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ABSTRACT
The EU´s climate policy for 2020 consists of a 20% reduction in greenhouse gas
emissions, a 20% improvement in energy efficiency, and a 20% share of renewable
in energy consumption. The latter share is allocated differently across Member
States, and broken down into the sectors of heating and cooling, electricity, and
transport. We focus on the electricity sector and on three Member States with similar
2020 targets and similar support measures (i.e. variations on feed-in tariffs) in place
to achieve these targets: Germany, Spain, and Slovenia.
First, we attempt to internalize the positive externality of carbon dioxide emissions
avoided, using various estimates of the social cost of carbon, to evaluate how the
benefits of emissions avoided, due to additional renewable energy deployment,
compare to the additional costs imposed on society from use of the feed-in tariffs.
Second, we compare and evaluate the progress made by the three Member States
towards reaching the indicative targets from their National Renewable Energy Action
Plans, in the 2010-2012, and comment on the effectiveness of their feed-in tariff
structures. Third, we use the data on progress made so far to comment on the
perspectives of each Member State for reaching their 2020 target.
We find that for some technologies and under some estimates of the social cost of
carbon, the benefits of carbon dioxide emissions avoided exceed the minimum
additional costs imposed on society by the use of feed-in tariffs. This is the case
mainly for more established technologies, such as wind and hydro. The maximum
additional costs imposed on society exceed the benefits, regardless of the social
cost of carbon estimate used. These results, due to the assumptions used, should
be taken as illustrative of a theoretical possibility, and not a practical certainty. In
any case, it is the costs of feed-in tariffs for solar photovoltaic that are most
controversial, and for these the costs outweigh the benefits in terms of emissions
avoided, regardless of the estimate of the social cost of carbon used.
With regard to progress made in 2010-2012, we find that Germany and Slovenia
have met their targets while Spain has likely not, although due to the data used, we
cannot be certain. On the basis of this, we judge that Germany is well on track to
meet its 2020 target for electricity produced from renewable energy sources. The
situation in Spain looks more pessimistic, particularly as a result of Royal Decree
1/2012, which suspended feed-in tariffs for new installations. Finally, while Slovenia
has been meeting its targets, we note that solar photovoltaic is experiencing a boom
(much like in Germany and Spain in previous years), which may cause problems for
the feed-in tariff system in the future (much like it has in Germany and Spain).

1. INTRODUCTION
In the fight against climate change, the European Union has ambitious goals. In the
short-term, these are contained in the 2020 strategy, composed of a 20% reduction
in greenhouse gas emissions, a 20% share of renewable energy in final energy
consumption, and a 20% increase in energy efficiency (COMM, 2007).
Directive 2009/28/EC, also known as the Renewables Directive, sets out the 20%
share of renewable energy in final energy consumption target and further subdivides it amongst different sectors, namely electricity, heating and cooling, and
transport (DIR 2009/28/EC). The targets are distributed differently among different
member states, according to their respective potential and capabilities. In order to
achieve their respective targets, each member state had to submit a National
Renewable Energy Action Plan (NREAP) by 2010, outlining an indicative trajectory
for development of renewables in the 2010-2020 period and explaining what
measures are in place to ensure the achievements of their targets. The member
states are also required by article 22 of Directive 2009/28/EC to submit progress
reports to the European Commission on the progress made in the previous two
years, every two years, starting with 2011 (DIR 2009/28/EC).
In the electricity sector, generation by most renewable energy technologies is
uncompetitive and requires the use of support measures (Owen, 2006). While the
measures implemented in the member states vary, by far the most common type of
support measure is a variation of the feed-in tariff, whereby each producer of
electricity from renewable energy sources is paid a certain price for producing
electricity (Lesser and Su, 2008). This price may be fixed, or it may be a premium on
top of the market price. Additionally, depending on their generation costs and other
factors, the feed-in tariffs differ from one type of renewable energy technology to
another. While feed-in tariffs are generally acknowledged to be the most effective of
support policies (CSWD, 2008), they are not without controversy, particularly with
regard to the high additional costs they impose on society. However, they are seen
by many as necessary in order to overcome the cost difference between renewable
energy sources and conventional energy generation, a cost difference that is,
amongst other factors, due to positive externalities of renewables and negative
externalities of conventional generation, neither of which is taken into account in the
pricing system (Lehmann and Gawel, 2011).
We focus on three EU Member States with similar 2020 targets for electricity
generation from renewable energy sources – Germany, Spain, and Slovenia
(NREAP DE, 2010; NREAP ES, 2010; NREAP SI, 2010). Each of the three uses a
variation of the feed-in tariff as the main support measure for promotion of
renewable energy sources for electricity generation. As of 2010, Germany had a
fixed feed-in tariff system, Spain had both a fixed tariff and a premium tariff (with
price floors and ceilings), and Slovenia had both a fixed tariff and a premium tariff
(without price floors and ceilings). Our purpose here is two-fold: we attempt to
internalize the positive externality of carbon dioxide emissions avoided by renewable
energy deployment and evaluate how this affects the additional costs imposed on
society by the use of feed-in tariffs for Germany, Spain, and Slovenia in the 20101

2020 period, and we analyse and evaluate the actual progress made by Germany,
Spain, and Slovenia towards their NREAP targets in the 2010-2012 period. We
proceed as follows:
First, we evaluate the costs of the feed-in tariffs by attempting to take into account
one of the main positive externalities of electricity generation by renewable energy
sources – the emissions of carbon dioxide avoided, and the benefits thereof. Our
aim here is to put feed-in tariffs into perspective – they impose additional costs on
society, but they also yield benefits that must not be disregarded. We do this for
each of the three member states of interest, for each type of technology, for each
year in their respective 2010-2020 NREAP indicative trajectories.
Second, we investigate the progress made by each of the member states in the
years 2010-2012, both quantitatively by comparing the actual progress in installed
capacity of, and electricity produced by, renewable energy sources to the yearly
targets as stated in the NREAP indicative trajectories, and qualitatively, by looking at
other developments such as changes in legislation and adjustments made to the
feed-in tariff structure. We also evaluate the effectiveness of the feed-in tariff
structures in each member state in 2011, compare these to their effectiveness in
2010, and attempt to link them to changes in the feed-in tariff structure framework.
Third, we use the evidence on progress (or lack thereof) in the 2010-2012 period,
and the changes made in the legislative framework, to evaluate the prospects of
reaching the 2020 NREAP targets for each member state of interest, identifying
areas of concern and where there is room for improvement.
Essentially, our work will guided by the following research questions:
1. Is there a point in the NREAP indicative trajectories at which the benefits
from emissions avoided due to the feed-in tariffs exceed the additional costs
imposed on society by the feed-in tariffs? And, if so, for which technology
types and under which assumptions regarding the social cost of carbon?
2. How the Member States of interest have progressed in reaching the targets
for electricity from renewable energy sources as stated in their respective
NREAP indicative trajectories? What other developments are significant?
3. What are the implications of the progress made, and the developments that
have occurred, in the 2010-2012 period with regard to reaching the NREAP
targets for 2020?
The structure of the thesis is as follows:
Section 2 deals with the background of the various aspects investigated. Thus, we
take a brief look at the background behind the EU’s 2020 policy, focusing on the
electricity sector, and explain the need for support measures for renewable energy
in general, and their interactions with the EU ETS, a point of controversy in the
literature. We then proceed to look at the theoretical basis behind designing feed-in
tariff systems, and at the systems in place in Germany, Spain, and Slovenia as of
2

