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Today, I will talk to you about energy transitions. Transitions are long-term
processes of radical and structural change at the level of societal systems, in this
case the energy system. I will first use some historical examples to see what
lessons we can draw from past transitions. Next, I will provide some examples of
our current research that focuses on the transition to a sustainable energy system.
I will not go into the reasons why such a transition is necessary; there is ample
evidence that our current system is not sustainable at all. My main point is that 
a sustainability transition is not in the first place about technology but rather
about changing the rules that govern energy systems. There is usually a lot of
opposition to these kinds of radical changes, ranging from the vested interests
that they threaten to a lack of social acceptance by citizens. However, citizens are
not only a barrier to a sustainability transition, but are increasingly becoming
involved in positive ways as well. Moreover, the large-scale introduction of
renewable energy technologies also creates opportunities for entrepreneurs to
develop new business models. I will finish with a few comments on transition
pathways to sustainable energy systems. These systems not only have to be
clean, affordable and reliable but, as I will argue, also fair and acceptable. In 
a way, the story I will tell also reflects my personal development, from a historian
of technology to professor in transition studies. 

Introduction
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The first time I really understood the importance of institutions was when I was
doing research on the history of the Dutch electricity system (Verbong, 2000). 
In 1949 the electrical utilities in the Netherlands started to build the first national
grid. It consisted of a double ring structure, one of 150 kV covering the most
industrialized part of the country, and a smaller 110kV one in the North. Although
the design of the grid is highly interesting, and it is one of the reasons why we
have such a reliable grid, I want to focus here on its equally interesting history.
With the expansion of the provincial electricity grids in the 1920s and 1930s, 
a discussion started in the Dutch community of electrical engineers whether
linking the provincial networks in a national grid would be the logical next step.
The director of the VDEN, J.C. van Staveren, calculated in the 1930s that such 
a grid was not economically feasible at all. Despite this, work on the construction
of a few key lines linking Holland to the coal mines in Limburg started, but no
consensus was reached on the construction of a national grid. Surprisingly, 
a breakthrough was reached during the German occupation. General-Director
G.J.Th. Bakker forced the provincial utilities into collaboration: if they did not give
in, the national government would take over the electricity system, which was the
provincial companies’ worst nightmare (Van Empelen, 1999).

The association agreement for the construction of a national grid was signed in
1949. A central element of this agreement was that - and that is the point I want to
stress here - the grid was constructed not to be used! There are three main
reasons to link power plants by a network of cables and lines: (1) as a back-up, in
case of an emergency, (2) to reduce the need for spare capacity, and (3) for what
the famous Historian of Technology Thomas Hughes has called the ‘economic mix’,
by connecting, for example, a hydropower station with a coal-fired power station,
one can select the cheapest available option to reduce production costs. 
Now, the salient feature of the 1949 agreement of the Dutch utilities was that they
were not allowed to use the grid for economic optimization (Statuten SEP, 1949.
The institutional framework determined the way the grid was used and managed,
or hardly used. The explanation for this specific set-up was that the directors of
the provincial utilities did not want to give up their autonomy. It would take
another 25 years before the Sep, the Cooperating Electrical Utilities, the

The construction of the first 
national grid in the Netherlands
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organization responsible for managing the grid, was allowed to introduce
economic optimization in the Dutch electricity system. This history of the Dutch
grid really made me aware of the crucial role of the institutional framework that
determines how technological systems are being operated and used. The
institutional framework includes the formal and informal laws and regulations, 
the organizational structure, the ownership pattern and other instruments of
coordination (Kaijser, 1998); for simplicity’s sake, I will call these the “rules of the
game”. The main lesson is that in research on the development of energy systems,
one should not only look at the material infrastructure and the actors involved, 
but also pay attention to these rules of the game.
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The role of the rules of the game became even clearer in the history of the Dutch
gas system. In the 1960s an energy transition took place in the Dutch system of
gas supply with huge ramifications for Dutch society up to today (Verbong, 2000;
Rotmans, 2000). After the discovery of natural gas at Slochteren in 1959,
conventional wisdom stated that energy-intensive companies should be the main
target group for the newly found energy source. Also, in the heyday of nuclear
optimism, most experts pushed for a rapid exploitation of the gas, as cheap
nuclear energy would soon render the gas worthless. However, a couple of
engineers from Esso developed a revolutionary master plan for the introduction of
natural gas (Steward & Madsen, 2006). Based on experiences in the US, they
came up with a completely different vision: they proposed to target Dutch
households and not the large industrial consumers. These households could pay 
a premium price for the gas, according to the principle of the market value of gas.
This price was not determined by the costs of production and transport but by the
considerably higher price of alternative fuels for heating, in those days coal and
increasingly oil. This so-called market value principle has been exported to
Europe: the Dutch invention of long-term, oil-indexed contracts is still a key
element of gas contracts in European gas markets, despite persistent EU efforts 
to get rid of it. 

