YEM Zwolle and PMC, because in both experiments a re-
latively positive expectation about smart grids arose that was shared
between project partners. Shared acceptance of these expectations
provide legitimacy for actors to invest time and effort into experiments
and in this way firms can create a constituency and shared vision for
upscaling. Furthermore, the communication of positive expectations
outside the experiment is important to attract new partners in a re-
plication phase. There are several ways to diffuse expectations (e.g. by
publications, demonstrations, media attention.). So, articulation of ex-
pectations and social network building are interrelated, which corre-
sponds with earlier SNM findings (Geels and Raven, 2006; Raven and
Geels, 2010).

Learning processes are essential in upscaling and in particular for
transformation and replication. Learning processes can reduce costs and
are important for replication because a new experiment is never set up
in exactly the same way as the initial experiment – a new smart grid
experiment will be adapted to the lessons that have been learned in
prior experiments. For example, YEM Breda uses several concepts that
have been used in YEM Zwolle, but additionally, some concepts have
been further developed and some new technologies are used. This
corresponds with findings of Hoogma et al. (2002), who showed that in
an ideal situation, experiments produce results, actors learn from this
results, and make adjustments to improve technology or societal

imbedding. Second-order learning is especially important to achieve
institutional change as it involves the questioning of the underlying
assumptions and desirability of a smart grid. The outcomes of such a
reflexive learning process can lead to a change in institutions. For ex-
ample, YEM and PMC showed that users prefer saving costs to being
sustainable. This influences how actors arrange (new) experiments. In
this process, aggregation activities (e.g. publication and diffusion of
experiments’ findings) are important. In this way, empirical descrip-
tions of local practices can be presented, enabling comparison of local
practices. Additionally, lessons from experiments can inform niche
outsiders and promote support for the smart grid niche. The findings
also suggest that for successful learning it is important to have a broad
social network. Experiments with a broad social network (e.g. PMC and
YEM) represented higher forms of reflexive learning.

5. Discussion

Although SNM was already well suited to analyse internal niche
dynamics, this study suggests that SNM is also (partly) able to explain
the upscaling performance of experiments. The research shows that
experiments that are well managed in terms of the SNM processes are
more successful regarding the upscaling of their activities. In particular,
our results suggest that particular relations between internal niche
processes and different patterns of upscaling exist (Fig. 3). The building
of a social network is in particular important for growth and replica-
tion; articulation of expectations is especially important for replication;
and learning processes are particularly important for transformation
and replication. Future research can identify whether these relation-
ships are maintained for other cases.

Some uncertainties of the research are worth to discuss. First, the
research was dependent on the interpretation or perceived reality of the
interviewees. Sometimes, partners from the same experiment had dif-
ferent ideas and interpretations of upscaling and how well processes
were managed in the projects. Besides that, the research is dependent
on the interpretations of the data by the researchers. As such, complete
objectivity of the results cannot be claimed, but triangulation between
multiple data sources allowed us to limit potential interpretative biases
as much as possible. Second, external validity is the possibility to
generalize findings to other cases and domains (Yin, 2003). A multiple
case study design increases generalizability, as it allows comparison of
analytic conclusions across a range of contexts. However, the small
sample size cannot ensure high external validity. Nevertheless, the
main purpose of the research was not to reach a generalised cause-and-
effect explanation, but to get a better understanding of the complexity
of project upscaling in particular cases. Third, the timing of the study is

Table 5
Interpretative ratings for each experiment.

Concept Indicator Rating (1–5)

Experiment: Your Energy
Moment

Cloud Power
Texel

PowerMatching City Groningen II Smart Grid in Sustainable
Lochem

1. Social network building Broad 5 2 5 4
Deep 4 1 4 2

2. Articulation of visions and
expectations

Articulation 4 4 4 4
Robustness 3 2 4 2
High Quality 4 3 4 3

3. Learning Processes Broad 4 3 5 4
Reflexive 4 3 4 2

Total experiment activity 28 18 30 21

Upscaling performance
1. Growth + – ++ +
2. Replication ++ – ++ +
3. Accumulation – – + –
4. Transformation ++ + ++ +
Total upscaling performance 5 1 7 3
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another limitation. Most experiments just finished and experiments that
have not yet scaled up may in the future still scale up. Some inter-
viewees mentioned that they are still in the decision phase of how to
continue with the project. Finally, for some pilots it was not possible to
get the (final) project reports because of confidentiality reason, or re-
ports were not yet finished. This might have resulted in a lack of some
relevant data.