2010. Finally, we look at the state of the art research for the two main areas we
investigate: the member states’ NREAPs, the effectiveness of the support measures,
and the issues involving estimates of the social cost of carbon.
Section 3 deals with our methodology, explaining how the cost-benefit comparison
of feed-in tariffs was carried out. Additionally, we comment on the data used for
evaluating the progress made in 2011 and 2012, and some of the issues with
making it comparable to Table 10 of the NREAP, which list the indicative trajectories
for the period of 2010-2020.
Section 4 shows our results, section 5 is a discussion of our results where we
answer our research questions, and section 6 highlights the main conclusions of our
work.

3

2. BACKGROUND
2.1. European Union Climate Policy
The European Union “considers itself as a forerunner in climate protection”
(Böhringer et al., 2009) with a very ambitious climate policy. Despite the absence of
a binding international agreement, the EU has set itself the following targets to be
achieved by 2020: reducing greenhouse gas emissions by 20%, improving energy
efficiency by 20%, and increasing the share of renewable energy to 20%
Commission (COMM, 2007).
Promoting the use of renewable energy sources for electricity production as a
priority for the European Union was set out in a 1997 White Paper, endorsed by
resolutions in both the Council and the European Parliament, and was set out in a
2001 Directive (DIR 2001/77/EC), citing “reasons of security and diversification of
energy supply, of environmental protection and of social and economic cohesion”
(DIR 2001/77/EC). The Directive requires Member States to adopt national
indicative targets for electricity production from renewable energy sources until 2010,
and to outline the measures implemented or planned to reach them, in order to
reach an EU-wide target of a 22.1% share of renewable energy sources in total
electricity consumption (DIR 2001/77/EC).
The 2001 Directive was replaced by Directive 2009/28/EC, which further defines and
details the 20% share of renewable sources in energy, and translates the overall
target to individual Member State targets, “taking account of Member States’
different starting points and potentials, including the existing level of energy from
renewable sources and the energy mix” (DIR 2009/28/EC). More specifically, this is
done
“by sharing the required total increase in the use of energy from
renewable sources between Member States on the basis of an
equal increase in each Member State’s share weighted by their
GDP, modulated to reflect their starting points, and by accounting in
terms of gross final consumption of energy, with account taken of
Member States’ past efforts with regard to the use of energy from
renewable sources” (DIR 2009/28/EC).
In addition, a separate target of minimum 10% renewable energy in transport is set,
“at the same level for each Member State in order to ensure consistency in transport
fuel specifications and availability” (DIR 2009/28/EC).
Each Member State is required by the Renewables Directive to adopt, by 2010, a
national plan on how it intends to achieve its 2020 targets, including the policy
measures that are or will be implemented, and submit it to the European
Commission; this is the National Renewable Energy Action Plan (NREAP) for the
2010-2020 period (DIR 2009/28/EC). The Directive also requires Member States to
report on their progress made every two years, starting in 2011 (DIR 2009/28/EC).
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In the NREAP, a Member State’s overall target is sub-divided into the share of
renewable energy sources in total consumption in three sectors: electricity, heating
and cooling, and transport (DIR 2009/28/EC). Member States may of course set
their own targets higher than those required by the Renewables Directive, and they
may divide the overall target across the three sectors depending on their situation.
We limit ourselves to investigating renewable energy sources in the electricity sector,
and in three Member States – Germany, Spain, and Slovenia – which have similar
targets in that sector. The overall 2020 targets and the sectoral targets of these
three member states are as follows:
2020 Target
(Directive
2009/28/EC)
(%)

2020 Target
(NREAP) (%)

Heating &
Cooling (%)

Electricity (%)

Transport (%)

Germany

18

19.6

15.5

38.6

13.2

Spain

20

22.7

18.9

40.0

13.6

Slovenia

25

25.3

30.8

39.3

10.5

Table 1 - 2020 Targets (adapted from DIR 2009/28/EC, NREAP DE 2010, NREAP ES
2010, NREAP SI 2010)

These three member states have set their NREAP 2020 targets higher than those
required by the Renewables Directive, with Spain having the highest difference and
Slovenia only a slight increase in their NREAP 2020 target.
The Directive also defines support measures, as
“any instrument, scheme or mechanism […] that promotes the use
of energy from renewable sources by reducing the cost of that
energy, increasing the price at which it can be sold, or increasing,
by means of a renewable energy obligation or otherwise, the volume
of such energy purchased. This includes, but is not restricted to,
investment aid, tax exemptions or reductions, tax refunds,
renewable energy obligation support schemes including those using
green certificates, and direct price support schemes including feedin tariffs and premium payments” (DIR 2009/28/EC).
We turn to the need for these support schemes next.

2.2. The Need for Support Schemes
Electricity and other forms of energy produced using renewable energy sources are
generally not competitive on price with conventional, i.e. fossil-fuel based,
generation methods (Owen, 2006). However, a number of obstacles prevent a true
comparison; for example, the non-internalization of externalities, “where certain
environmental costs of production are not reflected in the market cost of the
commodity” (Owen, 2006), favors fossil-fuel based power generation over
renewable energy sources, and their cost advantage is further increased by the
5