The second part of the master plan was a change in the rules of the game.
Whereas the Dutch government had been more or less an outsider in the gas
system before Slochteren, they used it as an opportunity to take control. In 1963
the Gas Act was accepted, creating a new powerful national actor, Gasunie.
Gasunie received a monopoly on the transport and selling of gas. Gasunie was
part of what has become known as the “Gasgebouw”, a public-private partnership
between the Dutch government and the oil companies Shell and Esso. 

The third part of the master plan was the rapid implementation of natural gas in
the Netherlands. Gas companies were bought out; the existing networks were
upgraded and integrated in the new national gas network; massive advertising
campaigns prepared the consumers for the new energy source, attractive offers
were made for new appliances or the adaptation of old appliances and, by 1968,

The transition to natural gas
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the transition had been more or less completed. The impact has been enormous;
natural gas has been (and still is) a major source of income for the Dutch state, in
particular after some changes in the rules in the 1970s (Verbong, 2000). To
summarize: the Netherlands has become a real gas country. 

So what can we learn from this history? The radical vision included in the master
plan was a crucial component. The Esso engineers had critically reflected on what
had been going wrong - from the perspective of their company - in the exploitation
of natural gas in the US and came up with a radically different proposal. They also
set up a pilot project in Hilversum to demonstrate the feasibility of this plan to
their colleagues from Shell and to the Dutch government. This vision, supported
by lessons learned from experiments, formed the basis of the carefully
orchestrated transition in the 1960s, including the changing of the institutional
framework. So, the take-away message from the gas transition is that visions,
experiments and learning are crucial elements in a transition studies approach.

Now, the successful transition to natural gas begs the question: can we replicate
this strategy for the transition for a more sustainable energy system?
Unfortunately, it is not that simple. In fact, our energy systems are already in 
a transition phase. In the 1990s, in the wake of the fall of the Iron Curtain and the
communist regime, a wave of neo-liberalist ideology hit politicians and policy
makers, in particular in the US and North-Western Europe. Electricity markets and,
to a somewhat lesser degree gas markets, have been completely transformed
through the unbundling of generation and retail operations from transport and
distribution. The changes in the rules of the game have had a dramatic impact:
incumbent utilities have merged or been taken over by international players, with
some actors having completely disappeared and new ones having entered the
field. This process is still not finished. It is important to notice that, at the time,
there were no obvious technological or environmental reasons for these radical
changes. The main argument was to increase efficiency, to lower prices and, in
particular, to reduce the role of the state. The liberalization of the energy markets
that started in the 1990s was not aimed at a more sustainable energy system.
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The analysis of this example of successful transition management has been the
basis of my involvement in the field of transition studies. In 2000, I received 
a phone call from Jan Rotmans who asked if I could provide, at short notice, 
a historical example of an energy transition in the past. He needed it in
preparation for the 4th National Environmental Policy plan which introduced the
concept of transition and transition management into the policy domain. It was
also the beginning of academic research on sustainability transitions (Rotmans,
2000).
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Research on renewable energy in the Netherlands already started after the first oil
crisis in the early 1970s but until now the implementation of renewable energy
sources has not been a real success story, especially when put in an international
perspective (Verbong, 2001). The graph (see fig. 1) shows that the Netherlands is
among the laggards in Europe. In fact, we have been moving to the left side of the
graph during the last couple of years! In 2013 the contribution of renewables has
stabilized, leaving a long way to go to reach the 2020 targets. One explanation for
our poor performance is our heavy dependency on natural gas and the extensive
fossil fuel infrastructure. This observation has triggered a debate about the role of
gas in our future energy system. The Dutch gas fields will be depleted within the
next 10 to 15 years. The Dutch government has been preparing for a new role of
the Netherlands in the future, changing from an export country to a main hub for
international gas transport. A gas roundabout for the distribution of gas in North-
Western Europe has been constructed, options for gas storage have been
enlarged, and Gasunie participates in several international pipelines (De Vries,
2013). The legitimation is that gas is by far the cleanest fossil fuel and can serve
as a transition fuel that bridges the period needed to complete the transition to 
a fully sustainable energy system. However, what is happening does not fit this
scenario at all. Due to the large-scale exploitation of shale gas in the US, mining
companies started to dump cheap coal on European markets. As a result, even
new gas fired power plants have been ‘mothballed’, that is to say taken
(temporarily) out of operation. Even the promised closure of old coal-fired power
stations, part of the Energy Agreement of 2013, has now become uncertain.1

