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ABSTRACT

Electricity markets in Europe have gone through several rounds of liberalization
reforms since the 1950s and 1960s. In recent decades these reforms have also been
justified with non-optimal levels of innovation and research and development
(R&D) in the energy sector. This article examines the effect electricity-market
liberalization has on innovation in the sector and argues that market structure has
an influence on the outcomes of these reforms when R&D and innovation diffusion
are considered. This is usually not discussed during policy deliberations concerning
electricity-market reforms. The case studies of Belgium and the Netherlands are
used to exemplify the argument. The findings of the paper are relevant to policy
discussions regarding innovation diffusion in the energy sector and the spread of
renewable energy technologies. Furthermore, the new market context should be
taken into account when designing energy-technology policies.

Keywords: electricity-market liberalization, renewable-energy policy, innovation
diffusion, Belgium, the Netherlands

1. Introduction

Historically electricity-market liberalization® in Europe started in the 1950s and
1960s. Its main goal was to diminish restrictions on in- and out-flows of electricity
from national boundaries (De Jong 2006). Thus, policies during the first round of
liberalization developed though the help of technology push as large electricity
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3 In this article the concept “electricity market” is used interchangeably with the “energy market” — if
the latter is used in a broader sense (including the heating and the gas market) it will be specified in the text.
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capacities (via outsized nuclear power plants) were built and their output surpluses
had to be absorbed and transmitted. Nevertheless, cost-efficiency decisions were
still made in national states, as the interconnected energy systems only provided
safety valves for seasonal flows of energy for the utility grids, but did not have any
measures to stimulate energy production at the lowest (including environmental)
cost (COM(88)238). Affordability, reliability and security of energy systems in
Europe took precedence (e.g. Surrey 1992). After 1985, the liberalization process
has been concentrated on opening energy networks to third parties, unbundling the
system and increasing competition across borders (Jamasb and Pollitt 2005; 2008;
Serrallés 2006; Lagendijk 2011). Thus, from the 1980s onwards, the European Com-
mission has promoted reforms to increase trade in electricity across Europe using
the pillar of the free movement of goods to gradually expand regulation on electricity
markets (Padgett 1992). Common investment in energy infrastructure and a smaller
number of internationalized electricity companies with a better competitive
positions were deemed more efficient (Clifton et al. 2010).* In 1996, the policy
momentum culminated in the directive on the internal market for electricity (96/92/
EC) which called for the opening of electricity markets starting with bulk consumers
(Eising 2002; see also Jamasb et al. 2014).

Consequently, in the second round of liberalization reforms, the efficiency argu-
ments became more important and started to include research-and-development
(R&D) efforts. The reasoning was that R&D expenditures in publicly owned compa-
nies were not transparent: they were considered ill-directed (over-engagement with
fundamental science with little connection to the market) and not geared towards
profit maximization (see, e.g., Chesshire 1996; Mulder et al. 2006). Furthermore, it
was argued that there was a myopic bias in R&D funding in state-owned companies:
e.g. more than half of public R&D funding in all OECD countries after the oil crisis
went to nuclear energy in the 1970s (Grubler and Riahi 2010). While the debate
regarding the inefficiency of state owned enterprises has been rather one-sided, the
activities of state-owned energy companies are dependent on the role the government
has assigned to public enterprises (Tonurist 2015).Thus, also the productivity and
innovativeness of state-owned energy companies can vary considerably across coun-
tries (TOnurist and Karo 2015).

Nevertheless, in the midst of rising electricity demand, the governments had to
socialize the risks associated with R&D in thermal and nuclear power production.
Thus, the effects of electricity-market liberalization were seen as very positive (e.g.
IEA 2005), and after the liberalization R&D levels were also expected to increase
(Erdogdu 2013). However, since the mid-1990s work on the unintended effects of
market reforms on R&D, patents and renewable energy (RE) started to surface about
the US with other research following (GAO 1996; Dooley 1998). Hence, the previ-
ous debate on the effects of market liberalization and increase in competitiveness

4 The interests of France and Germany have been seen as instrumental in promoting the idea of an
internal market in the union and arriving at the “buyer model” (i.e. all energy generators will sell energy to a
singular party that distributes electricity imports and exports; Lagendijk 2011). During this period Belgium
and the Netherlands (among others) opposed the idea of third-party access to energy systems (Eising and
Jabko 2001); however, later the Dutch government became a strong advocate of ownership unbundling (Torriti
2010, 1066).
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was found to be dependent on a static understanding of the technological environ-
ments (Porter and Van der Linde 1995). There are still gaps in this academic debate,
and one of them relates to the effectiveness of market mechanisms — here liberaliza-
tion — in the context of different market structures and hence also technological
mixes and the influence it has on innovation in the energy sector.

This article discusses how energy-market liberalization has influenced R&D and
innovation in the energy sector and the development of renewable technologies. A
short review of previous research is presented in the theoretical part of the paper. We
argue that these effects are at least partially dependent on energy-market structures
prior to liberalization. To exemplify this argument and propose new research ave-
nues, we compare the electricity markets in Belgium and the Netherlands prior to and
after liberalization and the effect of reforms on incumbent energy producers’ R&D
and strategic goals. Belgium and the Netherlands were chosen for case studies,
because both countries opened up their electricity markets at a relatively similar
time, meaning that the effects of economic fluctuations can be minimized.
Furthermore, while both countries have distinct energy-sector structures, they still
belong to the same general energy and environmental policy context as part of the
older EU member states. After an outline of the empirical cases, we will also discuss
the need for hierarchical and network-based policy measures in different settings,
and we conclude with the theoretical and policy relevance of our study.

2. Theoretical considerations

Public policy has been found to play an important role in innovation transitions in
the energy sector (e.g. Lewis 2011; Ru et al. 2012). In any policy field there are dif-
ferent policy mixes and coordination measures to choose from — most broadly
speaking these can involve the use of market mechanisms, hierarchies and networks
(Wollmann and Bouckaert 2006; in the context of innovation policies Karo and Kat-
tel 2010). However, ambiguity on what is desired from the policy mix and the instru-
ment interactions has, thus far, not been studied very well (Rogge and Reichardt
2013). Therefore, policy measures can be inconsistent, counter-productive and work
against each other (Kern and Howlett 2009, 396). Here we concentrate on the use of
market mechanisms and market liberalization in particular in these policy mixes.

As outlined above, at first, energy-market liberalization was not tied to the R&D
and innovativeness of the sector, but the risks and uncertainties characterizing the
process were soon found to influence also the innovativeness in liberalized electricity
markets (Markard and Truffer 2006; Kiinneke 2008). It became clear that policies
which at first glance did not seem to be technology- and R&D-oriented presented a
complex relationship between innovative activities and desired goals in the energy
sector (e.g. Jorgensen 2005). Parallel to liberalization, the sector was also confronted
with societal challenges coming from the climate-change debate and thus, policy
(incl. market-based measures) was increasingly put into the context of technological
change and innovation (Tonurist and Valdmaa 2015).

Consequently, the main idea in the energy sector (besides the increased use of
market mechanisms) is to raise competition levels through which selective efficiency
could be enhanced (Gaffard and Quéré 2006). Hence, in this context market mecha-
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nisms — in addition to other governance forms — should be aimed at creating the desir-
able growth conditions. This can be done through (1) deepening of the market
(enhancement of existing product functions), (2) widening of the market (adding new
functions to the product), (3) drifting (change of product usage) and (4) emerging of
markets (solutions for new problems) (Moore et al. 2007). However, when we are talk-
ing about the nature of electricity production — non-unique, interchangeable and infra-
structure-dependent product — some of the former market-development models become
more difficult to achieve. There are studies about the relationship between liberalization
and technological capabilities (Basant and Chandra 2002; Pamukcu 2003; Figueiredo
2007) but little consensus over the direction of the effect. Consequently, free trade does
not automatically enhance the accumulation of knowledge and R&D (Cimoli et al.
2007). Therefore, no automatic positive response regarding the growth of innovation
should be expected following the liberalization of the energy market.

