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Introduction

. Introduction

1. The need for renewable energy sources (RES) support
policy

While traditional forms of RES like biomass combustion, solar drying, hydro power, and
windmills have been utilised for thousands of years (see Blok 2006a for a brief history of
energy use), the public interest in RES has increased significantly in the last four decades
(see e.g. Meyer 1995 for the evolution of Danish wind power support policy and Hirschl
2008 for a stakeholder analysis of the German RES policy development). In the 1970s,
during and after the first oil crisis, proponents of RES stressed the advantage of becoming
independent from the finiteness and price volatility of fossil energy sources (e.g. Bach and
Matthews 1979). Furthermore, with increasing concerns about the environmental damage
of fossil fuel combustion and the risks of nuclear energy in the late 1970s and 1980s, the
environmental benefits of clean RES use® were recognised, in the first place focusing on
the diminished local damage like air and water pollution. Since the 1980s, the greenhouse
gas emissions of fossil fuel combustion and their impact on the global climate have become
an increasingly pressing problem. Increasing the share of RES in the energy system has
evolved as one major strategy for combating climate change (e.g. Speth 1989, Edenhofer et
al. 2011).

Policymakers have recognised that, in order to compete in the energy market and replace
conventional energy sources, RES need to be promoted with specific RES support policies.
These support policies should overcome the major market barriers for RES.

Common barriers for increased RES deployment are
e  Economic and market barriers

0 RES are not cost-competitive under current market conditions (high
capital costs, unfavourable market pricing rules, subsidies for competing
fuels, etc.)

o Limited access to finance and high cost of capital due to high perceived
risk
o Power markets are not prepared for RES (lack of access to the power

markets, exercise of market power by large players, design not favourable
for supply-driven RES, etc.)

e Administrative and legal barriers

! The actual environmental benefit or damage of RES use largely depends on the type and
mode of application.
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0 Inefficient administrative procedures (high number of authorities
involved, lack of coordination among authorities, lack of transparent
procedures, long lead times, high costs for applicants, etc.)

0 RES are excluded from or are insufficiently considered in spatial
planning

0 A lack of or insufficient standards and codes for RES equipment
(specifications not well defined, not expressed in EU/international
standards, etc.)

0 Tenancy and ownership laws impede the development of building-
integrated RES technologies

e  Grid related barriers

0 Grid access is difficult to obtain (network operators are not open to RES,
lack of transparent procedures, long approval times, unfavourable cost
allocation leading to high grid connection costs)

0 Lack of available grid capacity (weak grid environment, lack of
interconnection capacity, non-existing or slow grid reinforcement and/or
extension, grid congestion leading to curtailment)

See chapter 1 for a literature review and discussion on RES barriers.

2. The evolution of the European RES market and policy
framework

Up until the 1990s, policy support for RES in Europe focused mainly on research and
development (R&D) (Blok 2006b). After several countries introduced support policies for
RES delivery (e.g. Denmark, Germany, UK, etc.), the focus gradually shifted from R&D to
market deployment policies during the 1990s. In 1997, the European Commission
published a White Paper that set the first target for RES deployment in the EU: the
contribution of RES to the gross inland consumption of (primary) energy was to increase
from 5.4% in 1997 to 12% in 2010 (European Commission 1997). In the following years,
this 2010 target was underpinned by two European directives that formulated requirements
of the EU member states, particularly the requirement to introduce policy measures to
increase the market share of RES. The Renewable Electricity Directive 2001/77/EC and the
Biofuels Directive 2003/30/EC set indicative targets for the RES share in the electricity and
transport sectors in 2010: the RES share in electricity consumption should increase to at
least 21% in the EU-27 (22% in the EU 15), broken down into individual member state
targets; the share of biofuels in total diesel and petrol transport fuels should increase to at
least 5.75% in all EU member states. In contrast to the White Paper, these two directives
define more concrete policy requirements to the member states. Member states are
requested to introduce effective policies to promote RES electricity and fuels, to remove
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administrative and grid access barriers for RES electricity installations, and to regularly
report the progress made towards their national RES electricity and biofuel targets.

As mentioned above, a number of member states had already implemented national support
instruments for RES at this point in time but the two directives triggered additional
attention to RES support policy design (see e.g. Reiche 2006). For RES electricity, the most
common support instruments have been feed-in tariffs, feed-in premiums, and quota
schemes with tradable green certificates. Furthermore, different fiscal and financial support
instruments have complemented the main support schemes. In the RES heat sector,
investment grants and tax incentives are the most common schemes. Lately, some member
states have also introduced RES heat use obligations and premium systems. In the RES
transport sector, tax incentives and quota obligations for biofuels are the dominating
schemes.

The effectiveness of these support instruments in reaching the 2010 targets varied greatly.
While a few member states overachieved their targets already before 2010, many states
were not on track to reaching their 2010 targets, which led to a discussion on the need for
binding targets. Shifting the focus from 2010 to 2020, the European Council agreed on new,
binding RES targets for Europe in March 2007 that are based on an earlier proposal by the
European Commission (European Commission 2007a): the share of RES in overall energy
consumption? should increase to at least 20% by 2020 (Council of the European Union
2007); the share of biofuels in total transport consumption to at least 10%. The RES
Directive 2009/28/EC, which entered into force in June 2009, translates these binding
targets into a legislative framework: the European target of 20% RES in the gross final
consumption of energy is broken down into binding national targets for the EU-27 member
states; the biofuels target is translated into a 10% RES target in the final consumption of
transport energy that applies to each member state individually. Based on the experience
with the earlier directives, the 2009 RES directive also addresses the prevailing barriers and
policy challenges more specifically:

e Anindicative trajectory defines interim targets for each member state.

e Member states need to draw up National Renewable Energy Action Plans
(NREAPs) that define sector targets and specify policy measures for reaching the
targets.

e Member States shall improve/ensure the appropriateness of authorisation,
certification, and licensing procedures.

e Member States shall take the appropriate steps to develop transmission and
distribution grid infrastructure, to guarantee transmission and distribution of RES

2 The Council conclusions do not specify whether this means primary or final energy
consumption, but Directive 2009/28/EC specifies that the target should be measured in
relation to gross final energy consumption. The target is therefore not directly comparable
with the 2010 target of the 1997 White Paper, which was defined in relation to primary energy
consumption.
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electricity, to provide for priority/guaranteed access to the grid, and for priority
dispatch.

Other elements of the directive concern the availability of information and training, the
standardisation of guarantees of origin, and the implementation of sustainability criteria for
biofuels and bioliquids.

A new and prominent element of the RES directive is the introduction of target flexibility
mechanisms. Member states may use different types of cooperation mechanisms to
statistically transfer RES target shares from one country to the other and/or to achieve their
targets jointly. The aim of introducing these cooperation mechanisms is to allow for a better
exploitation of low-cost RES potentials across Europe and a more cost-efficient RES target
achievement. The cooperation mechanisms of the RES directive replace earlier proposals
by the European Commission to introduce a European-wide trading system of green
certificates.

3. Research to date: evaluations of the member states’
RES support policies and RES target achievement

Effectiveness and efficiency are two key criteria in climate policy evaluation (see Gupta et
al. 2007). They are also commonly used by the European Commission in their assessment
of RES support policies. Closely related is the criterion cost-effectiveness, which refers to
the cost-efficiency of reaching a predefined target.

As described above, all member states have implemented support instruments and
regulatory frameworks for RES but their effectiveness varies greatly. The European
Commission regularly monitored the progress towards the 2010 target and concluded that
only a few member states were likely to meet their targets (European Commission 2007b,
2009, 2011%). The question arises: what changes in policy are required to reach the 2020
targets which tend to be more ambitious than the 2010 targets? This question has not yet
been comprehensively analysed. According to their National Renewable Energy Action
Plans (NREAPs 2011), all member states except for Italy and Luxembourg forecast the
achievement of their RES targets domestically. But according to de Jager et al. (2011), the
annual level of RES investments in the EU will need to be almost double compared to 2008
in order to meet the targets. Since the large majority of RES investments in the EU have
been policy driven so far, this implies that the effectiveness of RES support policies needs
to be improved considerably. The question of increasing the effectiveness of RES support
policies is closely linked to the questions about their efficiency and cost-effectiveness, i.e.
the policy cost required to reach the 2020 RES target, which will be burdened on tax payers
and energy consumers.

% These Commission reports are largely based on scientific analysis conducted within Ragwitz
et al. (2007), Coenraads et al. (2008) and de Jager et al. (2011).
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Important lessons on effective and efficient RES support policy design can be derived from
the ex-post evaluation of the existing instruments, in particular for RES electricity. A large
number of studies have evaluated and compared support instruments for RES electricity in
different European member states (e.g. Menenteau et al. 2003, Reiche and Bechberger
2004, Mitchell et al. 2006, Ragwitz et al. 2007, Butler and Neuhoff 2008, just to mention a
few relevant assessments), while support instruments for RES heat and fuels have received
less attention in RES policy analysis.

Ragwitz et al. (2007) developed quantitative indicators for measuring the effectiveness and
the efficiency of the member states’ support policies for RES electricity in relation to the
available RES potential, i.e. independently of any specific targets. The European
Commission has also used these indicators to evaluate the support instruments of the
member states (see European Commission 2005 and 2008). One main finding of these
indicator-based assessments was that the effectiveness of RES support instruments was low
in the majority of member states and that it did not correlate with the level of financial
support provided. For most RES electricity technologies countries, using well-adapted feed-
in systems showed higher effectiveness and efficiency scores in promoting RES than
countries using quota schemes, meaning that these feed-in systems achieved higher RES
growth at lower specific consumer costs. According to the updated indicator assessment in
Held et al. (2010), this result is still valid today even though the effectiveness of quota
systems for low-cost RES technologies has improved in recent years. Ragwitz et al. (2007)
explain the higher effectiveness and efficiency of feed-in systems with the lower price risk
and higher investment certainty provided under such schemes. They also point out that
administrative barriers have a strong impact on the effectiveness and efficiency of support
instruments.