Renewable energy

1 http://www.energie-nederland.nl/energie-nederland-verwacht-dat-nieuwe-milieueis-leidt-tot-sluiting-
oude-kolencentrales/ 
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The development of methods to exploit shale gas (and oil) reserves in the United
States and the rapid expansion of shale gas in the US has changed the global
energy landscape in recent years. Many countries, including the Netherlands,
started a search for shale gas in their own territory. First estimates of the potential
seemed to be promising. In order to determine the extent of winnable reserves
and to the find the best locations, pilot drillings are needed. However, test drillings
at Boxtel and Haaren have not yet started because of the vehement opposition by
people living nearby the designated locations. The plans for pilot drillings also
triggered a national debate in the media. Together with the Rathenau institute, 
our group, we published a report on the Dutch shale gas debate (De Vries, 2013).
Proponents point to the obvious economic advantages of shale gas, but
opponents fear unintended impacts of shale gas drilling, such as contamination 
of water, the destruction of the environment because of the many drilling holes
needed, the large number of heavy transport movements and, last but not least,
increased risk of earthquakes. Although part of the public concern has been
triggered by very poor practices in the US, experts and companies have not
succeeded in removing these concerns. 

Local and regional authorities also generally supported the opposition. Although
the importance of local public support for the success of these test drillings has
been officially recognized, there is still a large gap between the good intentions
and behavior of the government. The Ministry of Economic Affairs first assumed
that shale gas exploitation was very similar to the exploitation of natural gas.
Much opposition was not expected, but this was clearly a miscalculation. Fierce
social and political opposition led to a moratorium on drilling in 2011. The
government asked engineering and consultancy Witteveen and Bos to investigate
the safety of shale gas drilling, but because of the limited scope of the assignment
and clumsy maneuvering in the whole process, trust in the outcome of the
procedure was not restored. In 2013 the government asked for renewed
investigations on the impact on nature, the environment and on most favorable
locations. At this moment, a final decision on pilot drilling has not been made, 
and will be delayed at least until December 2014. 

Social acceptance
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There is a clear pattern in the way the Dutch government has been dealing with
social acceptance issues like finding sites for wind turbines, for CCS, for new
nuclear power plants or storage of radioactive waste, or new HV power lines. The
first reflex is usually one of denial; the possibility of potential resistance is simply
ignored. The next step is often to bypass local interests in the name of public
interests. Another strategy is using experts and authorities to communicate on the
risks involved, usually the message being that the risks are negligible. All these
strategies are aimed at dealing with what has been dubbed the Not In My Back
Yard (NIMBY) phenomenon. The response of opponents is usually portrayed as
emotional and irrational, so that it can be easily dismissed. According to Maarten
Wolsink, who has done extensive research on opposition to wind turbines,
approaching the problem from a NIMBY perspective usually backfires as it denies
the legitimate concerns and motives of opposing groups (Wolsink, 2011). In other
words: although it is still the question if NIMBY actually explains opponent’s
motivations in most cases, policymakers see it as the main problem and act as
such. The CCS project at Barendrecht is a prime example of this approach. Another
strategy is to compensate people for the inconveniences they have to go through.
This ‘reparations’ strategy has been applied successfully in other countries, but
has been used only very reluctantly in the Netherlands.

Not only have these strategies (except maybe the last one) so far not been very
successful, they actually feed resistance and lead to polarization of the public
debate. Once polarized, it becomes very hard to find a way out of the deadlock.
Nuclear energy and wind turbine are prime examples of this. The Rathenau report
recommends a more open and transparent policy process, acknowledging the
opposition and taking into account that visions and interests of actors can deviate
from the collective interest. This is at least a more productive starting point 
(De Vries, 2013). 
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To follow up on this, citizens should not be perceived mainly as a barrier to 
a sustainability transition; on the contrary, citizens are increasingly becoming
involved in sustainable innovations. This observation is the focus of a European
project in which we are currently participating. The project investigates the
innovative and entrepreneurial roles of end users in shaping a green EU economy
by developing concepts and tools to enhance the active roles of end users to co-
create novel sustainable products and service. Our contribution to this project is
to make a historical reconstruction of the emergence of the consumer society, and
to make a conceptual model to understand the different and changing roles of
users, consumers and citizens in sustainable innovations in the past and in the
future. The result of our research will serve as input for investigating new business
models that are aimed at enhancing sustainable lifestyles in Europe. We
developed a typology of user-involvement in sustainable innovation (see fig. 2).
The figure illustrates the diverse (and shifting) conceptualizations of users in the
field of innovation studies. From a traditional adoption perspective, researchers
have been pointing at the increasing active involvement of users in the innovation
process. According to Eric Von Hippel, innovation is rapidly becoming
democratized: supported by improvements in computer and communications
technology, users increasingly can develop their own new products and services
(Von Hippel, 2006). Even more interesting is the increasing collective involvement
of users in the innovation process. This can occur in a more passive way - what we
have called the sharing economy - but also more actively, ranging from financial
involvement to community-based innovations. Also in this case, IT is a crucial
enabler. 