What is known is that electricity-market restructuring influenced the overall
R&D expenditure levels within the industry and affects the levels of technological
innovation (Jamasb et al. 2008). R&D investment levels in general have been waver-
ing over the last two decades in the energy sector. This has been ascribed — at least
in part — to the process of privatization and liberalization in the energy sector
(Sterlacchini 2012). Consequently, also the creation of a wholesale market for
electricity is associated with the drop of R&D spending (Kim et al. 2012). As such,
between 1990 and 2004 investments in electricity-utilities R&D fell by 62% (45.5%
directly relating to electricity research) in Europe, as companies have been abandon-
ing long-term research projects with fundamental and general-purpose technology
concerns (Sterlacchini 2012). The same trend holds for the US, especially after the
liberalization reforms carried out in 1993 (Sanyal and Cohen 2009). Moreover, going
through the unbundling process, the size of the electricity-utility companies and the
overall R&D budgets have decreased, meaning a loss in the ability to scale up
projects (Jamasb and Pollitt 2008). This points to an overall push towards
decentralization in open market conditions, which is also expected to create the
momentum for the prevailing technological regime change (e.g. Jacobsson and
Bergek 2004). However, Bell and Schneider (1999) describe this process as the
“Balkanization” of R&D, in which deregulation is undermining collective research
efforts and leads to duplications, which publicly funded technology programmes
cannot compensate for. Furthermore, liberalization, unbundling and privatization in
the energy markets all contribute to the increased importance of the financial perfor-
mance of energy companies searching for cost-saving and efficiency gains (e.g.
Markiewicz et al. 2004). Consequently, Sanyal and Cohen (2009) found a deep decline
in R&D expenditures after restructuring in the electricity markets. The decrease is
cyclical: meaning that companies reduce their expenditures very early in the stages of
restructuring, followed by a recovery phase and another dip after the market regulation
is enacted. This has been tied to the decline in R&D intensity and the suboptimal
investment levels in the electricity industry (Jamasb and Pollitt 2006). This also means
that R&D budgets in general can decrease through market-based measures in the
energy sector, and the configuration and mixes of technologies in the market have a
tendency to stabilize after reforms (Munari and Sobrero 2003; Sanyal and Cohen
2009; Jamasb and Pollitt 2008; 2011; Gugler et al. 2013; Cominato Boer et al. 2014).
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On a more technical-organizational note, the existing spot markets do not allow hedg-
ing based on spot-prices and forward prices — this complicates investment decisions
because hardly any informational quality is currently attributed to the aforementioned
(Defeuilley and Meunier 2006; also Finon 2008). Moreover, due to the homogeneity of
electricity the free-rider problem raises its head when electricity production is a com-
petitive activity, but R&D investments become an “optional” spending for the firm
(Grubb 2004; Thomas 2007). On the whole, this means that it is difficult to create high
levels of innovative competition in a uniform product markets through market-based
measures alone, and the effects of market liberalization policies can be unforeseen (see
further on the effects of low competition in energy markets in Schimitt and Kucsera
2014). Thus, in liberalized market conditions regulatory quality — re-regulation — is
assumed to be key in inducing adequate investment levels from private players (Jos-
kow 2008). At the same time, regulators in Europe are found to be rather ineffective:
for example Ugur (2009) shows that there is no correlation between ex-ante regulatory
quality and ex-post performance indicators in liberalized EU-15 network industries.

Consequently, when we just look at research funding then R&D budgets for RE
technology have increased substantially in the 1970s and the early 1980s, but from
then on remained broadly constant in OECD countries (Jacobsson and Bergek 2004).
The stagnation of R&D funds is in conflict with the increased attention on environ-
mental goals (Johnstone et al. 2010; da Graga Carvalho 2012; Tonurist and Valdmaa
2015). Various government policies (e.g. tradable renewable energy certificates,
feed-in tariffs, production quotas and tax credits) have been introduced in an effort
to reduce costs and accelerate market penetration, but also further investment in
R&D is needed. Hence, the advisory group of the European Commission has urged
to increase the levels of investment in the energy technologies to a level similar to
the proportions of 25 years ago (Advisory Group on Energy 2005).”

At the same time, R&D expenditures cannot be recovered in the same magnitude
from customers anymore (Sterlacchini 2012; Moreno et al. 2012): stable income from
the markets to recover costs from guaranteeing a reliable electricity supply has disap-
peared, and profit margins have become limited due to increased competition.’ As a
result, companies see possibilities for dividends at the expense of advancement in tech-
nology (see e.g. Salies 2010; Clifton et al. 2010), especially after the decline of state
funding (Schimitt and Kucsera 2014). Some examples of technology fields that are
found to require more investment than is currently available are tidal turbine systems,
biomass gasification, carbon capture and storage, fuel cell batteries and photovoltaic
technologies (Salies 2010). This means that business-oriented goals start to dominate
with very little long-term strategic perspective (see also Tonurist and Valdmaa 2015).

5 For example, while 6.5 billion Euros of the Horizon 2020 are set aside for research and innovation
under “secure, clean and efficient energy” the new version of the programme “Intelligent Energy — Europe”
was initially not included in the aforementioned, and only later the programme “Market uptake of energy
innovation” was added to it (see Climate Allegiance 2012; the opinion of the Committee of the Regions on the
Horizon 2020 (2012/C 277/14)).

6 Thus, many larger electricity-utility companies (especially from larger economies) have selected an
aggressive strategy towards cross-border acquisitions and internationalization to increase their size in the
market that is characterized by monopolistic competition (e.g. the emerging dominance of EDF, ENI, E-ON,
Vattenfall in the European energy markets) (Clifton et al. 2010).
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Furthermore, electricity companies are not in general terms R&D-intensive compa-
nies (Nemet and Kammen 2007; Jamasb and Pollitt 2011). However, the intensity
and quality of R&D (measured by patent data) has also declined in the connected
industries (e.g. Sanyal and Ghosh 2013). Nevertheless, it does not mean that all
innovative activities have stopped. Markard and Truffer (2006) found, after studying
the effect of liberalization on the 4th-generation energy technologies (nuclear energy,
fuels cells, wind power etc.), that while prior innovations were incremental, “slow”
and technology-oriented, after structural changes in the market, companies tended to
switch to more customer-oriented, organizational and more rapidly executed innova-
tive activities. That means that energy companies have put the weight of innovative
activities on the customer end of the value chain dealing with intelligent networks,
smart grids etc. (Jamasb and Pollitt 2008). Therefore, through the process of
liberalization in a network-bound system customers are re-involved with the service
through the changing strategic actions of power utilities (e.g Vliet 2012).
Consequently, re-shuffling of the energy market and creating institutional disconti-
nuity affects both basic and applied activities of energy firms — the first seems to
decrease and the second to increase (Calderini and Garrone 2002). Thus, innovation
has moved in the energy sector more towards how electricity is consumed rather
than how it is produced.

Consequently, in the context of the adoption of renewable energy sources there
are considerable “system failures” that are outlined also in connection to market
structures, infrastructure and institutions (Negro et al. 2012). While Johnston et al.
(2010) show that public policy and especially the environmental restrictions and the
passage of the Kyoto Protocol spurred on patent applications in the field of renew-
able energy, large-scale criteria, the dominance of incumbents and incremental/near-
to-market innovations still play a role. High sunk costs become large barriers to
market reconfigurations (Paulun 2008; Grubler 2012), and if surpassed too fast,
technological up-scaling can lead to inferior technology choices (Kamp 2008;
Verbong and Geels 2007). Hence, uncertainties created through market restructuring
may affect investment in general, investment in R&D in particular and thus also the
technological direction in energy sectors (Sanyal and Cohen 2009; Sirin and Erdogan
2013). Consequently, spurring competition through the liberalization of energy mar-
kets might increase the possibility of technological breakthroughs and their diffusion
(Szabo and Jéger-Waldau 2008), but without substantial initial public stimulus and
stability of investment it is difficult for RE companies to break through (Jacobsson
and Bergek 2004; Nemet 2010; Jamasb and Pollitt 2008). Furthermore, the smaller
the energy suppliers are in the electricity market (as is the case for the UK and the
US) the more difficult is the task to support collaborative R&D projects (Sterlacchini
2012). Consequently, a U-shaped relationship between innovation and completion
has been previously discussed (Aghion et al. 2005). However, there is no direct and
uniform connection between the two: Tishler and Milstein (2009) argue that it
depends on the sector/technology, strategic choices of firms and differences in exist-
ing competition. In the infrastructure-bound system of electricity generation this
seems to become even more important.