existence of both direct and indirect subsidies for fossil-fuel based power generation
in many countries (Owen, 2006). Externalities are a type of market failure, and
market failures lead to outcomes deviate from the economically efficient outcomes
that perfectly functioning markets would provide (Gillingham and Sweeney, 2010).
According to economic theory, “policy measures to mitigate these deviations can
improve net social welfare, as long as the cost of implementing the policy is less
than the gains if the deviations can be successfully mitigated” (Gillingham and
Sweeney, 2010).
The types of market failures associated with renewable energy sources are many.
Certainly, environmental externalities are the first, as they provide “the underlying
motivation for much of the interest in renewable energy” (Gillingham and Sweeney,
2010). These consist of the damages from CO2 emissions, as well as non-CO2
emissions; for example, the ExternE study estimated that non-greenhouse gas
pollution damages, such as acid rain and health impacts, of the coal fuel cycle are in
the range of 0.2 to 4 Euro cents per kWh (Owen, 2006). Damages from CO2
emissions are harder to estimate, due to the uncertainty surrounding climate change,
and we take a look at these a bit later, but what is certain is that CO2 emissions do
cause damage and that the costs thereof are not taken into account in the price of
energy generated from fossil fuels.
The security of supply of fossil fuels also presents an important externality not
considered in the pricing system, particularly for oil, “with the bulk of the oil reserves
in the hands of national oil companies in unstable regions or countries of the world”
(Gillingham and Sweeney, 2010). For Europe, natural gas is subject to supply risks
(Gillingham and Sweeney, 2010). Although the externalities associated with security
of supply are more difficult to quantify than environmental externalities, they may be
substantial (Gillingham and Sweeney, 2010).
Another type of market failure involves economies of scale, “a situation where the
average cost of producing a unit decreases as the rate of output at any given time
increases” (Gillingham and Sweeney, 2010). This is a result of learning-by-doing,
and the learning curves for renewable energy sources, particularly solar photovoltaic,
are quite steep, i.e. an increase in output leads to high price reductions (Owen,
2006). Increased investment in research and development is also a contributing
factor to the learning effect, but is characterized by spillovers; new knowledge can
be transmitted, so that the results of successful research & development by one firm
can yield benefits to other firms (Gillingham and Sweeney, 2010). As the firm doing
the investing is unable to capture all of the benefits of its investment, this “typically
results in significant underinvestment in R&D and suboptimally low levels of
technology adoption” (Lehmann and Gawel, 2011). Both learning by doing and
research & development spillovers are market failures involving “imperfect capture
of future payoffs from current actions” (Gillingham and Sweeney, 2010).
The deployment of renewable energy sources is also influenced by market power
(Gillingham and Sweeney, 2010). The liberalization of the electricity market in EU
Member States was done with the aim of increasing competition, but generally has
6

led to mergers and acquisitions that increased market concentration instead of
competition, and has led to higher electricity prices (Brandt, 2006). In all three
member states of interest, the electricity market can be considered an oligopoly (see
Brandt 2006; Crampes and Fabra, 2004; EA RS, 2010). On an EU-wide level, the
electricity market structure “is likely to be conducive to anticompetitive behavior”
(London Economics, 2006). The market power of large electricity generation firms,
particularly if they own the distribution companies as well, can lead to favoring fossilfuel based generation (Gillingham and Sweeney, 2010), although it must be noted
that “the existence of market power is not necessarily evidence of its abuse”
(London Economics, 2006).
All market failures are market barriers in the sense that they prevent the market from
producing efficient outcomes, but there are additional market barriers that are not
market failures yet prevent or limit the development of a market for a good, i.e. act
as disincentives (Gillingham and Sweeney, 2010). A good overview of the various
market barriers, including market failures, and these, as well as mitigation measures
that can be taken, are found in table 2 below.

Table 2 - Market Barriers and Mitigation Measures (Owen, 2006)

As we have seen, the majority of the market barriers above can be related to the
market for renewable energy sources, from learning benefits that have not yet been
realized to financing (e.g. high initial costs, but low running costs), and thus some
7

policy measures to promote renewable energy sources both necessary and justified
(Owen, 2006). A variety of measures can be taken to mitigate these market barriers;
while table 2 above lists general measures, more specific measures relating to
renewable energy sources can be found in table 3 (Gillingham and Sweeney, 2010)
below.

Table 3 - Policy Instruments to Overcome Market Failures (Gillingham and Sweeney,
2010)

In the EU, different Member States use different policy measures, but the ones most
frequently applied are feed-in tariffs and quota obligations (Steinhilber et al., 2011).
However, they are accompanied by other measures, such as the EU Emissions
Trading Scheme, and before we tackle feed-in tariffs themselves, it will be useful to
take a quick look at how support measures for renewable energy and the EU ETS
interact.
8

2.3. Policy Interactions
The combination of the EU-wide ETS with support measures for renewable energy
at the member state level has been criticized, with “oftentimes observed
disqualification of RES-E support schemes in academic literature” (Lehmann and
Gawel, 2011). The criticism is based on the Tinbergen rule in economics, which
states that “in order to reach one policy target only one policy instrument should be
used” (Böhringer et al., 2009). Thus, the use of multiple policy instruments (the ETS
and support measures for electricity from renewable energy sources) to achieve one
policy goal (prevent climate change via a reduction in greenhouse gases) is
generally seen as inefficient (Böhringer et al., 2009).
More specifically, some authors go as far as recommending the abolishment of
support measures (Lehmann and Gawel, 2011), with the argument that support
measures for electricity from renewable energy sources “do not contribute anything
to CO2 emissions reduction in the presence of the EU ETS” (Lehmann and Gawel,
2011) and in fact increase the costs of the ETS (Lehmann and Gawel, 2011). The
mechanism through which this occurs is as follows: electricity from fossil fuels is
replaced by electricity from renewable energy sources, leading to lower demand for
emissions allowances by the electricity sector, resulting in a lower price of emissions
allowances which are purchased by emitters in other sectors who now have a lower
incentive to abate emissions (Lehmann and Gawel, 2011). Thus, instead of
emissions being reduced, they are only shifted from one sector to another (Lehmann
and Gawel, 2011).
This view depends on one crucial assumption, that competition for electricity
generation technologies would be efficient with only the ETS in place, which itself
assumes that optimal levels of technology development and adoption happen
through the market, existing policy instruments do not distort technological choice,
and that optimal technology mixes can be continuously composed based on
marginal generation costs (Lehmann and Gawel, 2011). A second assumption is
that promotion of renewable energy sources has the same goal, and only the same
goal, as the EU ETS, namely the reduction of greenhouse gas emissions (Lehmann
and Gawel, 2011). However, as we have seen, these assumptions do not accurately
reflect reality; there are a number of other market barriers and failures involved that
necessitate support measures, and increased deployment of renewable energy
sources is aimed not only at tackling climate change but also to improve energy
security.
Furthermore, the EU ETS itself is far from perfect. Emission allowances are
allocated in phases; phase 1, lasting from 2005 to 2007, was criticized for reasons
of over-allocation, distortion of allocation among member states, and windfall profits
as initial emissions allowances were given out for free, while phase 2, lasting from
2008 to 2012, saw some improvements, in particular the elimination of overallocation (Egenhofer et al., 2011). The power sector in particular saw windfall
profits, although this will change in phase 3, covering the period from 2013-2020, as
power companies will have to buy initial allowances through auctions (Egenhofer et
al., 2011). Furthermore, the ETS covers only energy-intensive installations,
9

accounting for less than 50% of total EU greenhouse gas emissions, and according
to (Böhringer et al., 2009) the excess costs of this segmentation are higher than the
excess costs of overlapping regulation.
Thus, despite the criticisms raised, when one considers “real-world conditions (…) a
policy mix of the EU ETS and complementary RES-E support schemes may be
justified for a variety of reasons” (Lehmann and Gawel, 2011). We now turn to
examine feed-in tariffs in more detail.