6. Conclusion and policy implications

In this research four smart grid experiments of the IPIN have been
analysed with the SNM approach. Experiments were regarded to be
successful when they scaled up their activities. However, how experi-
ments can scale up and influence established regimes is not well known
in transition studies. From existing literature, we identified four pat-
terns of upscaling: growth, replication, accumulation, and transforma-
tion. We highlight the following conclusions and recommendations.

First, we found that all patterns of scaling are relevant (in varying
degrees) in the experiments. YEM, PMC, and Smart Grid in Sustainable
Lochem represented growth and replication. Accumulation was only
represented in the case of PMC and all experiments contributed to
transformation. Hence the first conclusion is that this research confirms
the usefulness of the typology for analysis of upscaling sustainable in-
novations such as smart grids. Future research may demonstrate the
applicability and usefulness in other empirical domains.

Second, our empirical research results in some further specifications
of this typology. The research shows that replication is often not a
completely linear process of replicating an entire experiment, but that
mostly parts (e.g. technologies, routines, institutions) of a project are
replicated and circulate between multiple contexts. In this way com-
ponents get further developed and transformed. One explanation for

this is that a smart grid can be seen as a particular kind of innovation,
i.e. a configurational technology, which means it is a system that does
not consist of a single technology or artefact, but of different compo-
nents that can be arranged in several ways based on the context of
application (Fleck, 1993; Peine, 2009). This research shows that com-
ponents (e.g. smart appliances, protocols, dynamic pricing) are re-
plicated in subsequent experiments and get further adapted and in-
tegrated in smart grid systems. Furthermore, the research shows that
also replication is possible within a new actor network. In this way, new
partners share technologies, experiences and knowledge from previous
experiments and recombine them to set up new experiments.

Third, the findings of the research also have important implications
for the establishment of smart grid experiments and innovation pro-
grammes. First of all, the research shows that experiments that are well
managed in terms of the SNM processes have a higher potential to scale
up. Hence, a recommendation for future energy policy and innovation
programs following from this research is to explicitly use SNM for the
design of smart grid experiments and initiate innovation programmes
with the SNM approach in mind. For example, experiments can be
improved by involving a broad range of actors, creating an environment
in which expectations can well be articulated and broad and reflexive
learning processes are initiated, and by early involvement of users. This
may enhance the potential for experiment upscaling.

Finally, another important implication is that to achieve a change in
the institutional environment, experiments should collaborate and
lobby with each other. Intermediary organisations can also play an
important role in this process (Hargreaves et al., 2013; Kivimaa, 2014).
For further research it is worthwhile to study how experiments co-
operate, how knowledge sharing between different pilots can be im-
proved, and what the role of an intermediary organisation can be in
facilitating such exchanges of experiences.

Fig. 3. Patterns of upscaling and relations with strategic niche
management processes.
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Appendix A. Semi-structured interview script

Interview script: project stakeholders

Theory Concept Dimension Interview questions

General questions and questions regarding upscaling – What was the goal of the project?
– How and by which parties was the project initiated?
– What was the role of your organisation during the project?
– What was your role during the project?
– How did the project scale up? (Explaining different patterns of
upscaling when needed)

– What are important processes for upscaling?
– What are barriers for smart grid development and projects
upscaling?

Strategic Niche
Management (SNM)

Social network building Broad – Which (type of) partners were involved during the project?
– Did the size of the project network increase or shrink?
– How was the interaction between parties?
– What was the role of the different parties (in the consortium)?
– How does the social network formation influence upscaling?

Deep – Were there enough resources available during the project?
– Were there resources available for upscaling?
– Who provided which resources?

Articulation of visions and
expectations

Articulation – What were your initial expectations about smart grids?
– How did your expectations evolve?
– How have expectations been articulated between parties?
– How did expectations influence upscaling?

Robustness – What were the expectations of other parties?
– Did an overall shared expectation about smart grids emerge within
the project network?

High
Quality

– On which experiences/lessons were the expectations based?
– How were expectations substantiated?