The crucial role of risk in RES policy design has been analysed in further detail by Mitchell
et al. (2006) who compare the UK quota scheme with the German feed-in tariff scheme.
They point out that risk reduction is an important way of increasing the effectiveness and
efficiency of a support instrument because lowering project risks reduces the costs of
capital for the project developer and makes a larger number of projects attractive. They
distinguish more precisely between price risk (electricity sales price), volume risk
(limitation of sales volume), and balancing risk, which are all minimised under fixed feed-
in tariff schemes. Justice and Hamilton (2009) differentiate further risk categories (country
and financial risks, policy and regulatory risk, technical and project specific risks, market
risks) and discuss their impacts on RES financing conditions. De Jager and Rathmann
(2008) quantify the effect of RES policy design on the financing cost of RES projects for
different country case studies. They conclude that stable, reliable, and predictable policy
instruments can reduce the cost of capital and thus the cost of RES electricity by 10 to 30%.
Luethi and Wuestenhagen (2010) use choice experiments with market actors to quantify the
effect of reducing different types of administrative and policy risks on the required return
on investment.
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In summary, these studies all recommend the same best-practice criteria for effective and
efficient RES support instrument design: long-term commitment, stability, and risk
reduction. These conclusions seem very valid, but some open questions remain:

o whether the respective project risks reduced by RES support policies would
otherwise lead to a system optimised behaviour of RES projects and thus
indirectly reduce societal costs

e how risk reduction relates to the future transformation of power markets and
infrastructures required to integrate high shares of RES into the power system

o what other options exist for increasing the effectiveness and efficiency of RES
support policies

e what increase in effectiveness and efficiency is required to meet the member
states’ 2020 targets cost-effectively

These questions will be further discussed in this thesis.

While the above-cited studies mainly focus on the effectiveness and efficiency of national
support instruments in the member states, there has also been a continuous debate on the
role that cooperation and/or harmonisation can play for cost-effective European target
achievement. There are two predominant lines of argument. Some studies favour a
harmonised RES support that would lead to RES investments at the best available sites and
consequently lower capital cost requirements than a purely national target achievement (e.g.
Py6ry 2008), while others stress the benefits and innovation of domestic RES support (e.g.
Jacosbson et al. 2009) and warn of higher policy costs due to increased producer rents in a
European support system with uniform support levels (Resch et al. 2009). One should be
aware that this is not only a debate about the cost-effectiveness of RES support, but also
about the member states’ national sovereignty on energy policy (see chapter V for a wrap-
up of the European debate on guarantees of origin trade during the negotiations of the
current RES directive). The cooperation mechanisms of the RES directive can be
interpreted as a compromise between these positions, as they allow member states to tap
lower cost RES potentials in Europe without endangering the effectiveness and efficiency
of their national RES support policies. A question that has not been analysed so far is how
these cooperation mechanisms can be implemented in practice in order to contribute to a
cost-effective target achievement.
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4. Research objective and outline of this thesis

The central research question for this thesis is:

How can policy makers increase the effectiveness and cost-efficiency of renewable
energy support policies in the European Union in order to reach the 2020 targets?

Effectiveness and cost-efficiency will be the two leading criteria for the RES policy
assessments in this thesis, as these are the predominant criteria in the European RES policy
discussion. Other important evaluation criteria, such as public acceptance, distributional
and administrative aspects, will be considered where they seem of special relevance.

The thesis discusses the central research question along the major discussion lines of the
European RES policy debate developed in sections 2 and 3:

e Comparing the effectiveness of national support policies between the member
states and with regard to meeting the 2020 targets

e Estimating the cost savings potential of different policy cost reduction options
compared to a business-as-usual policy strategy

e Assessing the role of market risk exposure and market integration for RES
deployment and cost-efficient RES support

e Assessing if and how different models of cross-country cooperation can make RES
target achievement more cost-efficient

Chapter |1 sets the scope by exploring the status of RES deployment and support policy in
the European Member States. Using quantitative effectiveness and deployment status
indicators, it compares the recent effectiveness of support policies in the Member States
with the effectiveness level required for reaching the 2020 targets and identifies key
challenges that need to be tackled to meet the 2020 targets.

Chapter 111 discusses how the consumer (or tax payer) costs for reaching the 2020 target
can be reduced compared to a continuation of current support policy, while in both cases a
reduction of non-economic barriers and increasing investment levels are assumed. It
analyses RES technology cost reduction and growth stimulating policy options with respect
to their effect on project costs and consumer costs. Then, it discusses their role for
achieving the EU 2020 RES targets. Special attention is paid to the impact of policy and
market risk reduction strategies.

Chapter IV analyses the pros and cons of exposing RES electricity producers to market
risks in more detail, differentiating three types of markets: forward electricity markets,
balancing markets, and support markets.

The following chapters discuss the role and design of the cooperation mechanisms
introduced by Directive 2009/28/EC. Chapter V traces back the evolution of these
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mechanisms and evaluates the principle trading options under discussion during the
negotiation process of the RES directive. Chapter VI explores design options for the
effective and efficient implementation of the cooperation mechanisms.

Chapter VII summarises the main outcomes of the thesis and draws conclusions on the
overall state of RES support policy and the RES policy debate in Europe.
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Il. Status and perspectives of renewable energy policy and
deployment in the European Union—what is needed to
reach the 2020 targets?*

Abstract

This article evaluates the status of current RES deployment, policies and barriers in the EU-
27 member states and compares it to the required to meet the 2020 targets. The evaluation
relies strongly on the quantitative deployment status and policy effectiveness indicators.
European RES deployment and policy has progressed strongly in recent years, but the
growth here has been mainly driven by effective policies in a small or medium number of
top runner countries. Across Europe, the highest average policy effectiveness over six years
was reached for onshore wind (4.2%), biofuels (3.6%) and biomass electricity (2.7%),
while in the heat sector, all technologies score below 2%. Comparing the recent progress to
the required growth for meeting the 2020 target, it appears that some countries largely
exceed the interim targets of the RES directive 2009/28/EC. Despite this, Europe will need
additional policy effort to reach the 2020 target. Critical success factors include
implementing effective and efficient policies that attract sufficient investments, reducing
administrative and grid related barriers, especially in currently less advanced countries,
upgrading the power grid infrastructure, dismantling financial barriers in the heat sector,
realising sustainability standards for biomass, and lowering energy demand through
increased energy efficiency efforts.

1. Introduction

Up until the 1990s, policy support for renewable energy sources (RES) in Europe focused
mainly on research and development (R&D) (Blok 2006). Once several countries had
introduced support policies or obligations for RES delivery (e.g. Denmark, Germany, UK,
etc.), the focus then shifted gradually from R&D to market deployment policies during the
1990s. In 1997, the European Commission published a White Paper that set the first target
for RES deployment in the EU: The contribution of RES to the gross inland consumption of
energy was to increase from 5.4% in 1997 to 12% in 2010 (European Commission 1997).
In the following years, this 2010 target was underpinned by two European directives that
formulated requirements of the EU member states, in particular, the requirement to

! This article was published in Energy Policy, Volume 39(12), Klessmann, C., Held, A.,
Rathmann, M., Ragwitz, M., Status and perspectives of renewable energy policy and
deployment in the European Union—what is needed to reach the 2020 targets?, pages 7637-
7657, Copyright Elsevier (2011).
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introduce policy measures to increase the market share of RES. The Renewable Electricity
Directive 2001/77/EC and the Biofuels Directive 2003/30/EC set indicative targets for the
RES share in the electricity and transport sectors in 2010: The RES share in electricity
consumption should increase to at least 21% in the EU-27 (22% in the EU 15), broken
down into individual member state targets; the share of biofuels in total diesel and petrol
transport fuels should increase to at least 5.75% in all EU member states. Shifting the focus
from 2010 to 2020, the European Council agreed on new, binding RES targets for Europe
in March 2007 which are based on an earlier proposal by the European Commission
(European Commission 2007a): The share of RES in overall energy consumption should
increase to at least 20% by 2020 (Council of the European Union 2007); the share of
biofuels in total transport consumption to at least 10%. The RES Directive 2009/28/EC,
which entered into force in June 2009, translates these binding targets into a legislative
framework: The European target of 20% RES in the gross final consumption of energy is
broken down into binding national targets for the EU-27 member states; the biofuels target
is translated into a 10% RES target in the final consumption of transport energy that applies
to each member state individually.