2.4. Feed-in Tariffs: Theoretical Approaches
As of 2010, 21 of the 27 EU Member States used a variation of the feed-in tariff to
support electricity production from renewable energy sources (Canton and Linden,
2010). This is no surprise, as a 2008 European Commission document
accompanying the proposal that became the Renewables Directive notes that “welladapted feed in tariff regimes are generally the most efficient and effective support
schemes for promoting renewable electricity” (CSWD 2008). The attribute that all
have in common is “a guarantee of a long-term minimum price for generated
electricity” (Lesser and Su, 2008), which provides financial stability for investors and
encourages increase in installed capacity (Lesser and Su, 2008). Feed-in tariff
policies “can significantly reduce the risks of investing in renewable energy
technologies and thus create conditions conducive to rapid market growth” (Couture
and Gagnon, 2010).
The design of a feed-in tariff policy involves defining three attributes – the level of
remuneration (and whether this is differentiated by technology and/or installation
size), the structure of remuneration (fixed, or declining with time), and the duration of
remuneration (limited to a certain number of years, or indefinite) (Lesser and Su,
2008). These “require significant “guess-work” on the part of policymakers” (Lesser
and Su, 2008) and “once specific price paths (i.e. level, structure, and duration) are
specified, changing those paths is both difficult and costly, as it creates excessive
regulatory uncertainty that, in turn, increases investment costs” (Lesser and Su,
2008). Thus, a fixed long-term price improves financial stability for investors, but
leads to welfare loss over time as the fixed long-term price “will almost certainly
deviate from realized market prices by greater amounts over time” (Lesser and Su,
2008).
The literature contains a number of recommendations on designing an economically
efficient feed-in tariff policy and theoretically, it is very straightforward. Thus, Lesser
and Su emphasize the need for an appropriate balance in the remuneration levels
(high enough to stimulate investment but low enough not to create excess costs),
linking payment to the amount of energy produced rather than the capacity installed
(as supporting idle capacity is besides the point), setting remuneration levels for
each technology which maximize the rate of technological progress for that
technology (i.e. too high feed-in tariffs may reduce the rate of technological progress
by taking lowering the incentives for improvements), and minimizing reliance on
administrative information (Lesser and Su, 2008). However, achieving this in
practice is much more difficult. On the basis of their analysis, Lesser and Su
evaluate the feed-in tariff policies in place in the EU, noting that they are “inefficient,
10

in that they needlessly pay too much for renewables, raise overall electric costs, and
reduce economic competitiveness. The danger is that, if FITs are set too high, there
is likely to be a political backlash that could abruptly halt the entire FIT approach”
(Lesser and Su, 2008).
In any case, there are “many different ways to structure the remuneration of a feedin tariff policy” (Couture and Gagnon, 2010). A feed-in tariff may thus be
independent or dependent on the market; it is a fixed tariff in the former case, and a
premium tariff in the latter (Couture and Gagnon, 2010). The fixed tariff is a
guaranteed payment per kWh produced, while a premium is paid on top of the
market price for electricity (Couture and Gagnon, 2010). In some feed-in tariff
systems, both a fixed and a premium tariff are available, with the choice between
them up to the producer (Couture and Gagnon, 2010).

Figure 1 - Fixed and Premium Feed-in Tariffs (Couture and Gagnon, 2010)

Fixed tariffs are usually set for a certain duration, e.g. for the first 20 years of
operation, and this price is independent of other variables, such as the electricity
price, inflation, fossil fuel prices (Couture and Gagnon, 2010). Particularly with
regard to inflation, “the actual value of the revenues obtained will tend to decrease
over time” (Couture and Gagnon, 2010), but the fixed tariff still provides “a reliable
formula to calculate future project revenues” (Couture and Gagnon, 2010) and
thereby provides investment stability. Variations on the fixed tariff include the
inflation-adjusted fixed tariff model, the front-end loaded tariff model (where the tariff
level is higher in the first years of operation and lower in later years), and the spot
market gap model (where the tariff is fixed, but only the difference between the retail
price and the tariff is subsidized) (Couture and Gagnon, 2010).
A premium tariff involves greater risk and lower investment stability, but it is more
suitable for deregulated electricity markets and allows better market integration of
renewable energy sources (Couture and Gagnon, 2010). Although the main point is
that premium prices should lead to lower additional costs for society, some studies
find that “on average, premium price policies have been found to be more costly per
kWh than fixed-price policies” (Couture and Gagnon, 2010). A variation on the
premium tariff is a variable premium model that includes a ceiling and a floor price; if
the market price falls below the floor price, the ‘premium’ paid to producers is equal
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to this floor price, while if the market price exceeds the ceiling, the ‘premium’ paid is
zero as the market price obtained offers more than sufficient remuneration (Couture
and Gagnon, 2010). A variable premium model can reduce windfall profits (in the
case of high electricity prices) and improve investment stability (in the case of low
electricity prices), and thereby “can help keep actual remuneration more closely
aligned with project costs” (Couture and Gagnon, 2010). It is therefore seen by
Couture and Gagnon as offering advantages over both the constant premium tariff
and the fixed tariff. Another variation of the premium tariff is the percentage of retail
price model, but it is no longer in use and is “unlikely to be used again in a
comprehensive manner” (Couture and Gagnon, 2010).
Both the fixed and the premium tariff systems have advantages and disadvantages.
The fixed tariff system is seen as a distortion of electricity prices (Lesser and Su,
2008), and it ignores demand as it offers “the same prices regardless of the time of
day at which electricity is supplied” (Couture and Gagnon, 2010); at the same time,
it offers greater investment stability and its decoupling from market volatilities “can
confer a significant risk-hedging advantage” (Couture and Gagnon, 2010). The
premium tariff, as mentioned, can result in actually higher costs per kWh, and has
higher uncertainty which is problematic for renewable energy sources that have high
initial investment costs and particularly problematic for “smaller investors or
community-owned projects, both of which require more stable and predictable
revenue streams to obtain project financing” (Couture and Gagnon, 2010). However,
as premium tariffs are based on market forces, they lead to better integration of
renewable energy sources and “can create a more efficient electricity market, by
encouraging supply in times when electricity is needed most” (Couture and Gagnon,
2010). Another advantage of premium systems is that they require less
administrative intervention (Couture and Gagnon, 2010). Overall, Couture and
Gagnon note that fixed feed-in tariffs “are proving a stronger and more cost-efficient
policy option in the near-term” (Couture and Gagnon, 2010). However, as has been
mentioned, a feed-in tariff system may incorporate both a fixed tariff and a premium
tariff; as of 2010, this was the case in Spain and Slovenia, while Germany had a
fixed tariff only. We now examine their tariff systems in more detail.