Learning processes Broad – What were the learning targets for the experiment?
– What type of learning occurred in the project?
– What were the most positive and negative expectations?
– How was learning organised?

Reflexive – Did new assumptions or expectations regarding smart grids
emerge?

– What were the most surprising results of the pilot?

Appendix B. Coding of interview segments

Examples of interview (transcript) segment Created code Theoretical
background

On the one hand, technology development, so technical components. However, a much
more important element of the pilot was the social aspect. So how users behave and
react on certain incentives.

Focus on technical learning and social
learning

SNM: Technical
and social learning

So, what we learned was that people actually used their energy at different moments Shift in energy pattern was noticed SNM: Learning:
user behaviour

Research was the same in both pilots. But what you clearly see, is that in YEM Breda
additional technologies were used like heat pumps

New technologies/ innovations in a
replication phase

Upscaling
typology:
replication

What we saw is that growth was difficult because we used dynamic prices for grid
operation that from a legal perspective was not possible outside the pilot

Legislation is a barrier for upscaling Barriers for
upscaling

Uhh, But yeah it is still quite a search how to make money with this concept. Subsidies
are still needed.

Difficult to achieve profitable business
case

Barriers for
upscaling

Uhmm, yes, but it is not only this project that achieves transformation, but actually all
the projects that are conducted contribute to this.

Collaboration and information
exchange is important for
transformation

Upscaling
typology:
transformation

I would not say it that way, actually it is the combination of projects that are needed for
transformation

Collaboration and information
exchange is important for
transformation

Upscaling
typology:
transformation
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However, that are all commercial parties, that are heavily looking how to achieve a
positive business case

Difficult to achieve profitable business
case

Barriers for
upscaling

I think it was very good, that beforehand we all clearly knew what the final goal of the
project was, and that there was at least a joint goal.

Development of a shared vision is
important for upscaling

SNM: (shared)
Expectations

Yeah, that was really great, we published at least 20 scientific articles Capture and share lessons/ learning
processes

SNM: Learning

The consumer is extremely important for this (upscaling), because in the end he or she
has to change their behaviour or buy things.

Users’ perception is essential for
upscaling

SNM: Learning:
user involvement

And an open source approach is really important for upscaling, because otherwise
everyone is re-inventing the wheel. It should be simple to interconnect different
components with each other

Open source standards are important
for upscaling

SNM: Learning:
standardization

References

Blumer, 1954. What is wrong with social theory. Am. Sociol. Rev. 19, 3–10.
Boer, P. De, Verhaegh, N., 2016. Smart Grids from a Global Perspective. Springer

International Publishingpp. 235–248.
Bryman, A., 2008. Social Research Methods. Oxford University Press, Oxford.
Byrne, R.P., 2009. Learning Drivers: Rural Electrification Regime Building in Kenya and

Tanzania (D.Phil. thesis). University of Sussex, Sussex.
Capgemini, 2012. Trends in Energy: De consument bepaalt.
CE Delft, KEMA, 2012. Maatschappelijke kosten en baten van intelligente netten.
Coenen, L., Raven, R.P.J.M., Verbong, G.P.J., 2010. Local niche experimentation in en-

ergy transitions: a theoretical and empirical exploration of proximity advantages and
disadvantages. Technol. Soc. 32, 295–302.

Consortium Green Deal Smart Energy Cities, 2015. Eindrapport fase 2: Green Deal Smart
Energy Cities.

DNV GL, 2015. PowerMatching City – Eindrapportage fase 2.
Enexis, 2014. Eindrapportage Jouw Energiemoment Zwolle (YESCON, IPIN11012).
Fang, X., Misra, S., Xue, G., Yang, D., 2012. Smart grid — the new and improved power

grid: a survey. IEEE Commun. Surv. Tutor. 14, 944–980.
Federal Energy Regulatory Commision, 2008. Assesment of Demand

Response & Advanced Metering: Staff Report.
Fleck, J., 1993. Configurations: crystallizing contingency. Int. J. Hum. Factors Manuf. 3,

15–36.
Geels, F.W., 2002. Technological transitions as evolutionary reconfiguration processes: a

multi-level perspective and a case-study. Res. Policy 31, 1257–1274.
Geels, F.W., 2004. From sectoral systems of innovation to socio-technical systems. Res.