Thus, more competition to the energy sector may create market failures in the
electricity system or uncover them, but based on current evaluations it is difficult to
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see the full extent of the former. As mentioned above the market structures and tech-
nological mixes become important factors in the ongoing R&D and innovation
dynamics. Thus, market structure may strongly influence technology penetration
(Moore et al. 2007). Tsoutsos and Stamboulis (2005), furthermore, argue that different
players in the market should be made to participate in R&D activity or at least
contribute to it, because knowledge creation needs to be sustained throughout the
evolution of the system. For this reason, even the initial degree of decentralization (with
existing linkages, networks and possibilities for technology spill-overs; Dantas et al.
2007) in energy markets prior to the introduction of market measures can become very
important: previous experience in integrating decentralized sources of energy to the
network helps collaboration (Lehtonen and Nye 2009). Consequently, Jamasb et al.
(2005) argue that the initial sector structure predetermines the reform trajectory and
following key decisions. Furthermore, the distance from the technological frontier
becomes a factor in how companies deal with increased competition (Aghion et al.
2002; Carlin et al. 2004). This, however, is more postulated in single-case-study
approaches, rather than empirically analyzed. As argued above, prior analyses have been
more static and have not accounted for the dynamic and developing nature of markets.
This is the topic where the current article tries to make a contribution: we will compare
the market structures and market incumbents’ strategies over time in Belgium and the
Netherlands in the following sections to explore the significance of market structures on
innovation and R&D through the process of electricity-market liberalization.

3. Market liberalization and innovation: the case of Belgium and the
Netherlands

The paper adopts a comparative research design juxtaposing the energy sectors in Bel-
gium and the Netherlands throughout the process of market liberalization. While the
countries are different in their policy-implementation structures (federalism, central-
ism) and policy measures to promote R&D in the energy sector (see, e.g., Table 2 in the
Appendix), the countries were chosen due to their relatively similar timing of reforms,
similar size and dependence on (albeit different) non-renewable energy sources. Both
countries belong to the same regional wholesale market, and they have relatively strong,
single-sector national regulatory agencies (at the time of the analysis; the Netherlands
has integrated national regulators into a multi-sector regulator since 2013) (Glachant
2014). While it is impossible to minimize all challenges that comparative research
designs present — causality issues, identification of net effects and confounding factors
— triangulating evidence gives us the possibility to study the effects of market struc-
tures and the liberalization of electricity markets on innovation in the sector and pro-
pose new research avenues. However, we have to note that the relative overall time span
of 20 years of market liberalization is too short for an in-depth analysis of the success
or failure of radical innovations and their connection to market reforms.

In the following sections we will outline the structures of the energy sectors in
Belgium and the Netherlands, analyze the reform trajectories towards market liber-
alization and the effects the former had and look at the change in R&D investments
during this period. To get a better picture of the actions of the electricity-production
companies in Belgium and the Netherlands and illustrate the effect of market struc-
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tures on innovative activities, we will look at the changing strategic positions of
significant incumbents in the markets (> 1% market share). This is based on the
qualitative analysis of the authors based on annual company reports (from 2001 to
2011) from the database Amadeus. Not to be influenced by the diverging availability
levels of recent data, we cap the year of analysis with 2011. Following that we will
proceed with two chapters to describe the context of electricity-market reforms in
Belgium and the Netherlands and the policies applied to make the energy sectors
“greener” before proceeding to the discussion of changes in R&D and innovation
levels within the two markets throughout the process of liberalization.

3.1 Electricity market reforms in Belgium and the Netherlands

The starting points of the electricity-market reforms in Belgium and the Netherlands
have been arguably different in terms of sources of energy for electricity production.
While the increase in electricity-production capacity and the total production levels
of electricity in these two countries have been historically quite comparable (despite
the Netherlands having an understandable size advantage; see Figure 1 below), the
composition of the electricity production structures have been relatively different
(see Figures 2 and 3 below). Since the mid-1970s the dependence on oil and coal for
electricity production has diminished in Belgium due to the introduction of nuclear
energy. Currently (according to the data from 2010 from the World Bank), the big-
gest energy resources for electricity production are nuclear energy (50%), natural
gas (32%), coal (8%) and renewable energy (6%). In the Netherlands, the electricity
production since the late 1960s has been dependent on natural gas. At the moment,
natural gas constitutes 62% of the total electricity production, followed by coal
(22%), renewable resources (10%), nuclear energy (4%) and oil (1%). Further
differences in the market structures and the potential impact on R&D and innovation
within the sectors are discussed below.
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Figure 1. Electricity production (kWh) in Belgium and in the Netherlands
Source: Authors. World Bank Development Indicators.
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Figure 2. Electricity production structure in Belgium by source of energy 1960-2010
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Figure 3. Electricity production structure in the Netherlands by source of energy 1960-2010
Source: Authors. World Bank Development Indicators.
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3.1.1Market structure and reforms in Belgium

The previously mentioned EU directive (96/92/EC) was the first impulse to start the
liberalization of the Belgian energy market (Deconinck and Gillard 2004), and the
Electricity Act was introduced in 1999. Before the process of the liberalization, the
Belgian market structure was highly concentrated, especially in the production or
generation segment and the transmission segment (De Jong 2006). At the end of the
1970s, only three large private companies remained: Ebes, Unerg and Intercom.
These private generators merged into Electrabel in 1990 and gained a market share
of 91%. The other market shares belong to CPE, a fusion of small public generators,
and some diminutive autonomous producers (Verbruggen and Verstappen 1999). In
1995, Electrabel and CPE formed the Coordination of Production and Transport of
Electricity (CPTE),7 which served as a participative company for the coordination
and the management of their activities in the generation and transmission segment
(Verhoest and Sys 2006). Since then, CPTE has dominated the transmission seg-
ment of the market (Huveneers 2005). The distribution and supply segments were in
the hands of the municipalities. The first segment was controlled by both municipal
and inter-municipal companies. Some inter-municipal companies joined forces with
private partners in order to have a better organization of their activities. By the end
of 1995, Electrabel was the private partner of 33 “mixed inter-municipal companies”
and served 87% of the municipalities (IEA 1997). Therefore, it is easy to conclude
that Electrabel dominated the whole Belgian energy market (see Table 1 below).

Table 1. The Belgian and Dutch energy market: before and after the process of liberalization

Before the process of liberalization After the process of liberalization

Netherlands

Belgium Netherlands Belgium

Concentrated: Domination b,
Y Less concentrated, but Acquisitions, concen-
s

Electrabel (91% market share) and

Supply/sales

(public-private elements)

company owned by main
producing companies

operator public (30%), Electrabel (ca
27%) and SPE (6%); rest stock market.

- Concentrated: Generation and supply: e
nuclear energy — publicly owned pigg;rcoelrl:fj g)lz‘:l?rggbeels ((:;;?/ﬂ market control of Electrabel + SPE | fration in the market:
i tion, trans- T o 98% in 2006) RWE, E-On etc. sold to
(eljcqmpads_s m_gbge_nera d I generation capacity in 1999; ( o0 . MNCs; Essent buys up
Sr;l)lEss;()n;o/ 1str1ku110}111 an‘ sug)lp y) of which 85% was gas- Electrabel private for profit company CHp ,companies nd
(6. o market areipu ic) - fired), Reliant, Essent, — bought by Suez (France) concentrates
company in public hands (genera- E.ON: EPZ RWE and EDF emerge ;
tion, transmission and supply) T production
y . Centralized control: Centralized, public control increased. C]f;’_" alized,l
Centralized: CPTE created by SEP — transmission CPTEMElia (transmission systems public control.
Electrabel and SPE SEP»Tennet

Nationalized and in
public ownership

Public and partially private:
municipal and inter-municipal
companies + Electrabel
(obligation to buy electricity
from company)

Transmission Distribution

Distribution-grids-regulated
local monopolies (Nuon,
Eneco Energie and Essent
biggest owners)

Same + Elia, BIAC
Public and partially private
(Electrabel ca 30% in 2006

mixed-municipal companies)

Some consolidation
and emergence of new
distribution companies

(incl. Enexis)

Electrabel + SPE (38%), municipal
(1%) and pure (12%) and mixed
inter-municipal companies (with
Electrabel 49%)

Generation

Large number of municipal
and local energy sellers and
suppliers; however, depen-
dence on main electricity
suppliers (Nuon, Essent,
Electrabel, Eneco Energy)

Increase in the number of smaller
companies in the Belgian market:
including E.ON Belgium, Luminus,
RWE, Essent Belgium, Wase Wind
etc. (however, entrance to the market
through purchase of regional utilities)

Rapid acquisition
processes, number of
suppliers decreases
(when looking at
subsidiaries)
(e.g. under Essent)

Source: Authors based on the overviews by Verhoest and Sys (2006) for Belgium and De Jong (2006)

for the Netherlands.