However, how exactly consumers are going to embed these technologies in their
daily life is still unclear. This question is the focus of an NWO funded research
program that we have just started together with Wageningen University, Enexis
and consumer organization Milieucentraal. In the project, we will focus on how
users are going to deal with the new smart appliances that are becoming available
in the contexts of the development of smart grids and smart energy systems. 
The main question is how users will respond to energy technologies that bring
along new benefits and risks, new behavioral routines and new social relations.

Users and innovations
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This response to the new smart grids and the information flows will be decisive for
the development of smart grids. In this research we use social practices theory, 
an approach which is complementary to the social psychological approach of our
colleagues at the Human Technology Interaction group. A social practice is defined
as a routinized type of behavior that results from the lifestyle choices and
competences of groups of individuals. With the help of theories of social practices
it can be shown how everyday behavioral routines of specified groups of energy-
users emerge, get routinized, become reconfigured and dissolve or fade away. 
We will study several different practices related to the production, distribution,
storage, monitoring and use of domestic electricity.
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Another example of our research on user involvement is a Topsector Energy-
funded project that we are doing together with Housing Corporation Woonbedrijf,
the municipality of Eindhoven and Duneworks. This project focuses on how to
involve tenants in the sustainable renovation of neighborhoods. For this purpose
Woonbedrijf has developed an approach it calls the “Buurttransformator”
(Neighborhood transformer). This participative approach aims at co-creation,
which in this case means the joint development of plans and projects for the
neighborhood by tenants and the housing corporation. Importantly, the tenants
also get a voice in the decision process. The first try-out is taking place in the Airey
area, a post-war neighborhood with prefab houses and flats in the south of
Eindhoven. Monitoring and evaluation are important because of the experimental
set-up. Our contribution to the project is to support Woonbedrijf by taking part in
the monitoring and evaluation process and by providing insights and knowledge
from scientific literature. Based on the lessons learned, the “Buurttransformator”
can be modified and adapted for use in other areas in Eindhoven.

Part of the plans for the Airey area is the establishment of an energy cooperation.
The local energy cooperative, ‘Morgen Groene Energie’ (MGE, Tomorrow Green
Energy), has been asked to design a proposal. MGE has been very active in this
area. For example, it took the initiative to develop a non-profit solar park in
Blixembosch in the north of Eindhoven. Large-scale buying of panels and a tax
rebate for participants in solar projects in nearby areas made it attractive to invest
in a solar park on the roof of the local activity center Blixems. The tax rebate was
introduced in the 2013 Energy Agreement for people living within the so-called 
‘zip code rose’. The energy cooperative organized the process, the installation and
also took care of the administration while the tax authorities approved the tax
exemption for Blixems, the first one in the Netherlands. Now, MGE and the
municipality of Eindhoven are attempting to set up similar cooperative projects in
other areas and to expand the scope, for example to include insulation. In close
cooperation with these partners and the Eindhoven Energy Institute, we will start 
a systematic study of local energy cooperatives to assist new cooperatives with
legal, financial and organizational issues. 

Local participation and 
local energy cooperatives
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The solar park in Eindhoven is an example of the recent increase in the number of
solar installations in the Netherlands. PV has long been considered as the most
promising but also the most expensive renewable energy option. PV pilot projects
were only feasible with heavy subsidies. Gradually, new policy instruments have
been introduced to support renewables, such as green certificates and the feed-in
tariff. These policy instruments have created new markets for technologies like PV,
enabling German and, increasingly, Chinese producers to reduce costs and offer
cheaper panels. The combination of regulatory support and lower prices
encouraged the number of PV systems to be scaled up. 

One of the issues we are interested in is how entrepreneurs use the opportunities
offered by such regulatory support schemes to develop new business models.
Over the past few years, business models have become a popular research theme
in innovation studies. Essentially, a business model is about how companies
create and capture value. For the research on the interaction between regulation
and the creation of innovative business models, we work closely together with the
ITEM group of professor Romme. From our normative perspective, business
models are a means to bring new, radically different technologies like PV to the
market by overcoming investment barriers like high upfront costs or information
deficiencies.