The European energy statistics for 2010 are not yet available, but it is unlikely that the
above mentioned renewables targets for 2010 will be fully achieved, despite the
considerable growth in RES compared to preceding decades. According to the latest
progress reports by the European Commission (European Commission 2009, European
Commission 2007b), which are based on projections of Eurostat data from 2005 and 2006,
the EU could reach a 19% RES share in electricity in 2010, rather than 21% (the starting
point in 1997 was approx. 12.8%%), and 4% instead of 5.75% in the transport sector
(starting point in 2003 was 0.5% for the EU-25). Member state progress varies
significantly, with many countries missing and a few countries over-achieving their targets.
The Commission identifies several barriers to achieving the 2010 targets: “surrounding
administrative procedures, grid access, and guaranteeing adequate support and measures
from Member States to ensure that growth occurs” (European Commission 2009). To some
extent, these barriers were already addressed by the 2001 directive 2001/77/EC, which
provides member states with some guidance in how to improve administrative and grid
connection procedures. The Commission states that the 2009 RES directive provides a new
and stronger legislative framework that addresses these known barriers (European
Commission 2009). By 30 June 2010, member states were required to present national RES
action plans (NREAPs) outlining how they plan to overcome existing barriers and meet
their binding national targets. By January 2011, all 27 NREAPs had been published (which
seems quick compared to the implementation of other EU legislations, e.g. on co-generation
or energy efficiency). According to the NREAPS, member states plan to over-achieve the
overall 20% target by 0.6 percentage points (NREAPs 2011, Naegler 2011). Whether the
proposed actions will be enough to actually achieve these targets remains to be seen.

2 The official reference year for the 2010 target is 1997 for the EU-15 member states and 2000
for the new member states (European Commission 2009).
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In this article, we evaluate the status of current RES deployment, policies and barriers in the
EU-27 member states, relying strongly on country-specific information and quantitative
indicators which we compiled and updated within the EU-sponsored project RE-SHAPING
(see Rathmann et al. 2009 and Held et al. 2010), as well as on other literature sources. We
then discuss whether the EU member states are on track to meet the 2020 targets, and the
major success and fail factors. This is done by comparing the current progress with the RES
projections presented in the NREAPs.

Section 2 gives an overview of the current RES deployment status in the electricity,
heating/cooling and transport sectors, both for Europe as a whole and for the EU-27
member states, based on a technology-specific RES deployment status indicator. Section 3
looks at current RES policies and assesses their effectiveness using an extended version of
the effectiveness indicator developed by Held et al. (2006) (see also Ragwitz et al. 2007 and
European Commission 2005). Section 4 reviews and classifies major barriers and success
factors for RES market deployment in the EU based on a broader literature analysis
(particularly Cefia et al. 2010, Ecorys et al. 2010, Ecofys and Golder 2009, Coenraads et al.
2008 and Ragwitz et al. 2007). As a synthesis, section 5 discusses whether Europe is on
track to meet the 2020 RES targets, comparing recent progress with the required RES
increase and the respective NREAP projections provided by the member states. Section 6
draws conclusions and identifies key challenges for the RES policy of the coming decade.

2. Status of current RES deployment in the EU-27

This section gives an overview of the current RES deployment in Europe. First, it
summarises the development of RES in total and per energy sector (electricity, heat and
transport energy) and relates this to the European 2010/2020 targets. Then it compares the
deployment in the individual member states.

Since the European member states vary significantly in size, energy consumption and RES
potential, a deployment status indicator is used for the member state analysis that allows the
technology deployment by country to be compared in relative terms independent of the size
of the country. This deployment status indicator measures the deployment status of RES-E
and RES-H technologies in the EU-27 on a scale between immature and advanced,
aggregating data on production, installation and potential per technology and country (see
Appendix and Held et al. 2010 for details). We do not calculate the indicator for RES
transport (RES-T): Due to the fact that biofuels are a global commodity and are often
imported to a high degree, the indicator - which is meant to reflect the status of domestic
production - is considered to be less meaningful.
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2.1. Overall RES deployment and targets

The contribution of RES to the gross inland consumption of (primary) energy?® in the EU-
27 increased from 5.4% in 1997 to 6.6% in 2005 and to 8.4% in 2008 (Eurostat 2009). The
target for 2010 is 12% (European Commission 1997). Looking at the contribution of
different RES, biomass contributes the largest share to RES primary energy consumption in
2008 with 66.1%, followed by hydropower (21.2%), wind energy (6.9%), and geothermal
energy (4.7%) (Eurobserver 2009).

The RES share in gross final energy consumption, a target indicator that was introduced for
the 2009 RES directive*, was 8.5% in 2005 and 10.3% in 2008 (Eurostat 2010a). RES-H
currently contributes more than half of the RES final energy, RES-T less than 10%. The
target for 2020 is 20% RES in gross final energy consumption. Broken down into national
targets per member state, the 2020 targets vary from 10% for Malta up to 49% for Sweden.

2.2. Deployment of RES-E technologies

The share of RES-E in gross electricity consumption in the EU-27 increased from 13.1% in
1997 to 16.6% in 2008 (Eurostat 2009 and Eurostat 2010a), which is still considerably
below the 2010 target of 21%.

Figure 11-1 shows the development of RES-E generation in the EU between 1990 and 2008.
Hydropower is still the dominant RES, but its importance has decreased over the last few
years due to a marked upswing of emerging RES technologies, particularly wind and
biomass. Whereas hydropower accounted for 94% of RES-E generation in 1990, its overall
share in total RES-E generation had dropped below 60% by 2008. The varying hydro
electricity generation is not due to a decrease in hydropower capacity, but rather a
consequence of changing meteorological conditions.

Focussing on the development of emerging RES-E (all RES technologies with the
exception of hydropower) shows that electricity generation increased tenfold from 19 TWh
in 1990 to 223 TWh in 2008 (see Figure 11-2). Onshore wind and the use of solid biomass
made the biggest contributions to this development.

® The gross inland consumption of energy is calculated as follows: primary production +
recovered products + total imports + variations of stocks - total exports - bunkers. It
corresponds to the addition of final consumption, distribution losses, transformation losses
and statistical differences (Eurostat 2009).

* The renewable energy share in final energy consumption corresponds to the sum of the final
consumption of renewable energies for heat production (including final consumption of
derived heat of renewable origin), for gross electricity production and liquid biofuels for
transport, divided by the final energy consumption including the consumption of the energy
sector and the losses on the power grids for producing electricity and heat (Eurobserver 2008).
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Figure 11-1. Electricity generation from RES in the EU-27 from 1990-2008 (based on
Eurostat 2010a)
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Figure 11-2. Development of ‘new' RES-E in the EU-27 (based on Eurostat 2010a)

How does this development relate to the situation in the individual member states? Figure
11-3 gives an overview of the deployment status indicator for the different “new” RES-E
technologies in the EU-27 member states in the year 2008 (2009 for wind and PV). Not
shown is hydropower (which has an advanced deployment status in most member states),
solar thermal electricity, and tidal and wave energy (in 2008 deployment status in all
member states still close to zero). Member states with very low potential or deployment
status indicators close to zero are not shown in the figure, but indicated by the placeholder
"other MS".
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The figure shows that only a few member states have reached an advanced deployment
status for some RES-E technologies: the onshore wind markets in Spain, Germany,
Portugal, Denmark and Ireland and solid biomass in Finland, Sweden, Austria and Belgium
(one should note, however, that solid biomass is a very heterogeneous category, which
comprises different technologies, e.g. pure biomass plants and co-firing, as well as
domestic and imported biomass; this limits the comparability between countries). For
onshore wind and biomass, the spread of results is very broad, with other countries having
intermediate and others immature scores. For the other technologies (offshore wind, PV,
biogas and geothermal), a clear majority of countries is characterized by immature
deployment. Nevertheless, there are still top runner countries for each technology: Denmark
for offshore wind, Germany for PV, Germany, Austria and the UK for biogas, and Italy for
geothermal electricity, all of them with intermediate deployment status.

While some countries have immature scores for all technologies, no country manages an
advanced score in more than one technology. The best scores across all technologies are
achieved by Germany, Denmark and Austria. This picture would change, however, if
hydropower were included in the assessment.

2.3. Deployment of RES-H technologies

RES-based heat generation increased from 452 TWh to 770 TWh between 1990 and 2008,
corresponding to an annual growth rate of 3 % on average (see Figure 11-4). The share in
gross final energy consumption for heat was 11.9% in 2008 (Eurostat 2010a). Regarding
the heat generation technologies, two forms of heat supply can be differentiated. The first
describes decentralised heating applications where the heat is produced on-site at the
consumers' location, whilst the second refers to central installations. In the latter case, the
heat is distributed to the final consumer via heating networks. Due to the difficulty of
measuring on-site heat production, data gathering in this sector is complicated and the final
statistics involve a degree of uncertainty. Domestic, decentralised heating appliances based
on biomass clearly dominate the RES-H market, but the use of biomass in centralised
heating plants or CHP-plants has also increased. Solar thermal heating technologies, ground
source heat pumps and geothermal heating technologies only account for a marginal share
of RES-H production so far.
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Figure 11-4. RES heat generation in the EU-27 from 1990-2008 (based on Eurostat
2010a)

The market development of RES-H production is modest in comparison to the higher
growth rates in the electricity and transport sectors.