Policy 33, 897–920.
Geels, F.W., Deuten, J.J., 2006. Local and global dynamics in technological development:

a socio-cognitive perspective on knowledge flows and lessons from reinforced con-
cret. Sci. Public Policy 33, 265–275.

Geels, F.W., Raven, R.P.J.M., 2006. Non-linearity and expectations in niche-development
trajectories: ups and downs in Dutch biogas development (1973–2003). Technol.
Anal. Strateg. Manag. 18, 375–392.

Geels, F.W., Schot, J., 2007. Typology of sociotechnical transition pathways. Res. Policy
36, 399–417.

Glaser, B.G., Strauss, A.L., 1967. The Discovery of Grounded Theory: Strategies for
Qualitative Research. Observations. Aldine Publishing Company, Chicago.

Güngör, V.C., Sahin, D., Kocak, T., Ergüt, S., Buccella, C., Cecati, C., Hancke, G.P., 2011.
Smart grid technologies: communication technologies and standards. IEEE Trans. Ind.
Inform. 7, 529–539.

Hargreaves, T., Hielscher, S., Seyfang, G., Smith, A., 2013. Grassroots innovations in
community energy: the role of intermediaries in niche development. Glob. Environ.
Chang. 23, 868–880.

Hobbel, A., Rienks, H., 2016. CloudPower Texel, IPIN – Eindrapport – Openbare versie.
Hoogma, R., Kemp, R., Schot, J., Truffer, B., 2002. Experimenting for Sustainable

Transport – The Approach of Strategic Niche Management. Spon Press,
Taylor & Francis Ltd., London.

Jolly, S., 2010. Upscaling of Niche Experiments in PV Solar Energy for Transition to
Sustainability in India (M.Sc. thesis). Eindhoven University of Technology, The
Netherlands.

Jolly, S., Raven, R.P.J.M., Romijn, H., 2012. Upscaling of business model experiments in
off-grid PV solar energy in India. Sustain. Sci. 7, 199–212.

Kemp, R., Schot, J.W., Hoogma, R., 1998. Regime shifts to sustainability through pro-
cesses of niche formation: the approach of strategic niche management. Technol.
Anal. Strateg. Manag. 10 (2), 175–198.

Kivimaa, P., 2014. Government-affiliated intermediary organisations as actors in system-
level transitions. Res. Policy 43, 1370–1380.

Mosannenzadeh, F., Rosaria Di Nucci, M., Vettorato, D., 2017. Identifying and prioritizing
barriers to implementation of smart energy city projects in Europe: an empirical
approach. Energy Policy 105, 191–201.

Peine, A., 2009. Understanding the dynamics of technological configurations: a con-
ceptual framework and the case of Smart Homes. Technol. Forecast. Soc. Change 76,
396–409.

Raven, R.P.J.M., 2005. Strategic Niche Management for Biomass Strategic Niche
Management for Biomass (Ph.D. thesis). Eindhoven University, The Netherlands.

Raven, R.P.J.M., Geels, F.W., 2010. Socio-cognitive evolution in niche development:
comparative analysis of biogas development in Denmark and the Netherlands
(1973–2004). Technovation 30, 87–99.

Raven, R.P.J.M., Bosch, S. Van Den, Weterings, R., 2010. Transitions and strategic niche
management: towards a competence kit for practitioners. Int. J. Technol. Manag. 51,
57–74.

Redactie Emerce, 2016. Grootste proef slimme netten van start. Emerce.
Rip, A., Kemp, R., 1998. Technological change. Hum. Choice Clim. Change 327–399.
RVO, 2011a. Handleiding - Proeftuinen Intelligente netten 2011–2015.
RVO, 2011b. Proeftuinen intelligente netten 2011–2015.
RVO, 2011c. Cloud Power Texel – Factsheet 2011.
RVO, 2013. Intelligent net in duurzaam Lochem – Factsheet 2013.
RVO, 2015a. Beheer Projecten Intelligente Netten [WWW Document]. URL 〈http://www.

rvo.nl/subsidies-regelingen/beheer-projecten-intelligente-netten〉. (Accessed 16
October 2015).