Transition studies and 
business models
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To study the interaction between policy support and business model development,
my PhD student Boukje Huijben and I analyzed and compared the development of
PV in the Netherlands and in Flanders. In only a few years, Flanders installed 2GW
of PV capacity (fig. 3). In 2007, Flanders introduced a very generous Green
Electricity Certificate (GSC) scheme. For each certified MWh of solar electricity
produced, PV owners could receive €490. This scheme triggered a flurry of
entrepreneurial activities in Flanders. However, the GSC scheme proved to be quite
costly and has since been substantially reduced (Huijben, et.al., 2014). 

Despite low and instable levels of support over the past two decades, the Dutch
PV market also started to show exponential growth from 2008 onwards (see 
fig. 4). This can mainly be attributed to the high compensation for solar electricity
because of net metering, which enables consumers to use the excess electricity
they produce to offset their consumption over a specific billing period. This results
in a relatively high remuneration for solar electricity as the kWh price private
consumers pay includes taxes, VAT and a RES surcharge. Net metering had already
been introduced in the Electricity Law of 1998, but remained a marginal
phenomenon until solar panel prices started to come down. Now it has become
the major driver behind the expansion of PV in the Netherlands. Discussion about
the long-term sustainability of the net metering scheme has started because the
government is losing more and more tax income (Van de Water, 2014). On the
other hand, last year’s Energy Agreement expanded the net metering scheme by
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offering tax rebates to citizens who invest in nearby solar panels, as we have seen
in the case of solar park Blixems. 

A comparison between Flanders and the Netherlands provides a few similarities
but also some striking differences. In both cases, entrepreneurs have continuously
been adapting their business models to changes in regulation. Whereas in
Flanders large and medium sized systems acquired a substantial part of the
market, in the Netherlands the number of large systems remained quite low
(SolarPlaza, 2014). The most obvious explanation is that net metering for larger
users is not so attractive because they often pay a much lower kWh price. Another
difference between the two countries is in the variety in business models applied
and in the experimentation with such business models. In the Netherlands, the
variety is much greater, with business models ranging from the collective purchase
of solar panels (“Wij willen zon”2) to projects aimed at exploring and stretching
the boundaries of the law. An example is the Property Assessed Clean Energy
(PACE) model in which loans for PV are repaid via municipal taxes. However, Dutch
tax authorities have disallowed this construction. These and similar efforts to
expand the PV niche by bending the rules in a more favorable direction illustrate
that the PV market is entering a new phase (Huijben & Verbong, 2013; Huijben
et.al., 2014).

2 http://www.wijwillenzon.nl/ 
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The rapid expansion of solar PV will have an impact on our energy system. The
situation in Germany can provide us with some clues. Germany has been the
frontrunner in solar PV in Europe. According to a recent report from the Fraunhofer
Institute, solar power totaled 30 TWh or 5% of Germany’s gross electricity
consumption in 2013. However, the impact on the energy system is much larger:
on sunny weekdays, PV at times covers 35 percent of electricity demand, and in
weekends almost 50 percent. By the end of 2013 the total capacity of PV installed
in Germany was 35.7 GW, more than all other types of power plant. This capacity is
distributed over 1.4 million power plants (Fraunhofer ISE, 2014). In other words, in
Germany, distributed generation is no longer a future trend, but an established
fact! 

The Fraunhofer report also addresses questions like: “Is PV power too expensive?”
and “Is PV power subsidized?” The answer to the first question is that it depends
on your perspective! Yes, PV has been made attractive by the introduction of the
German feed-in tariffs (EEG); and no, it is not yet competitive with fossil fuel
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generated electricity. Grid parity has not been reached, but for a fair comparison
one should include all costs, including the tax exemptions and other advantages
that fossil fuels enjoy; and the environmental costs of fossil fuel power plants. The
European Emission Trading System introduced for this purpose has been a major
failure up to now. But also the necessary adaptations in the grid and the need for
back-up capacity should be included (Fraunhofer ISE, 2014). 

Now, let’s turn to the second question: is PV subsidized? No, it is not a subsidy; 
it is paid by a surcharge on the electricity bill of all consumers (the “Erneuerbare
Energie Gesetz Umlage”). This has raised the kWh price substantially (see fig. 6).
Consumers without a PV system are now paying for their more affluent neighbors
with a PV system who profit from the feed-in tariff. This raises the issue of social
equity, or fairness in the allocation of costs and benefits. And again for an answer,
one should take a broader perspective. The energy-intensive industry is to a large
degree exempted from the surcharge. According to the Fraunhofer Institute this
exemption will be more than 5 billion euros in 2014. This increases the burden on
other electricity consumers. The problem is made worse by a long-standing
practice in the energy world that the costs of investments in infrastructure are
socialized. In practice, this means that only the small consumers pay for these
investments as large generators and large consumers are exempted. Moreover, 
if you look at the generation costs only, small consumers have been cross-
subsidizing the energy-intensive industry (see fig. 6) (Fraunhofer ISE, 2014). 
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New PV, buildings/small Gross domestic electricity price