Figure 11-5 shows the heterogeneous deployment status of RES-H technologies in the EU-
27 member states in 2008 (2009 for solar thermal heat). Member states with a very similar
deployment status are indicated by the placeholder "other MS". The most advanced
technology group is non-grid biomass, a category which comprises traditional and modern
decentralised biomass heating technologies. The majority of countries have advanced
scores, many of them very high scores. Grid-connected biomass heat installations are very
advanced in the Scandinavian countries (Sweden, Denmark, and Finland), and to a lesser
extent in the Baltic countries and Austria. Their deployment status in other countries is still
rather low. The other heat technology markets - geothermal heat, ground source heat pumps
and solar thermal - are still immature in the majority of countries, although most states have
made some progress and are at the border to an intermediate market status. Only a few
countries achieve the intermediate status: Hungary and Romania for geothermal heat,
Sweden and Finland for ground source heat pumps, Cyprus, Greece and Austria for solar
thermal. Across all the technologies, Sweden, Austria and Finland score the highest.
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Figure 11-5. Overview deployment status RES-H technologies
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2.4. Deployment of RES-T technologies

The share of biofuels in diesel and petrol consumption in the EU-27 increased from 0.14%
in 1997 to 3.5% in 2008 (Eurobserver 2009, Eurostat 2010a). This corresponded to
112 TWh/a in 2008 (see Figure 11-6). Considering that the EU 2010 target is 5.75%, it
seems unlikely that this will still be met.
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Figure 11-6. RES development in the transport sector in theEU-27 (based on Eurostat
2010a)

Biofuel consumption in the EU is clearly dominated by the use of biodiesel, which totalled
78% in 2008. Bioethanol consumption amounted to 16% in 2008, the use of other biofuels,
consisting mainly of vegetable oils, to 6%.

For the 2020 target of 10% RES-T energy in total transport energy consumption (including
non-road transport), other RES energy carriers are also eligible, notably RES electricity
used in trains and electric vehicles, or biogas used in gas engines, but so far they do not
play a relevant role.

Looking at the biofuel use in the member states, the deployment rate varies greatly, despite
the uniform targets for all member states (see Figure 11-6). Until 2007, the clear front-
runner was Germany (8.4% biofuels in transport fuels in 2007); however, since 2008, the
German biofuel share has declined due to policy changes. In 2008, Austria had the highest
RES share in transport fuels (7.1%). Three countries (Germany, Slovakia and Sweden)
over-achieved their 2010 target in 2008.
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Figure 11-7. Share of RES in transport fuel consumption per member state in 2008
(Eurostat 2010b)

3. Current support policies for RES deployment in the
EU-27 member states

This section provides an overview of the RES support policies applied in the European
member states. The focus is on the national level; regional or local policies are not
analysed. For each sector (electricity, heat and transport), the main support instruments per
member state are summarised based on Rathmann et al. 2009. In a next step, we evaluate
and compare the effectiveness of these instruments. For the latter, we refine the quantitative
effectiveness indicator developed by Held et al. (2006) (see also Ragwitz et al. 2007). This
indicator was also used by the European Commission in their evaluation reports (European
Commission 2005 and European Commission 2009). While this has only been calculated
for RES-E so far, we also introduce RES-H into the quantitative evaluation. Details on the
scope and methodology are provided in the Appendix.
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3.1. Electricity from renewable sources
3.1.1.Overview of support instruments

Table 11-1 provides an overview of the primary (dominating) and supplementary RES-E
support instruments applied in the EU-27 member states based on Rathmann et al. (2009).
Figure 11-8 shows only the primary RES-E support schemes in each country. The vast
majority of member states use feed-in tariffs or premiums as the dominant support scheme.
Six countries apply quota obligations. Tender schemes are no longer used in any member
state as the primary policy scheme, but they are applied in some member states for specific
projects or technologies (e.g. biomass and onshore wind in Portugal, offshore wind in
Denmark and the Netherlands and biomass in France). Other policy measures such as
production tax incentives and investment grants represent the dominant policy measure in
Finland and in Malta, but Finland has announced that it will introduce a feed-in tariff in
2011. In many countries fiscal incentives are used as supplementary support instruments.

Table I1-1. Overview of RES-E support instruments in the EU-27

AT BE | BG [ CY | CZ |[DE | DK | EE | ES | FI | FR | GR | HU | IE
Feed-in tariff X X X X X X X X X X X X
Feed-in premium X X X X
Quota obligation X
Investment grants X X X X X X
Tax exemptions X X | X X
Fiscal incentives X X X
T x x

IT LT { LU | LV | MT | NL [ PL | PT [ RO | SE | SI | SK | UK
Feed-in tariff X X X X X X X | X X
Feed-in premium X X
Quota obligation X X X X X
Investment grants X X X X
Tax exemptions X X X X X X
Fiscal incentives X X X X
e A
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Main RES-E support instruments in the EU-27

Quota obligation
Feed-in tariff
Feed-in premium

IOther instruments than the above

Notes:

1) The patterned colours represent a combination of instruments

2) Investments grants, tax exemptions and fiscal incentives
are not included in this picture.
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Figure 11-8. Main RES-E support schemes in the EU-27

3.1.2.Effectiveness of applied support instruments
for RES electricity

The effectiveness of support instruments is evaluated using the effectiveness indicator,
which expresses the increase in RES electricity production compared to the remaining 2020
potential (see Appendix for details). Figure 11-9 shows the example of policy effectiveness

for onshore wind. The countries are presented in the order of their deployment status
(immature, intermediate, advanced, see section 2).
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Figure 11-9. Effectiveness indicator for onshore wind (based on Eurostat and Green-X
2010, for more details see Held et al. 2010)

Figure 11-10 compares the average effectiveness rate per technology for the years 2003-
2009 and for the year 2009 (2002-2008 and 2008 for biomass and biogas, since 2009 data
were not yet available). Furthermore, Table 11-2 shows the effectiveness of the three top
runner countries per technology.
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Figure 11-10. Average effectiveness of RES-E support policies in the EU-27
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Table 11-2. Comparison of RES-E policy effectiveness across countries and technologies

Technology Average Effectiveness Top runner countries for the years 2002/03- Top runner countries for the year 2008/09
effectiveness | for the EU- 2008/09 (top 3) (top 3)
for the EU- 27,2008/09
27, 2002/03- s . Af\f/er?_ge s " Effectiveness
2008/09 uppor effectiveness uppor
Country scheme 2002/03- Country scheme ];%rotg/%g ear
2008/09
Germany FIT 10.2% Portugal FIT/tender 12.7%
Wind onshore 4.2% 5.6% Spain FIT/FIP 7.4% Ireland FIT 10.8%
Portugal FIT/tender 7.1% Hungary FIT 9.4%
Denmark FIP/tender 1.6% Denmark FIP/tender 6.0%
Wind offshore 0.2% 0.4% Finland Grants/ tax 0.8% Sweden Quota 1.0%
incentives
Sweden Quota 0.6% UK Quota 0.3%
Belgium Quota/FIT 28.9% Belgium Quota/FIT 97.7%
Solid and Quota/ tax ) FIP/ tax .
liquid 2.7% 3.0% Sweden S — 7.9% Netherlands T s 17.3%
biomass Ebr
Netherlands - P/ax 6.4% Slovenia FIT 13.6%
incentives
Austria FIT 6.9% Austria FIT 9.9%
Biogas 1.6% 0.8% Germany FIT 6.8% Cyprus FIT/tax 7.9%
incentives
Luxembourg FIT 4.0% Luxembourg FIT 6.2%
Germany FIT 6.2% Germany FIT 21.6%
PV 1.5% 4.1% Spain FIT 2.1% Belgium FIT/quota 11.7%
Belgium FIT/quota 2.0% Italy FIP 5.5%

Abbreviations: FIT — feed-in tariff; FIP — feed-in premium
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Onshore wind is the RES-E technology segment that shows the highest average policy
effectiveness (4.2%/a for the years 2003-2009, 5.6% for 2009), followed by solid and liquid
biomass. Offshore wind shows the lowest average -effectiveness (<0.5%), which
corresponds to the low deployment status of this technology so far. PV shows a relatively
low average effectiveness between 2003 and 2009 (1.5%), but a high effectiveness rate in
2009, which can be attributed to a large extent to the substantial PV growth in Germany.
With the exception of biogas, the average effectiveness for the EU-27 increased in 2008/09
compared to the previous years.

In many cases, the countries with high effectiveness scores are those that have reached
intermediate or advanced market status, but some countries with an immature market status
also achieve high effectiveness rates, e.g. Hungary for onshore wind and Slovenia for
biomass in 2009. For all the technologies except onshore wind, two of the three top runners
in 2008/09 had already held this position beforehand. For onshore wind, three new top
runners have emerged, which shows that wind energy is being more widely applied across
Europe. Caution should be exercised when considering the high effectiveness scores for
solid biomass: Some of these are actually triggered by high biomass imports in comparison
to the domestic potential (e.g. in the case of Belgium).

The indicator also allows some conclusions to be made about the effectiveness of different
support instruments. With regard to onshore wind, the countries with the highest policy
effectiveness - Spain, Germany, Portugal and Ireland - all apply feed-in tariffs or premiums
as their primary support schemes (in Portugal, tenders also play an important role).
Compared with previous analyses for onshore wind (European Commission 2005;
European Commission 2008), countries using quota obligations such as Italy, Sweden and
the United Kingdom have caught up in terms of policy effectiveness, in particular in 2009,
but their performance still lags behind the group of countries using effective feed-in
systems. For biogas and PV as well, all the top runner countries use feed-in tariff or
premium systems, in some cases combined with other support schemes. For solid and liquid
biomass, on the other hand, countries with quota schemes are among the top runners. There
is no clear picture for offshore wind so far due to its low deployment status.

Despite the success of feed-in systems in some countries, they also show very low
effectiveness in several countries, either because the support level is too low, or because
severe non-economic barriers exist (or a combination of these reasons). The pros and cons
of different RES-E support instruments have been discussed extensively before (e.g.
Ragwitz et al. 2007, Butler and Neuhoff 2008, Klessmann et al. 2008, Jacobsson et al.
2009, de Jager et al. 2011). Major success factors and barriers are summarised in section 4.
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3.2. Heat from renewable sources

3.2.1.0verview of support instruments

Most member states put considerably less effort into supporting RES heating and cooling
than is the case for RES-E. This might be partly explained by the lack of a European
heating and cooling directive - and therefore the absence of Europe-wide targets and
support requirements - until the new RES directive entered into force in 20009.