RVO, 2015b. Cloud Power Texel – Factsheet 2015.
RVO, 2015c. PowerMatching City II – Factsheet 2015.
RVO, 2015d. Intelligent net in duurzaam Lochem – Factsheet 2015.
Schot, J., Geels, F.W., 2008. Strategic Niche Management and Sustainable Innovation

Journeys: Theory, Findings, Research Agenda, and Policy. 20, pp. 537–554.
Schwister, F., Fiedler, M., 2015. What are the main barriers to smart energy information

systems diffusion? Electron. Mark. 25, 31–45.
Sengers, F., Wieczorek, A., Raven, R.P.J.M., 2016. Experimenting for Sustainability

Transitions: A Systematic Literature Review. Submitt. Manuscr.
Seyfang, G., Longhurst, N., 2015. What influences the diffusion of grassroots innovations

for sustainability? Investigating community currency niches. Technol. Anal. Strateg.
Manag. 28, 1–23.

Smith, A., Raven, R.P.J.M., 2012. What is protective space? Reconsidering niches in
transitions to sustainability. Res. Policy 41, 1025–1036.

Smith, A., Voß, J.P., Grin, J., 2010. Innovation studies and sustainability transitions: the
allure of the multi-level perspective and its challenges. Res. Policy 39, 435–448.

Taskforce Intelligente Netten, 2010. Op weg naar intelligente netten in Nederland –
Discussiedocument.

Tubben, B., 2013. IPIN Proeftuin Lochem: Inleiding, samenwerking, uitdaging [WWW
Document]. DRIFT. URL 〈http://www.drift.eur.nl/wp-content/uploads/2013/11/
Ben-Tubben.pdf〉.

Van den Bergh, J., Kemp, R., 2006. Economics and Transitions: Lessons from Economic
Sub-disciplines (UNU-MERIT Working Paper No. 038).

Van der Laak, W.W.M., Raven, R.P.J.M., Verbong, G.P.J., 2007. Strategic niche man-
agement for biofuels: analysing past experiments for developing new biofuel policies.
Energy Policy 35, 3213–3225.

Van Lente, H., 1993. The Dynamics of Expectations in Technological Developments
(Ph.D. thesis). Universiteit Twente, Enschede.

Verbong, G.P.J., Beemsterboer, S., Sengers, F., 2013. Smart grids or smart users?
Involving users in developing a low carbon electricity economy. Energy Policy 52,
117–125.

Yin, R.K., 2003. Case Study Research Design and Methods. Sage Publications, Thousand
Oaks.

R. Naber et al. Energy Policy 110 (2017) 342–354

354

http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref1
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref2
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref2
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref3
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref4
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref4
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref5
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref5
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref5
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref6
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref6
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref7
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref7
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref8
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref8
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref9
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref9
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref10
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref10
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref10
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref11
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref11
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref11
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref12
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref12
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref13
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref13
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref13
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref14
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref14
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref14
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref15
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref15
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref15
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref16
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref16
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref16
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref17
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref17
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref18
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref18
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref18
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref19
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref19
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref20
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref20
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref20
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref21
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref21
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref21
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref22
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref22
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref23
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref23
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref23
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref24
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref24
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref24
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref25
http://www.rvo.nl/subsidies-regelingen/beheer-projecten-intelligente-netten
http://www.rvo.nl/subsidies-regelingen/beheer-projecten-intelligente-netten
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref26
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref26
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref27
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref27
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref27
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref28
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref28
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref29
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref29
http://www.drift.eur.nl/wp-content/uploads/2013/11/Ben-Tubben.pdf
http://www.drift.eur.nl/wp-content/uploads/2013/11/Ben-Tubben.pdf
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref30
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref30
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref30
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref31
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref31
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref32
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref32
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref32
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref33
http://refhub.elsevier.com/S0301-4215(17)30487-1/sbref33

	Scaling up sustainable energy innovations
	Introduction
	Upscaling smart grid experiments: a typology
	Methodology
	Results
	Your Energy Moment (Zwolle)
	Cloud Power Texel
	PowerMatching City II (Groningen)
	Smart Grid in Sustainable Lochem
	Cross-case comparison

	Discussion
	Conclusion and policy implications
	Semi-structured interview script
	Coding of interview segments
	References