7 Electrabel holds 91.5% of the shares, the remaining 8.5% of the shares are property of CPE.
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The Electricity Act of 1999 served as the translation of the EU directive 96/92 at a
federal level. This law would have initiated the opening of the market by legally
unbundling the distribution and transmission segments from the generation and sup-
ply segments. This unbundling was realized by creating a legal monopoly for the
former segments (Gusbin and Kegels 2003). CPTE accommodated their high-volt-
age transmission infrastructure in their subsidiary Elia, which was established in
2001. This operator was chosen in 2002 by the Belgian government as the national
Transmission System Operator and gained a market share of 94% in the transmis-
sion segment. The municipal and inter-municipal companies were also obligated to
exit the supply segment to fulfil the regulations of the Electricity Act (Huveneers
2005). Several measures were taken by the government to breach the monopoly of
Electrabel in the supply segment, and the process was speeded up by the Royal
Decree of 11 October 2000. This decree stated that all large industrial consumers
are free to choose their suppliers. The full market opening for all other consumers
had to take place from July 2004 onwards. Furthermore, the dissociation of CPTE
and the auctioning of parts of the generation capacity of Electrabel have intensified
competition (De Meulemeester et al. 2006).

It took several years after the Energy Act of 1999 to see some limited changes in
the Belgian market structure (see Table 1 for the situation in 2006). Only two new
players, RWE and EDF, entered the generation market, but they made no impact on
the dominant position of Electrabel. The transmission segment stayed under the
control of one company. The distribution segment stayed more or less as before the
liberalization process. Municipalities retained their legal monopoly, and only two
new players entered: Elia and BIAC. The biggest changes took place in the supply
segment, where over 40 new companies entered the market. This seems very impres-
sive, but the impact was rather limited with their combined market share of 14.2%
(Verhoest and Sys 2006). The legal unbundling separated the distribution and supply
activities, and municipalities had to leave the supply segment. The new law created
a monopoly again for Electrabel with an 85.8% market share.

On the whole, the Belgian liberalization process was characterized by two dif-
ferent stages and the speed of the market opening. The energy-market opening was
officially completed by July 2003. The energy market of the Walloon and Brussels
region opened at a slower pace. According to the directive of the European
Commision (2003/54/EC), these markets opened completely for industrial customers
in July 2004 and for household customers on 1 July 2007. Thus, in Belgium a defen-
sive strategy was at work: by delaying the market opening in different regions,
Electrabel pursued an ambitious internationalization programme between 1999 and
2006 (Clifton et al. 2010, 1001). The fears of the government were proven correct,
but the delayed strategy failed, and the company was bought by Suez and later
merged with Gaz de France to form one of Europe’s largest multi utilities (for an
overview on the evolution of the French electricity policy in this regard see Bauby
and Varone 2007). It is a general conclusion that the liberalization of the Belgian
energy market was not successful either in promoting cost-efficiency or in diminish-
ing the almost oligarchic control of one energy company (or the legislators’ prefer-
ence for the latter) in the market.
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3.1.2 Market structure and reforms in the Netherlands

The opening of the Netherlands energy market took place also after 1996, when the
direction of the EU policies changed and the Energy White Paper was introduced for
the liberalization of Dutch energy markets. However, the electricity-market struc-
ture in the Netherlands is at its core different from the market structure in Belgium.
Where the former was very concentrated, the Dutch electricity market had decen-
tralized suppliers and less state regulation (Larsen et al. 2006, 2865). Thus, during
the 1990s, the Dutch energy sector faced a different set of problems (for an overview
see De Jong 2000). First, there were numerous players in the energy market. In reac-
tion, the Dutch government decided to limit the number of suppliers to 50 within ten
years in 1996 and integrate electricity with gas distribution to achieve more econo-
mies of scale (ibid.). Secondly, another set of problems (perceived by the policy
maker) was the failure of the Electricity Act of 1989, which was mainly concerned
with pricing and planning of electricity. It was responsible for the creation of a net-
work of four power generators controlled by one institution SEP (now Tennet — see
also the overview in Table 1 above). It was owned by the producing companies and
was in charge of the capacity decisions in the Dutch electricity market. In 1999, 69%
of the electricity-production capacity was in the hands of the large-scale producers
of electricity: Electrabel had 4.7GW (33%) with 85% gas-fired, Reliant 3.7GW (26%)
with 80% gas-fired, Essent 3.3GW (23%) with 60% gas-fired, E.ON 1.7 GW (12%)
with 65% coal-fired, and EPZ had 0.85GW (6%), this includes a nuclear station of
450MW and the rest was in the hands of the industry (combined heat and power
(CHP) units) (da Silva and Soares 2008, 342). The lack of completion created by the
structure was a major concern for consumers and suppliers of electricity (ibid.).
Thus, prior to market reforms, energy distributers in the Netherlands were looking
for a way to become less dependent on the main electricity suppliers (Eising 2002).

The reform of the energy sector was greatly influenced by the Electricity Act
of 1998, which gave the consumers the right to choose their own energy company
(a large part of the consumers of electricity would be able to choose suppliers by
2002, other commercial users would get this possibility by 2004 and households in
2008). The rights were, at first, reserved for green-energy providers only, but the
possibility was quickly expanded (Vliet 2012, 271). The unbundling of the electric-
ity sector followed the EU electricity directive (2003/54/EC), and the separation of
the transmission and distribution of electricity from production, trade, metering and
sales started. The main goal of the reform was to diminish market power and to
remove market entry barriers for new electricity producers that would bring new
technologies and energy sources to the electricity sector. However, electricity com-
panies Delta, Eneco, Essent, Nuon and Rendo were quickly bought up in the mar-
ket. What now is Tennet was nationalized and made into a system operator and
manager for the establishment of the national grid (Van Damme 2005). Next to that,
network oversight was established, which is carried out by a regulatory authority
DTe (Association of Electricity Producing Companies). Since the 2000s, intermedi-
ary companies have come to the market selling energy in “green”, “grey” or
“cheap” packages from various national and international energy producers (Vliet
2012). In 2007, the state required energy companies to separate the distribution and
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production of energy into separate companies by 2011. This has led to shares of
regional energy companies being sold to multinational enterprises (RWE, E-ON)
and to the creation of new distribution network companies (e.g. Enexis; this already
started in 2005-2006; De Jong 2006). Consequently, unbundling in the Netherlands
created a situation where transmission networks remained in public ownership, but
all other commercial activities privatized and concentrated (Kiinneke and Fens
2007). Table 1 above describes the processes succinctly: showing the concentration
in both electricity generation and sales, however, as the starting point was much
more decentralized compared to Belgium, the consolidation process was less
centred on single companies.

3.2 R&D and innovative activity after market liberalization

How does the above-described market-reform and market-structure analysis tie in
with R&D and innovation in the electricity sector? As shown in the theoretical
framework liberalization can produce adverse effects for R&D expenditures and
innovation in the energy sector. While it is deemed important how the reforms are
implemented in the context of different market structures, there are few studies that
concentrate on the former. This is so because, in general, R&D investment data for
the electricity sector is very scarce. Only the country-level data submitted to the
International Energy Agency (IEA) is available and thus can be comparatively ana-
lyzed. Data on corporate R&D expenditure, especially for the technology field, is
very difficult to obtain — in this article available annual company reports (2001-
2011) were analyzed to evaluate the commitment of electricity producers to RE
technologies and R&D before and after the market liberalization in the Dutch and
Belgian markets. Additionally, as indicative proxy for research activity, data from
the Research Framework Programmes (CORDIS database and SET projects; ending
2011) was analyzed to identify R&D partners and especially direction of research of
incumbent firms.