2.5. The Tariff Systems of Germany, Spain, and Slovenia
We take a look at the feed-in tariff systems implemented in Germany, Spain, and
Slovenia, as of 2010 (since later developments are dealt with in later sections), that
is, as described in their NREAPs. Of course, the relevant legal frameworks in each
country have been in place earlier than 2010 and have undergone several changes.
Thus, the support of renewables through feed-in tariffs has been in place in
Germany since 1991’s ‘Electricity Feed-in Act’ (Held et al., 2010); in Spain, tariffs
have been in place since 1997’s ‘Electric Power Act’ (Held et al., 2010); in Slovenia,
although support measures for renewable energy were already mentioned in the
‘Energy Law’ of 1999, a proper feed-in tariff structure was only implemented in 2009
after a delay due the need for approval from the European Commission (Held et al.,
2010) . Due to the later adoption of feed-in tariffs in Slovenia, as well as its smaller
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size and economic importance, much more attention has been given in the literature
to the feed-in tariff systems of Germany and Spain.
On a general level, the three Member States of interest used different approaches to
feed-in tariffs as of 2010. Germany’s system was based on fixed feed-in tariffs with
annual degressions (i.e. reductions in the remuneration level for new installations),
although the level of remuneration available in the first year of operation is
guaranteed for a period of 20 years (NREAP DE, 2010). Spain’s system contained
both a fixed feed-in tariff and a premium feed-in tariff with a cap and a floor price
(e.g. a variable premium model); producers with installations of up to 50MW
capacity could choose on an annual basis whether to opt for the fixed or the
premium tariff (NREAP ES, 2010). Support was guaranteed for the lifetime of a plant,
although the level of support would decrease in later years (NREAP ES, 2010).
Additionally, an annual capacity quota for solar photovoltaic installations exists,
where additional capacity installed after the quota has been reached is not eligible
for support (NREAP ES, 2010). Slovenia’s system also contained both a fixed and a
premium feed-in tariff (without a cap and floor price); producers with installations of
up to 5MW capacity could choose between the fixed and the premium tariff, while
producers with installations larger than 5MW capacity are eligible for the premium
tariff only (NREAP SI, 2010). Additionally, installations with capacities of 125MW or
more are not eligible for any support (NREAP SI, 2010). The level of support is
guaranteed for 15 years (NREAP SI, 2010). All three member states differentiate
their tariffs according to technology type, and the tariff structures are of different
complexity depending on the technology, with hydropower generally having the most
straightforward tariff and biomass the most complex tariff structure, in each of the
three member states of interest. The funding of the feed-in tariff in Germany and
Slovenia is done entirely by consumers, by including a renewables contribution in
the electricity price, while in Spain, it is funded both by consumers as well as from
tax revenue (Couture and Gagnon, 2010).
In order to keep remuneration levels in line with cost decreases that result from
technological progress, the feed-in tariff structures and levels of remuneration in
each country are reviewed on a regular basis. Germany’s next revision of the
‘Renewable Energy Act’ was expected in January 2012 (NREAP DE, 2010), Spain’s
system is to be reviewed every four years according to Royal Decree 661/2007
(NREAP ES, 2010), and Slovenia’s is reviewed every five years, with the next
scheduled for 2014, although reference costs for calculating premium tariffs are
reviewed on a yearly basis (NREAP SI, 2010). However, there have also been
unscheduled revisions in Germany in 2010 dealing with feed-in tariffs for solar
photovoltaic, with the tariffs cut quite severely (NREAP DE, 2010); if the feed-in tariff
system is meant to guarantee stability, dramatic and above all unforeseen
reductions are counter-productive. Spain’s changes in 2008 – again, with regard to
feed-in tariffs for solar photovoltaic – also undermine the stability the system was
meant to provide (NREAP ES, 2010). Similarly, Slovenia has provided degressions
in solar photovoltaic tariffs (NREAP SI, 2010), but these are fixed at the same level
for the next five years; of course, this does not preclude unscheduled revisions.
However, it must be noted that these unscheduled reviews have focused only on
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feed-in tariffs for solar photovoltaic and were in Germany “a result of the unforeseen
developments in the prices of photovoltaic systems” (NREAP DE, 2010), in Spain a
result of 85% of the 2005-2010 target having been achieved already by 2007
(NREAP ES, 2010), and in Slovenia, like Germany, due to rapidly changing prices
(NREAP SI 2010).
The systems in place as of 2010 in the three member states of interest thus
represent different approaches to the three essential elements of a feed-in tariff
system noted in the previous section. The level of remuneration is generally
differentiated by both technology and installation size in each of the three member
states of interest; the structure of remuneration differs, from fixed tariffs in Germany
to both fixed and premium in Spain and Slovenia; the duration of remuneration
differs as well, from 15 years in Slovenia to 20 years in Germany and indefinitely in
Spain (though with lower remuneration in later years). At the same time,
unscheduled revisions to the tariffs for solar photovoltaic have been observed in
each of the three member states.
The NREAPs and support measures implemented to achieve the 2020 targets have
also been compared elsewhere in the literature, and we turn to these next.