New PV, ground-mounted Net electricity price for industry

Average feed-in tariff for PV full cost fossile-nuclear (+external)
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Figure 6

Development of the feed-in tariff against kWh price (Fraunhofer ISE, 2014, p.10)
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The point I want to make here is that in the old system there was a certain logic
for these allocation mechanisms and, from the perspective of industrial policy,
offering industries low energy prices still does make sense, but the question is
whether the prosumers, the consumers with a PV installation or other generator,
will continue to accept this situation for much longer. Again Flanders provides an
example. Prosumers do not only profit from the GSC compensation, they also
contribute less to the GSC mechanism because the costs are calculated per kWh
and they need less electricity from the grid. To compensate for this effect all
owners of small PV systems were charged for use of the network from January
2013 onwards. In response, the sector organization PV Flanders went to court to
fight the implementation of this network tariff. In November 2013, it won the case
and the tariff was abolished. The court acknowledged the main argument of the
PV proponents: why do owners of PV installations have to pay while large-scale
electricity producers don’t have to pay for use of the same electricity network
(Huijben et.al., 2014)? This demonstrates a shift in power in the energy world. In
the end, the question of who has to pay for the transition to renewable energy is 
a political question, but how these costs will be distributed is less certain than it
has been in the past. And of course, there is much more to say about social equity
on a global scale, as more than one billion people do not have access to electricity
at all. 
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At the beginning of my lecture, I used historical examples to illustrate the
importance of the role of an institutional framework. In our ongoing research we
focus on how entrepreneurs adapt their business models to changes in regulation
and on the shifting role of citizens, users and consumers, both individually and
collectively, and their efforts to bend the rules in their favor. So, what can we learn
from this for the development of our energy system in the future? I will attempt to
paint you a picture of the future, based on a project we did together with the
Electrical Energy Systems group of professor Kling where we investigated different
transition pathways for a more sustainable electricity system in the Netherlands,
using a typology of transition pathways (Verbong & Geels, 2010). For this
occasion, I will focus only on the two most extreme future pathways: the Super
Grid and the Micro Grid.3

In the Super Grid pathway major external landscape pressures will induce more
cooperation at European level. These pressures are predominantly security of
supply issues that are related to the global competition for resources and
markets, as well as geopolitical instability in regions with major reserves of fossil
fuels. The players are increasingly operating internationally, leading to the
domination of the European market by a few very large companies. The shift to the
international level requires several institutional changes, but the operation of the
electricity system will be driven mainly by technological and economic
considerations. In this case, management and control of the system shifts to
European load control and dispatch centers. The new guiding principles, beliefs
and practices are a partial return to the more top-down control and management
philosophy that was dominant before the introduction of market mechanisms. This
is reinforced by the large-scale increase in renewable energy technologies. The
scale of the technologies themselves is large, too: very large offshore wind farms,
very large solar power plants (both PV and Concentrated Solar Power) in southern
Europe and in the Sahara are being linked to hydropower stations in Scandinavia
and the Alps. The integration of these large-scale renewable power plants requires

Future Energy Transitions

3 These are examples of what we refer to in the paper as the Reconfiguration, De-alignment and 
Re-alignment pathways, respectively.



22 prof. Geert Verbong

a strengthening of the transmission grid, followed by the gradual emergence of 
a European Super Grid. 

In the other pathway the opposite happens. Basically, the incumbents are not
capable of dealing with the extreme landscape pressures on the electricity sector
that might come from very high oil prices (e.g. war in the Middle East) or gas
scarcity (e.g. Russia cutting of gas supplies because of escalating international
tensions). During a period of uncertainty about the direction of the energy system,
experiments take place with more local or regional based systems. These
experiments start in specific niches like new urban areas and gradually spread to
other applications. New networks of actors support the experiments. These ‘new
entrants’ may include local utilities and companies, housing associations and
municipalities, and consumer cooperatives such as those discussed above. They
gradually take the place of the old incumbents. The main mechanism here is 
a socio-cultural one, with an emphasis on regionalism, community-based
organizations and autarchy. This pathway leads to a major restructuring of the
electricity system. Making the grid ‘smarter’ is important in both pathways, but
especially so in a shift towards distributed generation. 