Our analysis shows that the variations in the starting conditions prior to the
reforms have led to slightly dissimilar outcomes in Belgium and the Netherlands.
The differences can be found both in terms of the technology base used in the
dominant electricity-producing industries and also in terms of incumbents’ power in
the electricity market. The production and supply of energy was far more concentrated
in Belgium with one dominating firm, while in the Netherlands, the market power
was shared among several companies, and the local supply system was decentralized.
This means that also in the Netherlands, the technology base was wider, and there
were smaller companies in different RE technology fields and more interconnected
networks. Thus, R&D was more diversified compared to Belgium. In Belgium
nuclear energy dominates when it comes to R&D. Between 1989 and 2007 only
R&D in solar energy and bio-fuels showed a slight increase in R&D-spending in
Belgium, while in all other RE technology fields, R&D has remained relatively the
same with no noticeable difference since 1970 (see Figure 4 below). Thus, despite
the slight increase in R&D-spending in solar energy — demand of which was highly
subsidized in the last decade — the energy-liberalization reforms in Belgium have not
produced a significant diversification of R&D in the direction of RE technologies.
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The prior momentum from the nuclear-energy orientation is still in place and is
mostly funded by public sources. Nevertheless, there are R&D projects connected to
RE technologies and diffusions in Belgium: for example, the construction of wind
farms in the Belgian part of the North Sea (De Mulder 2008). However, funding for
R&D in wind energy is so miniscule in Belgium that usually in international com-
parisons it cannot be displayed on graphs of the same scale graphs as other better
performing EU countries (incl. the UK, Germany, the Netherlands, Denmark etc., but
also the Czech Republic, Portugal, Hungary; see Technology Map 2009).
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Source: Authors based on IEA data (2012 edition)
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Consequently, in Belgium, only low-technology-based RE technologies have dif-
fused. The biomass and biogas technologies in addition to PV solutions are not pro-
duced in the country itself. Here we cannot assign all of the changes in technology
to market-liberalization processes alone, although the former was the single process

8 For Belgium, data for the years 2000-2006 and 2008-2010 is missing.
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which affected the incumbent companies the most. An overview of the policies and
processes outside of the market liberalization is presented in Table 2 in the Appendix.
However, in the 20-year-old solar thermal industry in Belgium, not many companies
have survived the liberalization — at the moment only 4 to 5 companies have survived
the competition with the largest supplier of equipment, HVAC (Verbunt 2011).

In the Netherlands R&D spending has shown some indication of diversification:
from 2005 onwards, non-governmental R&D spending has increased from a basi-
cally non-existent position (see Table 3 in the appendix). However, private spending
has been highly irregular, and the most noticeable increase has been in the field of
bio-fuels. Governmental spending in the field has risen considerably since 1996.
Resources for wind energy are higher now, but during the last decade, they have been
wavering in the Netherlands (remaining on a level comparable to the period 29 years
ago; see Figure 5 above). During recent years, the non-governmental part in the
R&D expenses has increased (see Table 3 in the appendix). In the last decade, the
total R&D resources allocated to the research of solar energy have improved. Fossil
fuels have slightly improved (see Figure 2 above). However, as many projects
started prior to market liberalization, it is hard to make a causal link between the two.
Having transmission rights under public control may have led to smaller decentralized
companies having access to a larger market base.

As such, there has not been a large shift in the direction of R&D spending in
either Belgium or the Netherlands after the opening of the market and the unbundling
of production, transmission and supply services. However, as there has been an
increase in the proportion of electricity production from renewable energy sources in
both Belgium and the Netherlands, the companies’ commitment to using RE tech-
nologies for the production of electricity after liberalization processes is worth con-
sidering. The authors of this paper examined annual company reports and websites
for companies having more than 1% market share in Belgium and the Netherlands
for electricity production for this purpose. The subsequent list of the 6 energy pro-
ducers in Belgium and the 5 energy producers in the Netherlands is presented in
Table 4 in the appendix. While electricity-producing companies actively use the
existence of RE sources in their production portfolios in marketing, the commitment
towards RE sources and R&D, however, was not apparent in their annual reports. In
line with the R&D spending overview presented above, use of RE technologies and
investment in R&D are rarely presented in these company reports, meaning that for
the largest incumbents in the Dutch and Belgian market at the moment, sustainable
energy production is not a considerable factor for prospective investors (for it to be
included in the reports) or a large-scale commitment for the firms themselves.

Nevertheless, there were some notable aberrations. First, Essent in the
Netherlands, the largest energy producer in the Dutch market after Electrabel
Netherlands, E.ON, Essent NV and Nuon NV, reported to have produced 17.9% of
the energy generated from sustainable sources (accounting for 23% of the total RE
produced in the Netherlands). In 2010, Essent was acquired by the leading electricity
and gas company, RWE Group (German), which has tried to expand its portfolio
towards RE sources in recent years. The main RE fields in Netherlands are biomass
and wind energy. However, Essent did not become the biggest player in the Dutch
cogeneration market (biomass) through building up capacities from the ground up,
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but through a merger between two CHP production companies and several distribu-
tion companies (Hekkert et al. 2007, 4685). Furthermore, E.ON, EPZ, Electrabel and
Vattenfall-NUON own co-firing biomass capacities (see also report on bio-energy
by Schwarz et al. 2011). As such, the second exception, based on company reports,
is Nuon Belgium N.V. It is a fully renewable energy producer (large electricity-
production capacity from a wind farm in the Antwerp dockland area) with a market
share of 5.1% in 2011. Nevertheless, this company (as well as the previously men-
tioned Essent) has been subjected to larger multinationals expanding their produc-
tion portfolios: from 2011 onwards the company operates as the subsidiary of Eni
S.p.A., an Italy-based energy firm engaged in exploration, production, marketing,
distribution and sale of oil and natural gas (see Deloitte 2011). Thus, multinational
companies have bought market shares in RE production in Belgium and the
Netherlands rather than entering the market as new entrants. Looking at the incum-
bents, this means that in both countries, through the process of liberalization and
opening-up of markets a small group of large multi-nationals has emerged. Their
activities cover North-Western Europe, which makes their R&D activities hard to
distinguish and dependent on the groups’ interest. For the largest incumbent in the
Belgian energy market, it was noted in the annual reports since 2004 that the Belgian
subsidiary of Electrabel (acquired shortly after the market liberalization by the
French GDF Suez) has no considerable R&D commitments in RE technologies or
else. In line with the conclusions from Markard and Truffer (2006) discussed in
chapter 2, a direction towards customer-oriented innovations was chosen in
Electrabel in 2006, after the opening of the market. This is also true for Luminus,
which has participated in two projects of intelligent networks since 2009 with KU
Leuven (Electa, CUO) and others (SET projects data; CORDIS 2012). Established
companies in the Netherlands, as well, are further along with the “smart metering”
than other R&D projects (Technology Map 2011).

This does not mean that energy technologies are not developed outside of the
electricity-production sector. As mentioned before, most of the R&D in the energy
sector is carried out outside of the companies producing energy. For this, the authors
mapped the SETIS projects in the EU: for example, in Belgium there is a world-class
wind-turbine producer, Hansen Transmissions International, that makes equipment
for a German manufacturer, ZF Friedrichshafen AG, and 4Energy Invest NV, which
invests in biomass-related projects (however, neither is a major electricity producer,
the former has a capacity of 503MW and the latter has 18MW; Deloitte 2011).” In
the Netherlands, there is a large R&D project in wind energy, INNWIND (the coun-
terpart of the famous UpWind research). It has a technology-oriented electricity
producer with the involvement of ECN (SET projects data; CORDIS 2012). But
again, the established companies in the market (see Table 3 in the appendix) were
rarely represented in these joint R&D projects (SETIS), apart from the above-men-
tioned “smart” solutions for energy networks and also in projects not directly con-
nected to RE technologies, but prior to production capabilities. For example, E.ON

9 Estimated installed generation capacity in Belgium is around 19,627MW (in mid-2011) (GREG 2011),
of which according to VREG data CHP constitutes 1491MW, hydropower IMW, solar energy (PV) 977 MW,
onshore wind 264MW and other (including biogas and -mass) 623MW.
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Benelux Netherlands/Belgium and Electrabel Netherlands are involved with several
projects connected to CO, capture and storage, and Nuon is involved with low-
emission gas-turbine technology (SET projects data; CORDIS 2012). Thus, in line
with the theoretical considerations, in the exemplifying cases we did not see
considerable changes in commitments of electricity producers themselves. What
happened is that the incumbents started to support low-technology-based
RE-technology solutions and customer-oriented innovation. This is especially true
for the Netherlands (Raven 2006; Negro et al. 2008), because the market was already
considered to be highly mature (with high levels of decentralization to begin with),
and since 1998 larger capacity developments were made by mostly national and
foreign energy companies who built CHP plants for their own supply and had large
surplus of electricity to sell on the market (Finon 2008, 155).

4. Discussion and conclusions

The focus of this paper has been on the market structure of energy markets and its
influence on innovative activities in the process of liberalization. In addition to the
theoretical overview, we used two cases — Belgium and the Netherlands — to exem-
plify the arguments made. From the review of previous research and the exemplify-
ing cases we can conclude that market-based measures are not enough for transfor-
mative innovations in the energy sector to emerge. In both countries, the market
opening has led to restructuring, and a small group of large multi-nationals has
emerged whose activities span across North-Western Europe, which makes their
R&D activities hard to be distinguished and dependent on the groups’ interest. As
there is demand for green energy from the government side, larger multinational
companies have chosen to acquire market shares within these countries from the
existing incumbents and their RE projects (e.g. Essent and RWE in the Netherlands)
rather than to establish themselves as “new” entrants in the market. For the incum-
bents, RE or other larger technology commitments are hard to find, while customer-
oriented innovations have soared. This is not wholly problematic because most R&D
and innovations in the electricity sector are conducted outside of the production
companies themselves, although large sunk costs of existing infrastructure can
become a large market-entry barrier. However, it is very difficult to ascertain cau-
sality between policies and outcomes — liberalization and R&D increase/decrease
— because the policy mixes are widely different and complex and furthermore, there
are very varied market mechanisms in use (see also Jaffe et al. 2002; 2004). This
makes not only the analysis complicated, but also the policy context; hence, it is not
surprising that in the overall goals R&D and innovation diffusion policies in the
energy sector have failed.