2.6. Evaluation of the National Renewable Energy Action Plans
Assessments of the NREAPS have been carried out within the REPAP project; the
relevant documents are the NREAP Assessment Report (Ragwitz et al., 2011) and
the EU Industry Roadmap (EREC, 2011). A more detailed comparison of the
support policies in place in all EU member states was conducted in the framework of
the RE-Shaping project, and the latest version of this is the D-17 Report (Steinhilber
et al., 2011).
2.6.1. REPAP Evaluations
The NREAP Assessment Report, by the Vienna University of Technology Energy
Economics Group and the Fraunhofer Institute Systems and Innovation Research,
evaluates each member state’s NREAP according to a number of assessment
criteria. These fall into five main categories; with regard to the member states of
interest, the results are as follows:

Table 4 - REPAP Evaluation (adapted from Ragwitz et al., 2011)
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With regard to support measures for electricity from renewable energy sources, the
NREAPs of both Germany and Slovenia were deemed good, while that of Spain was
found to require “further stabilization and strengthening” (Ragwitz et al., 2011). The
report goes into more detail, and we examine that for the member states of interest
below.
The ‘EU Industry Roadmap’ report, compiled by the European Renewable Energy
Council, compares the projections of each member state as stated in the NREAP
with the projections by the renewable energy industry, and includes key
recommendations from the renewable energy industry (EREC, 2011). With regard to
support measures for electricity from renewable energy sources, the report notes,
on a general level, that “certain NREAPs create instabilities in their support
mechanisms by announcing cuts or changes without giving details as to the future
shape or duration of the mechanism” (EREC, 2011).
The report also describes the role of the European Commission, which is to ensure
that member states “stay on track and in line with their indicative trajectories and
with their 2020 binding targets” (EREC, 2011). In addition, the report notes that from
2010 on, infringement procedures can be put before the European Court of Justice
for, amongst others, “significant deviation from plan or trajectory” (EREC, 2011).
The NREAPs are then evaluated from the industry’s point of view, for each member
state. Evaluations of the electricity sector, and the support measures associated
with it, for the three member states of interest follow in the next section.
Germany
The NREAP Assessment Report states that “the support measures for renewable
electricity currently implemented in Germany can be considered best practice”
(Ragwitz et al., 2011), but it also notes that in the future, “more incentives for RES
producers to sell their production on the market to achieve a higher degree of
market integration” (Ragwitz et al., 2011) will be necessary.
By contrast, the EU Industry Roadmap Report is critical of the amendments made to
the Renewable Energy Act, noting the deep cuts for PV tariffs and “proposals to
phase out technology specific support by 2020” (Ragwitz et al., 2011) are leading to
increasing concerns with regard to stability and reliability (EREC, 2011). Comparing
the NREAP projections for 2020 with the projections by the renewable energy
industry, the NREAP projections are lower for all renewable energy technologies
except for solar photovoltaic, biomass, and biogas (EREC, 2011). Finally,
recommendations for the feed-in tariff structure are focused mainly on maintaining
the basic elements thereof (EREC, 2011).
Spain
The NREAP Assessment Report notes that while some support levels are sufficient
(onshore wind, solar, and small hydro), it recommends that others be reviewed
(marine, biogas, biomass, small wind) (Ragwitz et al., 2011). Additionally, it notes
“major concerns” (Ragwitz et al., 2011) with regard to overall support levels in the
future and in particular for solar photovoltaic.
15

Similarly, the EU Industry Roadmap Report is highly critical of the 2010 tariff cuts for
Spain for wind power as well as solar photovoltaic, which “have worsened the
already difficult situation for the Spanish RES sector in general and the image of
missing long-term stability and reliability of RES support policies” (EREC, 2011).
Comparing the NREAP projections for 2020 with the projections by the renewable
energy industry, the NREAP projections are lower for all renewable energy
technologies except for large hydro (EREC, 2011). Finally, recommendations for the
feed-in tariff structure include improvements in revisions of the tariff levels, with the
right of annual revisions but without retroactivity, and the introduction of tariffs for
self-consumption (EREC, 2011).
Slovenia
The NREAP Assessment Report assesses Slovenia’s support measures as “mostly
adequate” (Ragwitz et al., 2011), with a recommendation to adjust support for solar
photovoltaic (Ragwitz et al., 2011).
Similarly, the EU Industry Roadmap Report assesses the feed-in structure of
Slovenia as “appropriate and efficient” (EREC, 2011). However, it also notes that “in
the past six years, the support system changed far too often and hopefully the
current one will, as is planned, remain valid for a longer period of time” (EREC,
2011). Comparing the NREAP projections for 2020 with the projections by the
renewable energy industry1, the NREAP projections are lower for wind power and
biogas, while they are higher or the same for all others. The difference in wind
power projections is substantial, with nearly 1,000GWh of additional production
compared to the NREAP projections (EREC, 2011). Finally, recommendations on
the feed-in tariff structure deal mainly with the shortening and simplification of some
procedures (e.g. calculating the reference premium), as well as incentive levels for
the refurbishment of old power plants (EREC, 2011).
2.6.2. The RE-Shaping Report
The D-17 Report within the RE-Shaping framework deals specifically with the
support measures in place to promote electricity from renewable energy sources.
The support measures are analysed with various indicators, to evaluate policy
effectiveness, deployment status, economic incentives, and electricity market
preparedness (Steinhilber et al., 2011). The data used for computing the different
indicators varies; some is as recent of 2011 (e.g. economic incentives) while other
data is from 2009.
The report defines the effectiveness of a support policy for RES electricity as “the
ratio of the change in the normalized final energy generation during a given period of
time and the additional realizable mid-term potential until 2020 for a specific
technology” (Steinhilber et al., 2011), which allows for unbiased cross-country
comparisons as Member States should develop their renewable energy sources in
proportion to their specific potential (Steinhilber et al., 2011).
1

For Slovenia, these projections were prepared by the Vienna University of Technology Energy
Economics Group and the Fraunhofer Institute Systems and Innovation Research.
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The deployment status quantifies the advancement of the market for specific
renewable energy technologies, based on market surveys, and distinguishes
between immature, intermediate, and advanced markets (Steinhilber et al., 2011). It
is composed of sub-indicators on the share of total production in the sector (e.g.
electricity), production as a share of 2030 potential, and installed capacity
(Steinhilber et al., 2011).
Economic incentives – i.e. support measures – are aggregated by technology type
and evaluated by comparing the net present value of overall support payments
discounted to the electricity generation costs levelised over the whole lifetime of the
plant (Steinhilber et al., 2011). Feed-in tariffs are compared as ranges, and the
complexity of some support schemes means that the comparison in the report
“serves as an indication” (Steinhilber et al., 2011). Potential profit for investors is
also taken into account, with the maximum profit defined as the “difference between
the maximum support level and minimum generation costs” (Steinhilber et al., 2011).
A comparison is made between effectiveness of the policy with the level of financial
support “to clarify whether the success of a specific policy depends predominantly
on the economic incentives or whether additional aspects influence the market
development of RET” (Steinhilber et al., 2011).
With regard to electricity market preparedness, the indicator deals with “the maturity
or preparedness of the electricity market for RES-E market integration” (Steinhilber
et al., 2011); it is composed of sub-indicators dealing with TSO unbundling, number
of companies with more than 5% shares of generation capacity, the wholesale
market, and the retail market, the share of electricity traded at exchanges, and the
gate closure time (Steinhilber et al., 2011). The electricity market preparedness
indicator is used in combination with the deployment status indicator to derive
differentiated policy recommendations, such as whether to move from fixed feed-in
tariffs to premium tariff systems (Steinhilber et al., 2011).
For the Member States of interest, the indicators are as follows:
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Technology