From this brief description, it will be clear that elements of both pathways can
already be found in reality. Also, both pathways are technologically feasible. But
as I stated before, future sustainability transitions will be determined not by
technology but by economic, institutional and socio-cultural dynamics. Our
assessment in the paper was that the Micro Grid pathway was less likely than
other pathways precisely because the others stay closer to vested interests and
are more in line with currently ongoing dynamics. The Micro Grid pathway is more
dependent on external developments and/or policy interventions to increase the
pressure on the existing regime with financial and regulatory instruments. My
assessment now would be slightly more in favor of the Micro Grid pathway.

Our work on the different pathways for the electricity system was quite abstract,
but in 2014 an MSc student, Pim van Berlo, used our approach to investigate the
options for incumbents to survive the ongoing changes in the electricity sector
(Van Berlo, 2014). Renewables change the electricity generation mix and drive 
a shift from a centralized system with passive consumers to a decentralized
system with active prosumers. So far, utilities have depreciated their assets and
the Netherlands has remained relatively unaffected by the rise of renewable
electricity, but this is changing rapidly. Pim used the pathway approach to model
changes in the future electricity generation mix. Based on the model and a market
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scan he developed several business models. His conclusion is that utilities should
redefine their role in the electricity value chain. For this, he offers several 
strategic choices, but the main message is that continuing business as usual is
not a very promising option for survival. The main options are to become an all-
encompassing energy service provider or a specialized niche player. Opportunities
are to focus on flexibility and capacity (i.e. new system regulation and balancing
services), to increase customer involvement (e.g. co-production) or to focus on
digital services, enabled by new ‘smart’ technologies. In any case, utilities need to
acquire new knowledge and competences/skills (Van Berlo, 2014). Pim’s work also
is a nice illustration how theories and methods from different fields can be
combined. 
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The observant among you may have noticed that the Super and Micro grid
pathways seem to put technology at the center of the development. My point is
that this is somewhat misleading since, in the end, political choices will determine
the playing field. For a major part of the 20th century the role of the government in
the energy domain has increased, but under the spell of neoliberalism in the
1980s and 1990s, these government retreated and increasingly started relying on
the market and market-based instruments. However, since the emergence of what
has been dubbed as the “Energieke samenleving”4, the relations between state,
market and civil society are changing (De Zeeuw, 2014). The government is
struggling with how to deal with the new situation. In 2012, the Ministry of
Economic Affairs commissioned a study on this topic (Hakvoort & Huijgen, 2012)
that proposed two extreme models for organizing local or regional energy
systems. The first is a service model, with a key role for Energy Service Companies
(ESCOs) that combine all (or most) energy related services for customers while the
second does away with the unbundling of distribution and generation at local
level, with all the actors involved playing a central role. Again elements of both
models are visible in society today. The authors argue that experimenting with
different models is necessary to discover what would be feasible within the
(European) legal framework. Specific issues that need to be addressed are the
availability of flexible capacity, the split-incentive problem, where the benefits of
investments go to other parties in the system, and new tariff structures, like RTP
or dynamic pricing. The participants of the Smart Grid Pilot Projects program (IPIN)
in the Netherlands have also recognized this focus on institutional issues.5

Permission to experiment with certain rules can be gained but to scale up such
experiments, that is transferring the rule-bending to other locations, comes up
against several legal barriers. 

Like our Super and Micro grid pathways, the models investigated for the Ministry
are two extreme cases. Sauter & Watson (2007) distinguished three alternative 

The social organization of 
local energy systems

4 Note that this literally means “the energetic society “but this does not capture the double meaning of
the word ‘energiek’.

5 http://www.rvo.nl/subsidies-regelingen/achtergrond-innovatieprogramma-intelligente-netten
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models, namely ‘Plug & Play’, ‘Company Control’ and ‘Community Microgrid’, by
mapping different deployment models for distributed generation for the roles of
consumers versus companies. 

In each model, consumer and company have a different role and relationship. In
the plug and play model, consumers become partly independent of conventional
energy suppliers; they own the generation unit. In this model, consumers may
change their consumption pattern in response to a reward mechanism (depending
on what is more attractive; self-consumption or feeding it in to the grid) and
become relatively active co-producers. In the company control model the position
of companies is more prominent. Energy service companies (ESCOs) can
aggregate the distributed generators as a virtual power plant (VPP) to help
balance supply and demand. This market mechanism and optimization can be
automated. This has been demonstrated by several appliances developed in the
Netherlands like the PowerMatcher or Herman “de Zonnestroomverdeler” (solar
electricity distributor). The consumer provides the site for generation, but is not
actively involved in control because the generation unit is owned by an energy
service company or traditional energy utility. In the third model, the community
microgrid, consumers pool their resources to develop a microgrid. In doing so,
their agreement is supported by local organizations. In this model, the consumer
can become involved in the management of the micro grid as he or she probably
will be a shareholder in the community energy company. There are obviously many
more possibilities than those three but, as Walker and Cass have said, every

Co-producer

Company driven

‘Community
Microgrid’

‘Plug & Play’

‘Company
Control’

Company back-up

Figure 7

Distributed generation deployment models (Sauter & Watson, Energy Policy, 2007, 2774)
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model for the social organization of a local energy system is a combination of
different interacting arrangements and relations between actors and institutions”
(Walker and Cass, 2007). 