When R&D-related rhetoric is brought into the market-liberalization reforms it
seems to, furthermore, simplify the debate. It is not always clear if the governments
understand that deregulation and liberalization reforms alone do not have the desired
effect on R&D in the energy sector. At the same time, prior research has shown that
regulators are largely ineffective in influencing the performance and investments of
market incumbents throughout liberalization reforms (e.g. Ugur 2009). As such,
there are barriers created by policy and regulatory frameworks that stand in the way
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of regime shifts: unclear messages about the need for new technologies and their role
in the energy system result in uncertainty about the future of market development
and regulatory barriers to the deployment of new technologies. There is also risk
aversion at play from the side of the public sector: governments do not risk change
in the face of the political cost of vested interests (Tsoutsos and Stamboulis 2005).
At the same time, it is highly unlikely that a process away from the market-based
mechanisms (back towards more hierarchical measures) will be taken in the EU in
the near future to regulate the sector. This means that the policy options regarding
the increase of R&D and innovation in the electricity sector (especially towards
renewable and clean energy sources and away from the use of fossil fuels) should
first take into account the market dynamics which by now characterize the sector (for
a similar argument see Jamasb and Pollitt 2008) and also the need of investment
outside of the production firms hinting at the increased importance of network-based
solutions between R&D organizations and the industry.

The main policy challenge here is the slow diffusion of RE technologies within
the sector. The construction of the electricity sector plays an important role for the
introduction of RE technologies, and the effect of the market structure should be
addressed in liberalized market conditions. Hence, different policy approaches
should be constructed depending on how fragmented or concentrated the market is
(see the differences for Belgium and the Netherlands) and based on ownership struc-
tures (foremost, public or private, but also multinational ownership). Nevertheless,
increase in funding alone will not guarantee innovation in electricity production, nor
will automatic incentives such as tax breaks. It may require more specific measures
depending on the technology field and the number of competitors present in the
market. Consequently, the actual technology push in the liberalized energy market
needs to be reconsidered, as relying primary on market demand may not be the most
beneficial direction towards the diffusion of RE technology. Thus, not only are pub-
lic subsidies to RE development needed, but there is also a need to deal with the
diffusion of clean technologies among private market participants.

The main contribution of the paper is to highlight the importance of factors in
large-scale reform processes and their indirect effects. The latter seem to disappear in
the overall rhetoric of high-level policy making. This is dire in the context of the need
to have high levels of private-sector involvement to employ renewables, CO, capture
and storage and other green technologies on a massive scale in the upcoming years due
to the climate challenge. Compared to the scale of the issue, the cases of Belgium and
the Netherlands presented in the article were, at most, illustrative, but hopefully they
will exemplify the need to analyze market structures, incumbents and network part-
ners in the energy sector in more detail when also planning market-based measures.
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Appendix.

Table 2. Greening of energy in Belgium and the Netherlands — overview of parallel
activities to liberalization

Belgium The Netherlands
In 1997 Belgium was at the bottom of the EU15 In the Dutch electricity sector natural gas still plays
with the production of only 1.1% RES-E (Renew- a substantial role. The country has large domestic
able Electricity Standard for Europe) of gross elec- natural gas reserves that contribute to the countries’
tricity consumption. Together with the Energy Act energy security. Thus, the promotion of the adoption
of 1999, the government has since been promoting of RE technologies could have been hindered from
the use of renewable energy sources and energy the start; however, the feed-in tariffs were intro-
efficiency. For the promotion of “green” energy, duced to the electricity sector already with the 1989
mainly market mechanisms have been used, while Electricity Act. Nevertheless, the high generation
the public spending in the R&D field of 3rd nucle- costs of RE and the tariffs on their own made it hard
ar-energy reactors still dominate over all other to have a market for the technologies, although
research fields (including outside of the energy wind-energy technologies received the largest share
sector). The facility is scheduled to be completed of R&D contribution for RE from the government at
in 2014, and the total construction cost over the the beginning of the 1990s (Agnolucci 2007, 870).
period 2010-2013 is budgeted at approximately The adoption of RE goals into the Dutch policy
€960 million (see SETIS 2012). For the ESNII-2 framework can be dated back to the White paper of
MYRRHA project 40% come from the national 1996, which introduced the goal of a 10% share of
funding (15% from other European countries, 5% renewable energy of the energy production of the
from non-EU countries and 30-35% from EU Netherlands and the promotion of increase in energy
grants and incentives and 5-20% (open) from an efficiency (see De Jong 2006; Junginger et al. 2008).
EIB loan (Baetan 2011). This also means that the Green electricity was specifically defined in regula-
nuclear research reactor (MYRRHA nuclear fis- tions as energy from biomass, hydro-electric solar-
sion research infrastructure) in Belgium is consid- cells and windmills (Reijnders 2002; Agnolucci
ered part of the new EU research infrastructure for 2007) — the latter was already mentioned in the 1989
wind, solar and nuclear energy within SETIS. Electricity Act.
This in an unusual situation where a conditional Indirect measures, such as the regulatory energy tax
agreement has been made by the government to (eco-tax) (Van Rooijen and Van Wees 2006; Jungin-
close three nuclear reactors by 2015 and phase out ger et al. 2008), were used to subsidize green energy
nuclear energy altogether (Deloitte 2011). Here, it use in the Netherlands (Agnolucci 2007). Within a
is good to note that in Belgium, nuclear-related few years, the number of green-energy users
R&D (fusion and fission) is under federal respon- increased substantially (by the end of 2002, it
sibility, namely through the DG Energy by the amounted to 1.4 million), and the demand for green
FPS Economy, while administration of non-nucle- energy outnumbered the national supply, mea—ning
ar-related R&D activities is the main responsibili- that it had to be imported from other countries (Van
ty of the regional governments and coordinated Sambeek and Van Thuijl 2003; De Jong 2006). This
through regional authorities (Technology map resulted in a situation where Dutch tax money was
2009). This means that all other “greening” mea- used to buy green-energy certificates from neigh-
sures (also the electricity certificates discussed bouring countries and the actual exchange of RE did
shortly) are under the control of three different not take place (Van Rooijen and Van Wees 2006). In
regions (Walloon region, Flanders and Brussels), 2003 the policy changed, however, from demand
all of which have slightly different targets and subsidy to supply promotion: while smaller tax
implement their own regional market measures. breaks for consumers remained, producers of green
energy in the Netherlands now had a guaranteed
subsidy for 10 years (Van Damme and Zwart 2003).
The main tool to stimulate the “greening” of the As the criteria within the eco-tax law were not well
electricity production in Belgium is a system of specified, it was modified in 2012 to include physi-
so-called tradable green-electricity certificates or cal imports of green electricity from countries with a
TGC’s, combined with penalty-enforced quotas on liberalized energy market to receive the tax break
electricity-supply companies (VREG 2012ab). A (Reijnders 2002).
second governmental tool is used to stimulate
energy efficiency with a similar system of cogene-
ration certificates. The system of cogeneration Throughout the mentioned measures offshore wind
certificates works with same type of penalty- technology and biomass technology were clearly
enforced quotas (Deconinck and Gillard 2004). As favoured (Dinica and Arentsen 2003; Jacbosson and
such, in Flanders, since the mid-2000s, the number Bergek 2004; Van Damme and Zwart 2003), while
of green certificates has increased substantially, several other green industries were not able to sur-
mostly from the technologies linked to the use of vive in liberalized circumstances (an example of the
biomass and slightly from biogas (VREG 2012ab). latter is the Dutch CHP market; Hekkert et al. 2007).
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At the same time, the number of certificates
given out to wind energy has increased since
2005, but has remained relatively the same since.
Also, after 2009, the number of certificates
issued to solar energy has started to rise. This
can be seen in parallel to the deployment of
solar-energy subsidies, and the latter has
decreased in recent years.