Germany

Spain

Slovenia

Policy
Effectiveness

Deployment
Status

Policy
Effectiveness

Deployment
Status

Policy
Effectiveness

Deployment
Status

Wind
Onshore
(2010)

6%

Advanced

10%

Advanced

0%

Immature

Wind
Offshore
(2010)

0.5%

Immature

0%

Immature

0%

Immature

Solar
Photovoltaic
(2010)

36%

Intermediate

2%

Intermediate

3%

Immature

Solid &Liquid
Biomass
(2009)

9%

Intermediate

1.5%

Immature

0%

Immature

Biogas
(2009)

45%

Advanced

0%

Immature

2%

Immature

Small-scale
Hydropower
(2009)

34%

Intermediate

2%

Intermediate

7.5%

Advanced

(solid only)

(solid only)

(solid only)

Table 5 – Policy Effectiveness and Deployment Status Indicators (adapted from
Steinhilber et al., 2011)

We can here relate the policy effectiveness to the structure of the feed-in tariff
systems applied in each member state of interest. Thus, the fixed tariff approach
used in Germany is more effective than the fixed and premium tariff mixes of both
Spain and Slovenia, although the effects of perceived stability must be considered
as well, with uncertainty regarding future developments in Spain likely lowering its
policy effectiveness, while Slovenia’s relatively late implementation of a proper feedin tariff system may have contributed to the rather low policy effectiveness indicated
above.
The economic incentives are evaluated by comparing the average to maximum tariff
offered per technology to the long-term marginal generation cost range (from
minimum to average costs) (Steinhilber et al., 2011). Thus, economic incentives can
be considered “sufficiently high” (Steinhilber et al., 2011) even if the average tariff is
below the minimum long-term marginal generation cost, as long as the maximum
tariff is within the range or above the average long-term marginal generation cost.
For the Member States of interest, we observe the following:
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Technology

Germany

Spain

Slovenia

Average
Tariff

Maximum
Tariff

Average
Tariff

Maximum
Tariff

Average
Tariff

Maximum
Tariff

Wind
Onshore
(2011)

in range

in range

in range

in range

above
range

above
range

Wind
Offshore
(2011)

in range

in range

below
range

above
range

N/A

N/A

Solar
Photovoltaic
(2011)

below
range

in range

above
range

above
range

within
range

within
range

Solid
&Liquid
Biomass
(2009)

above
range

above
range

above
range

above
range

above
range

above
range

Biogas
(2009)

above
range

above
range

below
range

within
range

within
range

within
range

Small-scale
Hydropower
(2009)

within
range

within
range

above
range

above
range

above
range

above
range

Table 6 - Economic Incentives (adapted from Steinhilber et al., 2011)

We can here relate the level of the tariff as compared to minimum to average
generation costs to the balancing need of feed-in tariff design mentioned earlier,
namely, that support levels should be “sufficient to stimulate capacity growth (…) but
should also avoid windfall profits” (Steinhilber et al., 2011). We can expect that the
balancing is achieved if the average and maximum tariffs fall within the range of
minimum to average generation costs. We see that despite the cuts made to feed-in
tariffs for solar photovoltaic in Spain before 2010, the average and maximum tariffs
remain above the minimum to average generation costs. Additionally, all three
member states also have tariffs above the minimum to average generation cost
range for biomass. With regard to other tariffs that exceed the minimum to average
generation cost range, Spain and Slovenia have tariffs for small-scale hydropower
that are higher than the minimum to average generation costs; Slovenia has higher
tariffs for onshore wind; and Germany has higher tariffs for biomass.
The indicator on electricity market preparedness is a percentage score from 0% (low
preparedness) to 100% (high preparedness) (Steinhilber et al., 2011). The member
states of interest scored as follows:
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Figure 2 - Electricity Market Preparedness (adapted from Steinhilber et al., 2011)

All three member states of interest score reasonably well on the electricity market
preparedness indicator. For Slovenia, data on the share of electricity traded at the
exchange was missing. In other literature, the role of the electricity exchange in
Slovenia is “given rather low importance” (Bojnec and Papler, 2010), as retail
distribution companies prefer to purchase electricity directly from HES (Bojnec and
Papler, 2010), which, with a 68.4% share of electricity production, is by far the
largest producer (EA RS, 2010). Thus, in figure 2 above, Slovenia likely scores the
lowest of the three.

2.7. The Social Cost of Carbon
A big reason behind the need for support measures to promote renewable energy
stems from the fact that many negative externalities of conventional energy
generation are not taken into account in the pricing of the energy produced them,
while many positive externalities of renewable energy generation are likewise not
taken into account in the pricing of the energy produced by, as explained above.
One such externality, highly relevant to climate policy, is the social cost of carbon;
emissions from conventional energy generation and the damage they cause are not
taken into account in the pricing system, while emissions avoided by deploying
renewable energy sources and the benefit thereof are also not taken into account.
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As Tol puts it, “estimates of the social cost of carbon (dioxide) emissions), or the
marginal cost of climate change are an essential ingredient to any assessment of
climate policy” (Tol, 2008). Numerous estimates from various studies have been put
forward, with the total number of estimates above 200 (Tol, 2008).
Estimating the social cost of carbon is an attempt to put a number on “the cost of
climate change damages – the net effects of impacts on economies and societies of
long term trends in climate conditions, including extreme events, related to
anthropogenic emission of greenhouse gases” (Downing et al., 2005). However,
given the uncertainties surrounding climate change projections and their impacts,
estimates of the social cost of carbon are subject to high uncertainty; “experts
disagree regarding the appropriateness of cost benefit aggregations, the nature of
quantifiable damages and the range of resulting estimates” (Downing et al., 2005).
The uncertainty cascade inherent in estimating impacts of climate change leads to
uncertainties in the social cost of carbon (Downing et al., 2005).
A study commissioned by the UK Department for Environment, Food and Rural
Affairs evaluates the social cost of carbon within a risk assessment framework
(Downing et al., 2005). More specifically, they employ the following risk matrix:

Figure 3 - Risk Matrix for the Social Cost of Carbon (Downing et al., 2005)