To summarize: there are several options for how a future energy system can be
organized. Simply assuming that everything will remain as it is now is, as I hope to
have demonstrated, not a very smart option. Although the smart and sustainable
energy systems of the future still require extensive technological development,
ultimately political and social dynamics will determine what these systems will
look like, and how they will be organized, managed and used. The rules of the
game really do matter. There are still quite a few different directions in which our
energy systems can develop; and it cannot be taken for granted that they will
move in a more sustainable direction. What I have tried to make clear is that in the
energy domain, a new playing field is developing with a much larger role for users
and civil society. This will create much uncertainty, but it will also make the study
of energy transitions an even more promising and attractive field. 
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First of all, I would like to thank the members of the Executive Board of Eindhoven
University of Technology for appointing me as a professor at this university. I have
been at this university for a long time and becoming a professor last year, at this
stage of my career, was kind of a surprise for me. 

There are many people I should thank and I will probably forget quite a few. But 
I will follow my career at TU/e. In August 1973, I walked into this building for the
very first time for the introduction period. Some of the other new students I met
on that day are still among my very best friends and I hope that this friendship
“made at TU/e” will last forever. 

Next, in 1978 I met Harry Lintsen at the “Naakte Wetenschap” at the Physics
Department. We worked together until Harry retired a couple of years ago, but he
is still active. I would like to thank Harry for trusting me all those years and giving
me a chance to create my own niche, first in the History of Technology and later in
Transition Studies.

In 1980, I met Rui Rosado in the “alternatieve kantine”. Rui Rosado was a PhD
student at the time, but he was also the instructor of Kinomichi in Eindhoven.
Kinomichi, an art of movement developed by the Japanese master Masamichi
Noro, is Japanese for The Way of Energy. I have been practicing Kinomichi with 
Rui until today. To frame it in the context of my TU/e lecture of today. Kinomichi
prepares me for a healthy and mobile life full of energy until an advanced age. It is
my personal way of dealing with the great challenges we are facing in society. 

The next person I want to thank is Johan Schot. I have been always amazed at the
entrepreneurial spirit Johan has displayed at TU/e. Not only has he been a key
member of the large History of Technology projects, but he was also one founding
fathers of the Transition Studies field in the Netherlands. I want to thank him and
all the other members of the Dutch Knowledge Network on System Innovations for
the opportunity to give my career a different and unexpected direction. 

Epilogue
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Being here for an extended period means that I have had a lot of colleagues, first
at the Department of Philosophy and Social Sciences, now in the department of
Industrial Engineering and Innovation Sciences. I want in particular to thank all my
colleagues at the Technology, Innovation & Society group for the informal
atmosphere and the productive cooperation. I want to include the many students 
I have had the honor to teach. In particular the supervision of many MSc projects
has been a source of knowledge and inspiration for me. I also want to thank all the
PhD’s, post-docs, researchers and advisors, both from TU/e and from other
organizations, with whom I have collaborated or still am collaborating in research
projects and committees. 

Almost three years ago I have become part-time manager and coordinator at the
Eindhoven Energy Institute. I want thank my colleagues at the EEI for all the work
we have been doing together to support the Strategic Area Energy at TU/e.
Although it is sometimes difficult to see the direct results of this kind of work, 
I believe that we are really contributing to the community of energy researchers
and students at TU/e. In particular, I want to mention Daan Schram, the driving
force behind the highly successful Energy Days, we have been organizing together.
I want to extend my thanks to our neighbors of the KIC InnoEnergy, located in the
same corridor. We are working together at the realization of the European
ambitions in the field of sustainable education and innovation, a great challenge. 
I am also grateful for the support we get from the Province of North Brabant to
develop energy innovations in the built environment and to create opportunities
for start-ups and small companies to become successful in this field. 

Finally, I want to express my gratitude to my family and all my friends, including
the ones that cannot join us today anymore, in particular my parents and my
brother Cor. I really appreciate the opportunities I have got in my life to develop
my career and my personal life. Without you all, this wouldn’t have been possible. 
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