Thus, stimulated by TGC’s, green-energy diffu-
sion has been led on the company level by larger
industrial enterprises installing some green-
energy- and electricity-producing measures to
their production process. The Antwerp Port
Authority and the Left Bank Corporation, for
example, have decided to invest in up to 100
wind turbines to be constructed in 2013 (Deloitte
2011). With the latest market-based measures, the
Flemish government guaranteed a fixed price for
10 years for tradable green certificate for wave/
tidal energy (Technology map 2009).

Thus, the development of different RE fields —
incl. the favoured wind energy — were fought
with several system failures (see, e.g., Junginger
et al. 2004; Negro et al. 2012) and also resistance
from larger electricity companies (Bergek and
Jacobsson 2003). Even though there were several
market-stimulation instruments introduced, such
as investment subsidies and taxation on electrici-
ty, the difficulty in obtaining buildings permits
or public support slowed down the diffusion rate
of the technology, and the new RE technologies
did not diffuse quickly in practise (e.g. Kamp
2008; Negro et al. 2008).

Source: composed by authors.

110




t, David den Besten, Pieter Vandeven, Xinhui Yu, Dalia Paplaityte

onuris

Piret T

(L00T 30 uondooxa oy} YIIM) (293 UO UOHEZIUBSIO 3y} 0} 0T Ul BIep SulAld paddols Anunod auy se qe[IeA. Jou ST WNIS[RE J0§ V] WOLY EJep Je[IWIS o

(2107) ©IBp YA UO paseq SIOyIne oy} Aq paje[nd[e)) :00I1n0g

. . . . ) . . sisk[eue
0 | Ty | 0 | L0|T0]| I 0 |90 | 0 |60 0 | ¥0 | 0|90 0 |zo| o0 |It| o |TI|O0]|¥s]| o |zrL| olzz| ol +s wo)sAs
A31oug 1L
0 | S0[90|+0 |+0| LT | I'T | 6T| 0 | S0| 0 |T0 | 0 | 00 : : : : : . . o3e10)s
0 | S0 0 60| 0 |80 |0 €0 00| 0 |Tl 0|50 | HE
uonnqLusp
0 l9z| o le6|eco| o | o] 8T| 0| ool . .
6S | 10| 0ov | 0 9% | o | velo [so| o co|lo 61| o0]|sz|olec] ol oc puv
UOISSTWSURI}
Ayotnoarg 79
UOISIOAUOD
0 | 10 [80)/00| 0 |00 | O | 10| 0 |00 0 |00 0|09 0 |gs|o | €L|o 18|01/ 0/]718|o0]sgor oloorl 1omod
oL1I09[H 19
0 6Ll 0 |[vT o1 TS| 60 | L81| 60 | 9v| 60 |s€1| 0 | $81| o |osi| 0 |s1z| 0 |sTz| 0 |Lvi| 0 | wer| 0 | s o | ol S
Ied[ONN §
0|oolo 0 0 0 00| 0 | 00| 0 00| 0 00| o0 00| 0|00 0| 10| 0| 00| 0]|00|0]o00 | R0
-0IpAH 9¢
olor|ojro|o | - 0 0 00| 0 |00 | 0| 00| 0 ]0E|O0|00]| 0 00]O0]0L] 0]s0o]|ol|co|lo]o0 A310ua [ewt
~1941090) €
(sosedoiq
ol i Lo || . . | . . ) . . . . . . pue sprjos
91 |S6v | Iv | 81| 6 | 0°TC | 842 | 10T | 91 | %L/ €TL| £6 | 0 | S€C| 0 | 91| 0 [¥T| 0 (901 | 0 | 1TL| 0 | €6 | 0|99 | 0 | 65 | uprionn
s[enjorg ¢
80| 10| 0 |c0/ 0 0 0o oo o |oo|lo|oo|o ] oo|o zo|o |zo|o oo of|t1o|o]10]|0 ] 00 Azsaua
ued9Q €€
86 |¥IZ| 0 | v6 |91 | Ly | T1 | SS |60 | Th | v0 |¥¥ | 0 | 001 | 0 |81 0 |¥21| 0 |82 |0 |¥8| 0 | €9 | 0o |1L]| 0| 6 %MM:MM
e leoz| €T |9st| 90 [Tpr | Lo | €11 90 | 01| 80 |€Tl| 0 | ost| 0 |sz1| 0 |6ST| 0 |61l | 0 |tL1| 0 |80z| 0 |o6l| 0 | L€l hwwmqm
0o loo|oloolo|solsoleco|eolsz|eolci|olzz]olezlolrololro]lol|co|l ofst|olsz|olo¢ 180D 7T
0 |Lz|ooles|co| 1L [ vo | v9 | 1| Ls|zo|se | o eor| 0 |6st|o | Lo |[¥8|0 | ¥L| 0| oL 0o|68| 0| 6L |seSprEpoic
of |ziz|ce|vor| v | rer | e ot | 81 |8or| 6v |98 | 0| rer| o e8| o0 |82 | 0 |98 0| 18| 0 | ¥6 | 0|SIU| 0 | 601 | SPyussoqg
ON| D [ON| O [ON| O |ON| D |ON| D |ON| D [ON| O |ON| D [ON| D [ON| O |ON| D [ON| O |[ON| D [ON| O
0102 6007 8007 L00Z 9007 S007 €007 2007 1002 0007 6661 8661 L661 9661

o_SaEEo& DN UOI[ITA]) Pa1eduiod s32.1nosaa (HN) JUSWULIACS-UOU PUE (©)) JUIWWIIA0S :SPUBLIIYIIN 9Y) ul Surpuads 29y AS19uy "¢ 9[qe],

111



the Energy Sector

ion in

Market Liberalization and Innovat

"900¢ 210joq wnIS[og AL +SNUIUNT+HdS ‘110T 210J9q AN AdS ¢
“(110Z am102) ‘A’N winigjag uonN dxmboe 0} paside sey wiy AZI0us paseq-AJel] paisi| oy “y d'S Iy [[07 WOL] ¢
"3[qE) 3y} UL ISy 338 — Xnjaudg NO'N 10§ 3[qe[IeAt A[uQ |y

. . . . . . . (%) 21BYS
SiLl TSt L€l el 9Tl el L€l 6 VN VN VN e
685°€01°9TC 059°868 LT CILTIFSIT 126°TIL69 £87°206'7€ Y V6T 1~ 000420°6Z- 000°5¥9°9C VN VN VN sijoid
YOLLSTOIST | 900°TLLT6LT 919°608°5€9°T TSIOLITLTT | TOLGEV06T'T THI'SLY'SIET 000°€65 7011 000L¥€100'1 VN | VN | VN | oziswyg
(onqnd=g4ds
a10J0q ‘areArid
900¢ woly)
snun'y JqA
€l
. . . . . . . (%) 21eys
I's 9f L [ e 43 8T 4 VN VN VN "
SL6P8Y 91 L8YELOLI LOT'ESTO1 PSOPPLTI £0L'68 €10°6vE v (544 000'720°ST VN VN VN s1yoIg
S8L9THPIT 96L°€50°0C S66°TLLST 0TTLTILEIT 709°816°L91 L68°T8I'SI1 000167511 000°966'76 VN | VN | VN | oziswiy . (reatid)
E:W_om uonN
[CAEL
thosrey
L¥S'86T 662°699°S- SEYHOL6- $19°700°1- 96€°99L YLT'S9Y 99¢ (397 VN VN VN snjoiq
TIL'LT6H01 9PESTSLY 8LSLEV'OLI 191°686°8C1 1LV P16°'SL 85068071 0006099 000°9ST°S VN VN VN oz1s Wiy
0 0 0 0 0 0 0 0 VN | VN | VN | dxeawd (rearad)
wnspg NO'A
. . . . . . . (%) d1eys
I'c 81 ¥4 €T €T = L1 6T VN VN VN S,
18T°€T1°9- 65Y°96L°C- 687°TE191- 19L°696°¢- 16L°566°91- 9PL'8S0°CT- 000°€09°9- 000°€T1°8- VN VN VN %wmw
LTH169°€8 069°60L°9L 8L0°98+°9S 81TVL6'E8 L8EFOP'SS LSO'SSH 9€ 000°TIS6T 000°691°81 VN VN VN 9ZIS uLiL]
(ereatid ‘9007
0 0 0 0 0 0 0 0 dxo 29y | 210§0q M)
wnid[ag yuassy
1102 0102 6002 8002 L00T 9002 $00T $00T €00T | T00T | 100T