Table 11-3 provides an overview of the main RES heating and cooling support instruments
used in the EU-27 member states based on Rathmann et al. 2009. RES cooling is not
analysed separately. The overview only includes the instruments applied specifically for
heat, not the instruments used to support biomass CHP through electricity incentives, such
as feed-in premiums, etc.

Table 11-3. Overview of main RES-H support instruments in the EU-27

AT | BE |BG | CY | CZ | DE | DK | EE | ES | FI | FR | GR | HU | IE
Investment grants X X X X X X X X X X X X
Tax exemptions X X X X X
Fiscal incentives X X X X
Use obligations X X

IT LT | LU [ LV | MT | NL |PL |PT |RO [SE | SI SK | UK
Investment grants X X X X X X X X X X X
Tax exemptions X X X X X
Financial incentives X
Use obligations X

The most common RES-H support instruments are investment grants and — to a lesser
extent - tax exemptions. Other fiscal incentives such as soft loans are available in
combination with these schemes in several member states.

The 2009 RES directive asks member states to introduce use obligations for RES-H, i.e. the
obligation to use minimum levels of RES-H in new buildings and in existing buildings that
are subject to major renovation. So far, only a few countries have introduced such
obligations on a national level (Spain, Portugal, Germany), but with limited scope in all
cases.
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3.2.2.Effectiveness of applied support instruments
for RES heat

The effectiveness of support instruments is evaluated using the effectiveness indicator for
heat (see above), which expresses the increase in RES heat production in a specific year
compared with the remaining 2020 potential. The average effectiveness 2002-2008 is
calculated as an average of the yearly effectiveness rate; moving averages over three years
are calculated to smooth out the time series (for details, see Held et al. 2010).

Figure 11-11 and Figure 11-12 show the example of policy effectiveness for centralised
biomass (district heating and CHP) and decentralised biomass heating installations. The
countries are presented in the order of their deployment status (see section 2). Decentralised
biomass applications are traditionally advanced market segments in most member states,
but the policy effectiveness of promoting them varies greatly across member states, which
indicates that the advanced deployment status must have been partly achieved prior to
2002. In contrast, only the five countries with the highest policy effectiveness for
centralised biomass in 2002-2008 (Denmark, Finland, Sweden, Lithuania and Austria) have
reached an advanced deployment status.
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8% - m Average effectiveness indicator 2002 - 2008
% @ Effectiveness Indicator 2007/2008
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£
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Figure 11-11. Effectiveness indicator for centralised biomass heating plants (district
heating plants and CHP plants) in the period 2002 — 2008 (based on Eurostat and
Green-X 2010, for more details see Held et al. 2010)
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Effectiveness indicator
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Figure 11-12. Effectiveness indicator for decentralised biomass heating plants (boilers
and stoves) in the period 2002 — 2008 (based on Eurostat and Green-X 2010, for more
details see Held et al. 2010)

Figure 11-13 compares the average effectiveness rate per technology for the years 2002-
2008 and the year 2008. Table 11-4 shows the effectiveness of the three top runner countries
per technology.
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Figure 11-13. Average effectiveness of RES-H support policies for the EU-27
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Support policies for decentralised biomass reach the highest average effectiveness in the
RES-H sector with 3% in 2007/08 and 1.8% in 2002-2008. Some countries manage double-
digit effectiveness rates, particularly the Czech Republic (on average) as well as Romania,
Denmark, and Cyprus (for 2007/08). One should be aware, however, that decentralised
biomass includes traditional, cost-competitive biomass use such as wood stoves. Policies
for centralised biomass use (district heating and CHP) show the second highest
effectiveness (0.5%/0.6%). This value is rather low compared with the average
effectiveness rates for bioenergy use in the electricity sector. The average effectiveness for
the other technologies (solar thermal, ground-source heat pumps, geothermal) is below
0.5% and thus very low, even though the top runner countries score around 5% in average
effectiveness (e.g. Cyprus for solar thermal with a 4.8% average in 2002-2008; Sweden for
ground-source heat pumps with a 5.2% average in 2002-2008).

Overall, the average effectiveness of RES-H support policies is considerably lower than for
RES-E. One important reason might be that RES-H support schemes are almost entirely
financed by public budgets. The uncertainty of government budgets often creates stop-go
investment cycles in the RES-H sector. The scientific policy discussion therefore calls for
new, budget-independent RES-H support instruments, such as RES obligations for heat fuel
suppliers or building owners, bonus systems comparable to RES-E feed-in systems, or a
combination of these (e.g. Buerger et al. 2008). So far, however, no member state has
introduced such innovative schemes except for the above mentioned building obligations in
Germany, Portugal and Spain.

RES-H use obligations for new or majorly renovated buildings are therefore the main
budget-independent support scheme at the moment. These have received a lot of attention
and are promoted in the 2009 RES directive®. Solar obligations have a successful track
record at local level, e.g. in Barcelona, and for the past 30 years in Israel (ESTIF 2007).
According to the indicator results, however, the success of RES-H obligations at national
level still very limited. This can be partly explained by their recent introduction (2006 in
Spain and Portugal, 2009 in Germany) and partly by limitations in the obligation design
(e.g. missing quality criteria, generous exceptions and substitution measures, or, like in
Germany, the exclusion of major renovations).

When looking at the effectiveness of investment grants and fiscal measures, it is difficult to
draw clear conclusions. Most top runner countries use investment grants, but fiscal
incentives also have top runner scores. The availability of a proper policy mix consisting of
sufficient financial support and measures to dismantle non-economic barriers (see section
4) seems much more important than the type of support scheme.

8 Article 13 of the directive states that “by 31 December 2014, Member States shall, in their
building regulations and codes or by other means with equivalent effect, where appropriate,
require the use of minimum levels of energy from renewable sources in new buildings and in
existing buildings that are subject to major renovation.” Member states are therefore in
principle required to introduce RES-H obligations, but the directive allows for alternative
measures to bypass this obligation.
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Table 11-4. Comparison of RES-H policy effectiveness across countries and technologies

Average

Effectiveness

Top runner countries for the years 2002-2008

Top runner countries for the year 2007/08

i I top 3 top 3
renology | mastor s | indisorfor |- A —
oy the EU-27, verage Effectiveness for
the EU- 2007/08 Country Support scheme effectiveness Country | Support scheme th 2007/08
27, 2002-2008 for 2002-2008 e year
Denmark fiscal incentives 4.3% Denmark | fiscal incentives 3,3%
Centralised investment grants/ . .
0, 0 0, 0,
— 0.5% 0.6% Sweden o 1.8% Finland investment grants 2.7%
Finland Investment grants 1.8% Austria 'f“’eSt!“e”t grants/ 2.6%
fiscal incentives
Czech - Investment grants 11.4% Romania | Investment grants 14.3%
Republic
Decentralised . . - . . .
biomass 1.8% 3.0% Denmark fiscal incentives 6.9% Denmark | fiscal incentives 12.8%
Hungary Investment grants 5.2% Cyprus investment grants 12.7%
Cyprus Investment grants 4.8% Cyprus Investment grants 7.5%
investment grants/ investment grants/
0, 0, 0, 0,
Solar thermal 0.2% 0.2% Greece o 5.2% Greece M - 2.5%
Austria investment grants/ 1.0% Austria investment grants/ 0.7%
fiscal incentives fiscal incentives
Sweden investment grants/ 5.2% Hungary | Investment grants 2.0%
fiscal incentives
Ground-source 0 0 o investment grants/ o
heat pumps 0.4% 0.4% Hungary Investment grants 4.6% Sweden fiscal incentives 1.7%
. investment grants/ o - 0
Bulgaria fiscal incentives 3.9% Finland Investment grants 1.7%
Hungary Investment grants 2.9% Hungary | Investment grants 1.2%
Geothermal 0.3% -0.3% Portugal Investment grants 2.2% Slovenia | Investment grants 0.8%
Greece Investment grants 0.4% Romania | Investment grants 0.8%
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3.3. Transport energy from renewable sources

3.3.1.0verview of support instruments

Up to the present, member states have focused almost entirely on biofuels in their support
of RES transport fuels. Other forms of RES transport energy, such as biogas for gas engines
and RES electricity for electric vehicles, are therefore not included in the analysis.

Table 11-5 gives an overview of the support policies for biofuel consumption in the EU-27.
Most member states use a combination of a quota obligation with tax exemptions. In some
countries, only one of these two instruments is applied.

Table 11-5. Overview of main biofuels support instruments in the EU-27

AT | BE | BG [ CY | CZ | DE | DK | EE | ES Fl FR [ GR | HU | IE

Quota obligation X X X X X X X X X X

Tax exemptions X X X X X X X X X X X X

Quota obligation X X X X X X X X X X

Tax exemptions X X X X X X X X X X X X

3.3.2.Effectiveness of applied support instruments
for RES transport

As explained in the Annex, we do not apply the effectiveness indicator to biofuels on a
country level, because the domestic potential of each country is not a meaningful sub-
indicator for internationally traded biofuels. On the other hand, the average effectiveness
for the EU-27 is a relevant figure, as this refers to the exploited potential in Europe: This
was 3.6% as a European average in 2002-2008 and 4.3% in 2007/08. This means that
biofuel policies achieve the second highest effectiveness of all RES after wind onshore.