NWAIoTad

(3aeYS JIBW ¢/ [<) SPUBLIIYIIN Y} pue wNIS[RY ul sdtueduwod uondnpoad ASI9Ud JO MITAIIAQ “§ J[qe],

112



t, David den Besten, Pieter Vandeven, Xinhui Yu, Dalia Paplaityte

onuris

Piret T

110 PUBIOPAN UI 9ISI0UF :90IN0S "SISEq B SB PAsn SI SPUB[IAYIAN YL, UT A1101109[o jo Ajroeded Sunjerouod

(%87) udssg ud (%67) UdALIPagsINN VI TAA “(%0S) SAV £q paumQ ¢

pajeisul €303 YL “(MIA ur) Kuedwoos ay jo Ayoedes uononpoid AoLodfe d[qeieae Juisn vIep JO OB] 0} NP PAJR[NOEd dI SIILYS JOIBW JO peajsul sareys Ayoede) o

000°T6€°8T 000°1¥9°T€ 000°LEETE 000°810°5€ 000°058°C€ 000°650°7€ 000'7S¥9¢ VN VN VN s1joid
conct P (e cocc crone ‘o A (oreatad)
0007905"8L1 000°016°T61 000'7LETIT 000°9€€°9TT 000°190°1ST 000°018°$9C 000°CrE0€T VN VN VN dzIS WL | ¢[ Em_w—
SANV'T
.wf::.mz
(%)
€8¢ oy 9ty STy 6T €€ [43 1€ VN VN VN areys
JEIN
€00°19%°901 EPI'ESY IT 9IVLITYLT T9°095°L9 8E1°£99°101 LY6°S1T°001 000°190°91 000°1T1vL VN VN VN sjoId
898°TLOLIOE | TSO'S8H'868°C | O19°6LF'99L'T | LSLLIS'B09'E | SE6'VEF'YT8T | 19¥156°ST6T | 000°8TSLETT | 000°T66°668°T VN VN VN 9718 WLy
(oyearxd)
“dxo gy | Suonmios
REN T
[Pqenddrg
(%)
1'8C 8'8C LT 1'0¢ 8¢ SIe 9'¢e 8e VN VN VN areys
RN
Juowdoforap SOIALS
d[qeureisns JOWOISND U0 K3a1e08 Ul
uo siseyduo .m_ma ) duw VN VN VN soSuey)
108uong e
onpoid
. VN VN VN
e JOTd %
TOLOSLTTIT | L6VTIS'600T | ¥S9ISSIPI‘ IPL'TOL'TLL £99°91€°658 LIS 9SY'STL 000°SLOYSL 000°L88°LTL VN VN VN syoid
ILLITLYYTOY | 8LS'€6S'0S9'LY | Y1 P06 PSY'Sy | 091°610°SL6'TY | SLYOIL'8YYLE | IL6VLOTHT'OT | 000 T90L6S6T | 000LSL LY 8T VN VN VN 9ZIS ULIL]
sor3o[outo9}
Sunnjjod-uou souewriopiad (oreA11d)
PUE 9oUEULIOY I1139q asd 19qed91yq
-10d 191399 :Je03 105 %Y
‘saLeIpisqns
ysnoip ay

113



the Energy Sector

ion in

Market Liberalization and Innovat

"aqe[IeAe Jou sI Ajeredos SpUBLIDYION AL pue wnIS[dg uo uoneuLoyul ‘dnoi NOJ Y3 10§ d[qe[ieae sprodox [enuue sey xnpuag NOH g
*a1510ug puowu(Ty Jo IUMQ 44
*110T 1090300 90UIS SAIBYS JO %) PUL 9%, ABY ‘A" SUIP[OH S90In0say AS1ous ud "A'g AS10ug VITdA
1804 10d A310u0 UAIT (YMIA) 000°SS SOUIqIN) puim / [BI0) Ul Z10Z Ul ‘MINZ] AS10u0 puipy ‘MINLZY ASI0Us-01q pue [80D) ‘MINSIS ASIous 1eajonN :uononpoid 800z 91

xnpuag
8l Noa
%L 61 VN VN VN VN VN VN VN VN VN VN (%) d1EYS JONIRN
VN VN VN SIJoI
000°206'70LT | 000°9€+°0TS‘T | 000°6L9TEE’T VN 000°T0S V€T | 000°€86°LLT'T VN VN VN ozIS WLy
SSuIp[OH
REILT|
Pqedd
%T'E % %T'€ 0,7 %T'E o7 o7 o7 (%)
o %C'€ o %T'€ %C'€ %T'E %C'€ VN VN VN areys Aoeder)
000°€16°LET 000°502°86 | 000°TIS‘6PL | 000LSS'Ly~ 000°9TT° 811 000°6£6°T6Y 000°68€°865- 000°79L'81- | 000°TTT'LEI- | 000°0FF 6~ syjoIg
000°69€°TPS S | 000°CLI'V6E S | 000°908°165°C | 000FSSLEL'S | 000°10TLS6'E | 000'61T965Y | 000°4L6°0T6 | 000°TLI0EY'9 | 000°6£8°089°9 | 000°S69°TILS 971 WL]
(oriqnd)
LEpn
uddaayuy
%SL'E %SLE %SL'E %SL'E VN VN VN VN VN VN VN (%) Anoede))
000°8Eb°€E 000°95S°€€ 000°8CL9Y | 000°568°€T 000°529°6T 000°€L8°8T 000°999°S1 000°989°0C 000°0LL9T 000°60T°CE 000°€9T°9 sjoIg
000°€96°S6S | 000°€HH9SS 000°€16°S9S | 000°6Z1°06% | 000°819°S6F 000°L1¥12S 000°01S 161 000°L00°89% 000°S$8°0IS | 000°0L9°08% | 000°9€6°81S 9Z1S WLy
(orqnd)
Nzaa
%ET %E€ET %ET %ET %ET %ET %ET %€ET VN VN VN (%) deD
%l onpoid Jo Y %
000°001°€9L | 000°00€00%F | 000°000°690°T |  000°000°SE6 000°000°T9L 000°000°9ZS 000°000°LIY 000°00068€ | 000°000°TIE | 00070001+ sujoig
000°00%°S09°01 | 000°000°LLE TT | 000°009°6Z8°L | 000°000°40T°8 | 000°009°8SS9 | 000°00S°L0S°9 | 000°00£08S'S | 000°00I'STS'S | 000°000°SL6'S | 000°000°089°8 azIS WL
MY
Jored
010 2duts)
JUISSY
0/ 0 I (%)
%L0'9 %L0'9 VN VN VN VN VN VN VN VN VN areys Aovden)
dHD VN N VN 20x1p O3ojexs

MON

114



t, David den Besten, Pieter Vandeven, Xinhui Yu, Dalia Paplaityte

onuris

Piret T

‘snopewry aseqejep pue syrodar Auedwos [enuue uo paseq sioyine £q pastidwo)) :201nog

%9°Y1 %9°v1 %9°Y1 %9'Y1 %9v1 %9'Y1 VN VN VN VN VN (%) a1eys 131N
000°000°7SS | 000°000°TZL 000°000°961 | 000°000°66€ | 000°000F1T°T 000°000°6+8 000°000°860°T 000°000°CES 000°000°9€S VN VN sijold
000°000°8%8°9 | 000°000°$89°8 | 000°000°9I8°L | 000°000°8LF6 | 000000 TO9TL | 000°000°SL80L | 000000°ESI‘TT | 000°000°STTOL | 000000°ESS 0L VN VN QZIS ULIT]
(spuey
-13YN)
NONN
%EL VN VN VN VN VN VN VN VN VN a)
o VN areys Ajoede)
VN VN VN VN VN VN VN VN VN VN VN sijold
VN VN VN VN VN VN VN VN VN VN VN 9ZIS WHL]

115



Market Liberalization and Innovation in the Energy Sector

PIRET TONURIST is a junior research fellow at Ragnar Nurkse School of Innovation
and Governance and her research topics include innovation policy, energy technolo-
gies and social innovation. She has worked for the State Audit Office of Estonia as
a performance auditor in the field of innovation and entrepreneurial policy. DAVID
DEN BESTEN, PIETER VANDEVEN, XINHUI YU AND DALIA PAPLAITYTE were col-
leagues of the main author in KU Leuven between September 2012 and June 2013
and helped with the collection of empirical data for the article. Correspondence:
Piret Tonurist, Ragnar Nurkse School of Innovation and Governance, Tallinn Uni-
versity of Technology, Akadeemia tee 3, 12618 Tallinn, Estonia; E-mail address:
piret.tonurist@ttu.ee.

116