In order to compare the progress at country level, we look at the recent development of
biofuel shares in total transport fuel consumption for each country as documented by
Eurostat. In contrast to the effectiveness indicator, however, an increase in the biofuel share
can also be achieved by a change in total transport fuel consumption and does not require
actual biofuel market growth. Figure 11-14 shows the increase and decrease of biofuel
shares in percentage points across countries and compares this to the biofuel share achieved
in 2008°. The resulting picture is quite mixed. Some countries with no or a very low

® If no figure is given this either means that the share was zero or that no data was available.
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increase until 2007 strongly expanded their biofuel shares between 2007 and 2008 (e.g.
Slovakia, Poland, Austria and Hungary). Germany, which demonstrated high growth until
2007, lowered its biofuel share subsequently due to the phase out of tax exemptions and
setting a quota below 2007 consumption levels.
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Figure 11-14. Annual change of biofuel shares in transport fuel consumption in %-
points 2004-2008 (based on Eurostat 2009 and 2010a)

Neither the effectiveness indicator nor the biofuel shares allow a clear conclusion about
whether tax exemptions or biofuel quotas are the more effective instrument. The
effectiveness strongly depends on the level of the quota and the financial incentive of the
tax measures. In the past, countries with both instruments performed best, but from the
perspective of a simple and transparent policy design, it may be questioned whether tax
exemptions are really necessary to complement a well implemented quota system. In any
case, quotas are the more reliable policy instrument, since they tend to deliver the required
biofuel share, but are not financed through the state budget.

Finally, European biofuel policies and growth ambitions are being increasingly affected by
concerns about the efficient use of biomass and the sustainability of the required cultivation
of energy crops (competition with food markets, greenhouse gas balance, etc.). Therefore,
implementing effective sustainability certification schemes, as required by the RES
directive, will play an important role in the future, as will alternative forms of RES
transport energy.

3.4. Other criteria for support policy evaluation

Obviously, apart from effectiveness, there are also other important criteria for evaluating
the success of support instruments, particularly cost-effectiveness/efficiency, but also — as
evaluated e.g. by de Jager et al. 2011 — energy market conformity, investment certainty,
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competitiveness and governance. In addition, social and environmental criteria play an
important role, albeit more broadly. We do not evaluate all these criteria, but integrate some
of them in the discussion of barriers and success factors in the next section.

4. Barriers and policy success factors for further RES
deployment

The basic concept behind all the support instruments for RES technology (RET)
commercialisation is to try and overcome the existing barriers to RET market development,
so the success of RES policies is linked to their ability to surmount these economic and
non-economic barriers. Based on a literature review, this section describes the key barriers
and policy success factors for RES deployment in Europe. We then discuss which barriers
represent the biggest obstacles in the years ahead.

Barriers to RES deployment have been analysed by a variety of studies. In analogy to the
RES policy discussion, barriers to RES-E technologies receive considerably more attention
than barriers to RES-H technologies and biofuels. Painuly (2001), Beck and Martinot
(2004) and Kofoed-Wiuff et al. (2006) provide an inventory of generic RES barriers based
on a synthesis of other studies. Studies that analyse predominant RES barriers in Europe
will be discussed in further detail below.

Table 11-6 gives an overview of the major economic and non-economic RES barriers based
on a summary of various studies (sources mentioned in brackets) and our own analysis. The
second column shows the available policy responses to address these barriers. The
implementation of these policy features varies strongly across European member states.

Table 11-6. Common RES barriers and policy responses to address these barriers

Barrier Options for policy response

Economic and market barriers (Painuly 2001, Beck and Martinot 2004, Kofoed-Wiuff et al. 2006,
Ragwitz et al. 2007 Neuhoff 2009, Held et al. 2010, de Jager et al. 2011 i.a.)

RES not cost-competitive under Support instruments that provide financial support or force
current market conditions market entry:

(high capital costs, unfavourable e  Price setting policies (FIT/FIP)

market pricing rules, subsidies for e Quantity forcing policies (quota obligations for
competing fuels, long reinvestment RES-E, RES-H, biofuels)

cycles of building-integrated

. e  Cost reduction policies (investment subsidies,
technologies etc.)

soft loans, tax reductions etc.)
Phase-out subsidies for fossil fuels

Carbon pricing
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Barrier

Options for policy response

Limited access to finance / high cost
of capital due to high perceived risk

Support instruments that reduce market risks and provide
long-term investment certainty; key features:

e  Stability of support scheme

e  Guaranteed revenues, e.g. support payment
guaranteed for 15-20 years

e  Limitation of price risk, e.g. FIT or floor prices
for TGC/FIP

Financial instruments that provide low-cost capital, e.g.
low-interest loans, public-private partnerships, publicly
backed guarantees etc.

Public finance participation through public-private
cooperation models

Favourable PPAs are difficult to
obtain

Guaranteed purchase
Obligation for certain parties to offer long-term PPAs

Power markets are not prepared for
RES (lack of access to the power
markets, exercise of market power by
large players, design not favourable
for supply-driven RES, etc.)

Guaranteed purchase
Priority dispatch

Adjustment of power market design for the integration of
intermittent RES (availability of liquid intraday and
balancing markets, adjustment of gate closure times,
changes in pricing rules, etc.)

Administrative and legal barriers

(Painuly 2001, Kofoed-Wiuff et al. 2006, Ragwitz et al. 2007, Coenraads et al. 2008, Ecofys and
Golder 2009, Cefia et al. 2010, PV Legal 2010, Ecorys et al. 2010 i.a.)

Inefficient administrative procedures
(high number of authorities involved,
lack of coordination among
authorities, lack of transparent
procedures, long lead times, high costs
for applicants etc.)

Improving and streamlining administrative procedures
towards transparent and non-discriminatory processes
(“one-stop shop” approach for applications, maximum
response periods for authorities, clear guidelines and
capacity building for civil servants, limiting administrative
requirements to the relevant elements, simplified
procedures for small plants, etc.)

RES not or insufficiently considered in
spatial planning

Improved spatial planning rules
Definition of RES priority areas
Information and capacity building for local authorities

Participation and/or compensation options for local
communities
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Barrier

Options for policy response

No or insufficient standards and codes
for RES equipment (specifications not
well defined, not expressed in
EU/international standards, etc.)

Improvement of technical specifications and codes

Implementation of EU/international standards and
certifications

Tenancy law and ownership law
impede the development of building-
integrated RES technologies

Implementation of RES-use obligations

Adapt tenancy and ownership law to facilitate RES
deployment (facilitating cost sharing, provision of energy
services etc.)

Grid-related barriers (mainly power grids, but also gas and district heat)
(Ragwitz et al. 2007, Coenraads et al. 2008, Cefia et al. 2010, Ecorys et al. 2010 i.a.)

Grid access is difficult to obtain
(TSOs/DNOs not open to RES, lack of
transparent procedures, long approval
times, unfavourable cost allocation
leading to high grid connection costs)

Guaranteed grid access
Priority grid access

Introduction of transparent and non-discriminatory
procedures (see administrative barriers)

Regulations to limit grid connection costs

Close control of procedures by regulator, including
sanctions for TSOs/DNOs

Lack of available grid capacity (weak
grid environment, lack of
interconnection capacity, no or slow
grid reinforcement and/or extension,
grid congestion leading to curtailment)

Priority dispatch for RES electricity

Obligation or favourable regulation for TSOs/DNOs to
enforce/extend grids

Compensation for RES project in case of curtailment
Obligations or incentives for district heating operators
Tight control of procedures by regulator

Long-term grid planning strategy and incentives
Harmonisation of European regulatory frameworks

Lack of skilled labour

(Painuly 2001, Philibert 2006, Kofoed-Wiuff et al. 2006, Ecorys et al. 2010 i.a.)

Lack of skilled labour (e.g. for
planning and installation), problems
with the guarantee/warranty/
maintenance regime

Provision of sufficient training and qualification
programmes, integration in vocational programmes,
guidelines for planners or architects, legal requirements
for guarantee/warranty

Lack or shortcomings of certification
schemes for installers

Appointment of certification bodies, improvement of
certification schemes
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Barrier

Options for policy response

Supply chain bottlenecks
(Painuly 2001, Neuhoff 2009, a.0.)

Restricted access to technologies (only
a few technology providers, lack of
production capacity, lack of R&D
capacity), bottlenecks regarding
feedstock supply (e.g. steel, silicon)

Stable and long-term policy framework and targets to
build trust in future markets and reduce risks of
investments in supply chain

Information and acceptance barriers
(Painuly 2001, Kofoed-Wiuff et al. 2006,

Ragwitz et al. 2007, Ecorys et al. 2010 i.a.)

Lack of knowledge (about benefits of
RES, about available support
measures, etc.)

Information and training programmes
Demonstration projects in public buildings
Integration of RES in education programmes

Regulations on information and awareness raising,
involving various municipalities and public institutions

Publication of regular progress reports that incentivise
governments to prove the success of their policies to the
public

Lack of acceptance (NIMBY
opposition to RES plants and power
lines, public concerns about
sustainability of biofuels etc.)

Specific measures to address the concerns, e.g. legal
facilitation of underground cables, sustainability
certification for biofuels, etc.

Participation and/or compensation options for local
communities

Abbreviations: TGC — tradable green certificate; FIT — feed-in tariff; FIP — feed-in premium; PPA — power
purchase agreement; TSO — transmission system operator; DNO — distribution network operator

A number of studies focus particularly on the status of RES barriers in the EU. Ragwitz et
al. (2007) analyse RES-E barriers in the European member states based on a stakeholder
survey. They find that, for all RES-E technologies except waste energy, unfavourable
administrative and legal framework conditions are perceived as the biggest barrier in almost
all member states. In addition, infrastructural, grid-related barriers are identified as a major
obstacle for onshore and offshore wind. Financial barriers also play a significant role,
especially in many new member states and for higher cost technologies (PV, CSP,
offshore). Social acceptance barriers are ranked lower, but do play a role for (especially
large-scale) hydropower and wind. Coenraads et al. (2008) substantiate the significance of
administrative and grid barriers with a stakeholder survey on grid- and permitting related
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barriers. Further studies on technology-specific administrative and grid connection barriers
in the EU member states include Cefia et al. (2010) for wind, Ecofys and Golder Associates
(2009) for bioenergy (electricity, heat and biofuels) and PV Legal (2010) for PV. Ecorys et
al. (2010) provide an in-depth survey of non-cost RES barriers for most RES-E and RES-H
technologies in all EU-27 member states. They also conclude that administrative and grid
connection barriers are the biggest barriers across Europe.

All these European studies develop and apply qualitative and quantitative indicators for
measuring the severity of barriers, e.g. lead time for permitting and grid access, number of
authorities involved, percentage of administrative or grid connection costs in total project
costs etc. However, all the studies mention that some or indeed all of the quantitative results
should be considered cautiously, or taken only as rough indications due to problems with
data gathering and/or non-representative sample numbers. Furthermore, even if the samples
are partly representative, as in Cefia et al. (2010), there are still some peculiarities in the
survey results that need further investigation. Cefia et al. (2010) argue that a high annual
installation of wind power should be a good indicator of the (low) level of barriers for
countries with similar wind resources, but the results of their survey on administrative and
grid barriers do not fully support this statement. While Spain, which is the second largest
and fastest-growing wind power market in Europe, shows very high administrative- and
grid-related barrier scores, some countries with immature wind markets, e.g. Romania or
Latvia, have rather low scores. Similar results are also provided by Coenraads et al. (2008)
and Ecorys et al. (2010) despite significant deviations in the country results between the
studies. The high barrier scores in some fast growing markets imply that non-economic
barriers are not necessarily prohibitive for RES deployment, even though they prolong lead
times and increase project costs. One possible explanation for the higher barrier scores in
fast growing or mature markets could be that the administrations in these countries have to
deal with a lot more projects than those in immature markets, and therefore lead times
increase. Market players here may also be more critical and aware of barriers than those in
immature markets, or, as Neuhoff (2009) puts it, that these barriers become apparent only
after the removal of other initial (e.g. financial) barriers. Furthermore, cultural differences
between EU countries might play a role. Therefore, further research on reliable indicators
for the cross-country comparison of non-economic barriers might be required.

Naturally, economic barriers are easier to quantify than non-economic ones. One approach
applied in Ragwitz et al. (2007) and Held et al. (2010) is to calculate the minimum to
average generation costs per technology and country (€/MWh, based on country-specific
data) and to compare this with the average to maximum support level provided by the
relevant RES support policies in that country (€/MWh). This reveals the potential financial
gap from the project developer’s perspective. This analysis for the EU-27 shows that if
support levels are below generation costs, little or no capacity growth can be observed (with
a few exceptions if investments are motivated by other than economic reasons). On the
other hand, high support levels do not always lead to substantial capacity growth. Usually
this is due to flaws in the support instrument or non-economic barriers, as described above.
The evaluation also shows that the support levels for renewable heat generally appear to
generate lower profits than those in the RES-E sector, despite the low generation costs of
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many RES-H technologies. This is one explanation for the lower average policy
effectiveness in the heat sector (see section 3).

An important element for breaking down financial barriers is the removal or reduction of
RES project risks (see Table 11-6). Reducing risks reduces the costs of capital; this is a basic
economic principle for RES support instruments that has been demonstrated in many
studies (e.g. Mitchell et al. 2006, de Jager and Rathmann 2008, de Jager et al. 2011). This is
the main reason why feed-in tariffs, which minimize revenue risks for the RES-E generator,
tend to result in the lowest specific consumer costs (per MWh of new RES-E) of all
European RES-E support schemes (European Commission 2005 and 2008, Held et al.
2010) assuming they are well designed and non-economic barriers are manageable. The risk
perspective also provides the link between non-economic and economic barriers:
Administrative, grid and other non-economic barriers are project risks from the perspective
of RES project developers and investors, therefore they increase project development costs
or capital costs for the project. Furthermore, they can also reduce energy sales revenues. In
consequence, removing non-economic barriers also helps to reduce financial barriers and
the required policy costs of RES promotion.

Another fact that needs attention in the barrier discussion is that some barriers evolve or
increase with RES market growth. For example, grid congestions and the need for new
transmission lines usually only occur once significant RES-E capacities are installed. In
general terms, the RES market development in European member states can be
characterized using the deployment stages described by the deployment status indicator in
section 2: While in immature RET markets, typical market-entry barriers prevail (low or
unreliable financial support, grid access barriers, etc.), intermediate, fast-growing markets
are likely to encounter typical growth-related barriers, e.g. infrastructural (rather local) and
supply chain bottlenecks (both local and global). Administrative barriers can occur across
all the market stages (see Cefia et al. 2010), but are most prominent in immature and
intermediate markets. In advanced markets, market players may encounter typical high-end
barriers that cannot be easily overcome: Competition for sites and resources because the
most cost-effective RES potential has already been exploited, or power system limitations
like temporary curtailment of certain supply-driven RES-E technologies™, etc.

With regard to reaching the RES 2020 targets, this means that some countries with
advanced RET markets might not be able to maintain their growth rate, while other, less
mature markets could still grow very quickly, if they manage to overcome the described

10 While curtailment due to grid congestion is a typical barrier in growing RES-E markets in
which the grid infrastructure has not yet been adapted to the new generation capacities, most
experts also agree that curtailment can occur in advanced power and RES-E markets. For
example, depending on the generation technology, supply- driven RES-E will need to be
curtailed in power systems during periods of high instantaneous RES-E penetration (see e.g.
Ecofys et al. 2010). Also, it may be more cost-efficient to curtail supply- driven RES-E at
certain times than to extend grid and storage capacities to the extent where the full output of
RES-E generation is used at all times.
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barriers. As many of these market-entry barriers are addressed in the 2009 RES directive
(e.g. administrative barriers in Article 13), proper implementation of the directive should
facilitate this process. Other barriers remain a severe challenge that will not be easily
overcome in the coming decade, especially infrastructural requirements like the need for
major transmission grid expansions. Also, higher environmental and social standards are
evolving in certain segments. Particularly the European sustainability criteria for biofuels
and bioliquids (which may be extended to solid biomass in the future) are well-founded
requirements which are crucial to ensure public acceptance of biofuel deployment and
therefore reduce acceptance barriers, but which may also introduce new, growth-limiting
barriers in the short term. Therefore, the major question facing policy makers in advanced
countries is no longer how to remove all the barriers preventing RES growth, but how to
manage RES growth under the new system limitations.

5. Discussion: Is Europe on track to meet the 20% RES
target in 2020?

This section discusses whether Europe is on track to reach the 2020 RES targets by
comparing the results of the preceding sections with the required RET growth.
Furthermore, we discuss the limitations and uncertainties of our results.

5.1. Progress in the years 2005-2008

Are European member states on track to meet the 20% RES target in 2020? The Eurostat
statistics summarised in section 2 allow only limited insights, since they only provide data
until 2008, while the RES directive was adopted in 2009. Still, the RES development in the
years 2005 to 2008 does provide a first trend indication.

On average, the 2005 EU share of 8.5% RES in final energy consumption needs to increase
by 0.77 percentage points each year to reach the 20% target in 2020. With linear progress,
20% of the target would need to be achieved by 2008. The indicative trajectory defined by
the 2009 RES directive for the member states allows for a lower increase between 2005 and
2018 (20% target achievement by 2011/12, 30% by 2013/14, 45% by 2015/16, 65% by
2017/18), but requires steep growth in the last two years (35% of target achievement, from
16% to 20% RES in final energy consumption). According to this trajectory, the average
required increase for the years 2005-2012 is only 0.33 percentage points.

In the period 2005-2008, the EU RES share in final energy consumption increased by 0.6
percentage points per year on average and was therefore below the average required
increase (linear trajectory), but above the official trajectory of the RES directive (this is
only an average indication, however, since the required increase varies among member
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states™"). The remaining required increase 2008-2020 is 0.81 percentage points on average.
Eight member states (Austria, Germany, Finland, Hungary, Portugal, Romania, Sweden and
Slovakia) already exceeded their 2011/12 interim target in 2008 and are therefore also
above the linear trajectory (see Figure 11-15 and Figure 11-16).

60.0% m 2005
2008
50,0% — Interim target 2011-12 —
— 2020 target

40,0% -

30,0%

20,0% -

10,0% +

0,0% 4

AT BE BG CY CZ DE DK EE EL ES FI FR HU IE IT LT LU LV MT NL PL PT RO SE SI SK UK

Figure 11-15. RES share in gross final energy consumption per year (based on
Eurostat 2010a and directive 2009/28/EC)

On the other hand, the charts confirm that progress varies greatly across member states. In
two countries, the RES share even decreased between 2005 and 2008, most likely due to
increasing energy demand. Three countries (Austria, Romania and Sweden) already
achieved more than 40% of the required increase in 2008, largely driven by an over-
proportionate increase of the RES-H share™, which means they are close to the 2016
interim target according to the EU trajectory. We do not know whether and to what extent
this growth was triggered by RES-H policies, by a decreasing overall heat demand, or by
changes in heat statistics™.

! The allocation of the national RES targets was based on a flat rate increase (same additional
share for each country) adjusted to the member state’s GDP.

12 The targets of the RES directive are defined in terms of gross final energy. This definition
favours heat over electricity, because 1 MWh of heat has a much lower exergetic and
monetary value than 1 MWh of electricity. Despite this, most member states still focus RES
support on RES-E (see section 3).

13 possibly, statistical offices could have paid more attention to covering RES-H installations
than in earlier years, but this is hypothetical. Due to the difficulty of measuring on-site heat
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Figure 11-16. Relative progress 2005-2008 towards the 2020 target, neglecting changes
in future energy demand (based on Eurostat 2010a and own calculations)

In a nutshell, most member states seem to be on track to meet or even exceed the first
interim target in 2012, but the majority of them will have to increase their RES shares more
rapidly in the future to meet the 2020 target. So far, progress among member states varies
greatly.

5.2. Brief comparison of the evaluation results with
the NREAP projections

The NREAPs recently presented by the EU-27 member states provide more detailed
country projections. According to them, 25 of 27 countries intend to fulfil their 2020 targets
domestically. Only Italy and Luxembourg expect to stay below their national targets and
use the RES cooperation mechanisms of the RES directive to access the RES potentials of
other countries to achieve their national targets. 15 member states plan to exceed their
national targets. Overall, this results in a projected RES share of approx. 20.6% in 2020
(NREAPs 2011, Naegler 2011%). These figures sound rather ambitious considering the
moderate RES growth in many member states over the past few years. Further analysis will
be required to evaluate whether the policy measures proposed in the NREAPS can achieve
this growth. An initial scan of 24 of 27 NREAPs (all except Estonia, Hungary and Poland)

production, data gathering in this sector is complicated and the final statistics involve a degree
of uncertainty.

¥ EREC (2011) comes to slightly different results (20.7% RES gross final energy
consumption) probably because different tables of the NREAPs were used as the basis for
calculation. Tables 4 and 11 are not fully consistent in all NREAPs.
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suggests that this is doubtful because there seems to be a strong focus on continuing and
gradually adjusting current policy, rather than on major improvements. However, some new
policy measures are also proposed: At least 8 member states want to introduce new policy
schemes in the heat sector, including new RES-H obligations and feed-in premiums. The
NREAPs also mention new measures in the RES-E and RES-T sectors, as well as the
removal of administrative barriers. The question remains how these plans will actually be
put in practice.

The NREAPs also provide information about where the projected RES growth is supposed
to occur, in which RES sectors and technology segments. Table 11-7 shows the relative and
absolute contribution of the three RES sectors, as well as the projected sector growth. The
projected increase of the RES-E share in total electricity consumption is considerably
higher than the increase of the RES-H share and the RES-T share, which shows a
preference for RES-E compared to RES-H and RES-T, as observed in the past. The relative
sector growth is highest in the transport sector.

Table 11-7. NREAP projections by sector (based on Eurostat 2010a, NREAPs 2011,
Naegler 2011, own calculations)

Sector Share in Share in Required RES RES Required Share in
total total average sector sector average total RES
sector sector increase contributi | growth RES consump-
consump- | consump- | of sector onin 2020 | 2008-2020 | sector tion 2020
tion 2008 tion 2020 share (Mtoe) (Mtoe) growth

RES-E 16.6% 34.5% 1.49%- 105 57 6.7%l/a 43%

points/a

RES-H 11.9% 21.4% 0.73%- 108 40 3.9%l/a 44%

points/a

RES-T 3.4% 10.3% 0.58%- 32 22 10.2%/a 13%

points/a

RES total 10.3% 20.6% 0.86%- 245 119 5.7%la 100%

points/a

The NREAPs assume that wind power will be the dominating RES-E technology in 2020
(40.6% of RES-E generation, Naegler 2011). According to the NREAP analysis by EREC
(2011) and Beurskens and Hekkenberg (2010), wind onshore will contribute the largest
share, but more than 1/4 of the newly installed RES capacity is supposed to come from
offshore wind. Hydropower will contribute 30.4% of RES-E generation, followed by
biomass electricity with 19.1% and PV with 8.5% (Naegler 2011). In the heat sector, 80.3%
of all RES-H generation will come from bioenergy (mainly solid biomass), complemented
by heat pumps (11.4%) and small contributions from solar thermal (5.8%) and geothermal
energy (2.5%). In transport, biodiesel will continue to be the dominant RES-T source. RES-
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E provides less than 10% of the RES transport energy, almost entirely in non-road transport
(EREC 2011).

How do these sector and technology projections relate to the policy effectiveness per
technology observed in section 3? The increase in RES production between 2008 and 2020
projected in the NREAPSs is approx. 119 Mtoe, i.e. half of the remaining potential for 2008-
2020 provided by Green-X'. Relating the projected increase per technology to the
available potential, one can calculate the average policy effectiveness required to reach the
2020 target scenario. The NREAPs do not provide disaggregated data for all RET, but we
will indicate the required average policy effectiveness and exploitation of RES potential for
two key technology categories which are expected to contribute most to RES growth, wind
power and biomass heat. The assumption is that the total realisable 2020 potential does not
change over the years (in reality, it will probably increase slightly due to technological
progress). For comparison we also calculate the effectiveness with 2030 potentials (taken
from Green-X 2010), which reflects the required policy effort until 2020 in relation to the
mid-term potential which can be realised within 10 to 20 years'®.

Table 11-8 shows the resulting effectiveness scores.

Table 11-8. Average required effectiveness to reach the NREAP projections for 2020
(NREAP 2011, Green-X 2010, own calculations)

Average required Average required
Technology effectiveness 2008-2020 in effectiveness 2008-2020 in
relation to 2020 potential relation to 2030 potential
Wind power (onshore and 7 2%/a 4.9%
offshore)
Biomass heat (all types) 10.1%/a 7.8%

The higher required effectiveness for wind power derived with the 2020 potential reflects
the challenge of realising the projected wind power growth under the existing infrastructure

1% According to Green-X (2010), the feasible mid-term potential for 2020 amounts to approx.
366 Mtoe gross final energy consumption; the additionally remaining potential compared to
2008 RES deployment (Eurostat 2010) to approx. 241 Mtoe. Broken down into sectors, 44%
of the remaining potential is RES-E, 44% RES-H and 12% RES-T.

18 The average policy effectiveness for the years 2002 until 2008 (see section 3) was
calculated with the 2020 mid-term potential. Therefore, the time period between the year of
assessment and the reference year was also approx. 10 to 20 years, which makes the values
comparable.
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constraints. The faster the power grids are enforced, the larger the available potential and
the lower the support policy challenge. Both results for wind power imply that even for
onshore wind, the average policy effectiveness needs to increase still further, but that the
gap is quite small. Top runner countries already reach the required level (scores up to
13%/a, see Table 11-4). In contrast, the recent policy effectiveness for offshore wind is far
below the level required in the coming years. This is not surprising as relatively little
offshore capacity has been installed so far, while huge capacity increases are being planned.
The crucial question is whether these offshore parks can be realised and connected to the
power grids in time.

For biomass heat, the average effectiveness in the period 2008-2020 would need to be even
higher than for wind power. In recent years the average scores have been much lower, but
again, the top runner countries have been able to achieve even higher scores (up to 14%,
see Table 11-4). The high required value can be explained by the relatively limited potential
for European biomass, which is exploited to 90% in 2020 and remains a major constraint in
the period beyond 2020. Due to this challenge, member states should consider to focus their
support on a broader set of RES-H technologies than they have done so far.

5.3. Critical success and fail factors

While comparing the projected RES growth with achieved growth rates and effectiveness
indicator scores can help to gauge whether the 2020 RES target will be reached, they are
not suitable indicators for assessing future RES market barriers and growth rates. From the
qualitative discussion in section 4, the following success and fail factors can be derived for
the 2020 pathway described in the NREAPS:

o Effective policies to overcome the existing financial barriers are needed across
Europe, not only in top runner countries. To attract sufficient capital, the support
schemes should limit RES project risks and promote high success rates for projects
under development: If too few projects are supported, there will not be enough
investment in early stage project development. On the other hand, consumer
expenditures per unit of energy need to be minimised as far as possible in order to
maintain public acceptance of RES support.

e The assessment showed that administrative and grid-access barriers, which are
hindering the market uptake of RET in many countries, are among the biggest
obstacles to faster RES growth across Europe. In principle, it is in the hands of
policy makers to significantly lower such barriers, and it does seem possible to do
so within the next decade.

e On the other hand, growth-related barriers have evolved that threaten continued
RET development, particularly the required power grid extensions that mainly
affect wind power growth, but increasingly also other technologies. Current top
runner countries in terms of RET deployment status may be hardest hit by such
barriers. Upgrading the power grid infrastructure requires massive investments and
legal measures to speed up the process.
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e  For offshore wind, which is supposed to contribute approx. 25% of the additional
wind power capacity in the electricity sector, there is a clear gap between recent
policy effectiveness and that required in the future. Tackling infrastructural
challenges and investment risks is of particular importance here.

e Inthe heat sector, steadier financial support and implementing support instruments
which are independent of the state budget (e.g. effective use obligations as
requested by the RES directive or incentives financed via heat fuel surcharges)
could play a key role in overcoming the existing financ