Going from top to bottom represents increasing uncertainty, as, for example, the
uncertainty surrounding large-scale system changes (and their timing) is higher than
the uncertainty surrounding the projections of future carbon dioxide emissions
(though there is uncertainty here as well); similarly, going from left to right also
represents increasing uncertainty, as valuation measures for market-related impacts
yield more explicitly quantified results compared to valuation measures for nonmarket impacts (e.g. loss of species) or socially contingent impacts (e.g. increasing
droughts leading to regional migration) (Downing et al., 2005). Furthermore, the
report notes that “the coverage of existing studies is almost exclusively in the upper
left quadrant of our risk matrix” (Downing et al., 2005).
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Within the report, the definition of the social cost of carbon employed is the following:
“the net present value of the impact over the next 100 years (or longer) of one
additional ton of carbon emitted to the atmosphere today” (Downing et al., 2005).
The range of estimates varies by at least three orders of magnitude; thus “the range
of estimates currently offered as the state-of-the-art is incomplete” (Downing et al.,
2005). The estimates of the social cost of carbon are, aside from the uncertainties
involved in climate change impacts, also sensitive to the choice of discount rate as
well as equity weighting. The latter involves taking into account “that a pound is
worth more to the rich than to the poor” (Downing et al., 2005), and this has “a
significant impact on the social cost of carbon” (Downing et al., 2005). Tol carries
out a meta-analysis of 211 estimates of the social cost of carbon found in the
literature, again finding a wide range (Tol, 2008).
The report by Downing et al. does arrive at a figure of £35 per ton of carbon as a
reasonable lower benchmark for “a global decision context that has already agreed
to the UNFCCC commitment” (Downing et al., 2005). An upper benchmark is not
presented, but it is noted that “the risk of higher values for the social cost of carbon
is significant” (Downing et al., 2005). In addition, it estimates a social cost of carbon
equity-weighted for EU income levels, as “only values calibrated at EU incomes are
useful policy making in Europe” (Downing et al., 2005); this estimate is markedly
higher, at £120 per ton of carbon (Downing et al., 2005).
Other values for the social cost of carbon have been suggested by the Stern Review
on the Economics of Climate Change, with a value of $85 per ton of carbon dioxide
(Stern, 2006). One may also refer to the price of carbon allowances in the EU ETS,
which have been much lower than most estimates in the literature and close to the
lower benchmark identified by (Downing et al., 2005); the highest price based on the
EU ETS was reached in April 2006, and was €31.59 (Point Carbon, 2007). However,
care must be taken when looking at prices from the EU ETS, particularly during the
first phase where allowances were given out for free and may not reflect true cost
(see 2.3).
With regard to actually applying estimates of the social cost of carbon to evaluations
of climate policy, there is some controversy. For example, Ekins suggests that “there
is no scientifically valid way of assigning monetary numbers” (Ekins, 2005) to
outcomes characterized by high uncertainty, ignorance and indeterminacy (Ekins,
2005). Furthermore, given the discontinuity of the temporal damage profile of carbon
emissions (e.g. sudden changes leading to runaway climate change), Ekins argues
that using a marginal damage approach “is simply inappropriate” (Ekins, 2005).
However, the fact is that estimates of the social cost of carbon, riddled with
uncertainties as they may be, have been used to evaluate policies in the past, and
this will continue in the future. For example, UK government recommended an
illustrative value (£70/tC) and an illustrative range (£35-£140/tC) for use in policy
appraisal; furthermore, the values, based for the year 2000, were to increase each
year (by £1/tC) (Watkiss and Downing, 2008). Since the recommendation was made
in 2002, the illustrative values “have been used widely in regulatory impact appraisal
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and in the consideration of environmental taxes and charges” (Watkiss and Downing,
2008). It must be pointed out that for analyzing long-term climate policy, the social
cost of carbon has “limited use” but its use in analyzing short-term policy is less
controversial. As the EU climate policy up to 2020 falls into the short-term (Watkiss
and Downing, 2008), we may take estimates of the social cost of carbon into
account in our analysis.

2.8. Discussion
We may now make some comments on the implications of the theoretical basis
behind feed-in tariff design and the costs associated with them, as well as the
structure of the feed-in tariffs in practice in the three member states of interest as of
2010, on our first two research questions2.
Our first research question is as follows: Is there a point in the NREAP indicative
trajectories at which the benefits from emissions avoided due to the feed-in tariffs
exceed the additional costs imposed on society by the feed-in tariffs? And, if so, for
which technology types and under which assumptions regarding the social cost of
carbon?
Germany, which has annual degressions of remuneration levels for new installations,
will provide an illustration of what we are suggesting. Remuneration levels are fixed
for a number of years at the level they were when an installation becomes
operational, while later installations receive a lower tariff; thus, with time, the overall
costs of the feed-in tariff first increase as the number of installations increases and
‘old’ installations continue to receive the higher tariffs, but then level off and
decrease as ‘old’ installations’ remuneration expires and as new installations receive
even smaller tariffs (or, eventually, none at all). At the same time, the benefits in
terms of carbon dioxide emissions avoided, increase linearly as capacity increases.
Thus, the picture may look as follows:

Figure 4 - Cost and Benefit Trajectory (own elaboration)
2

We do not attempt to comment on our third research question, as its nature is speculative and
itself depends on the answers to the first two research questions.
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Thus, in attempting to answer research question 1, we are looking for whether the
development of feed-in tariff costs and benefits in the 2010-2020 period in the three
member states of interest approximates such a situation or not. While from a
theoretical point of view, it is possible for Germany (depending on the estimate of
the social cost of carbon used), the general absence of planned degressions in
Spain and Slovenia complicates the matter as it is unlikely that the costs due to
feed-in tariffs to follow a trajectory of the sort shown in Figure 4 above without them.
However, both Spain and Slovenia have planned degressions for the tariff for solar
photovoltaic, so it might be possible in this case.
Our second research question is as follows: How have the member states of interest
progressed in reaching the targets for electricity from renewable energy sources as
stated in their respective NREAP indicative trajectories? What other developments
are significant?
We can only comment on the implications for each Member State based on the
theoretical analysis of their individual feed-in tariff design choices. As mentioned,
fixed feed-in tariffs provide more stability and result in more deployment. Given that
as of 2010, Germany used fixed tariffs exclusively, Spain used both fixed and
premium tariffs with the choice up to the producer (provided the capacity of the
installation is less than 50MW), and Slovenia used both fixed and premium tariffs
with the choice up to the producer (provided the capacity of the installation is less
than 5MW), it would seem logical that Germany would make the most progress and
Slovenia the least, with Spain inbetween, given the relative reliance on fixed or
premium tariffs. However, this assumes that no other factors play a part, which is
not realistic; the perceived stability and remuneration levels are also important. For
example, Spain’s system is perceived as less stable, especially with regard to solar
photovoltaic, but its remuneration levels for the same technology are higher than in
Germany and Slovenia (relative to the minimum to average generation cost ranges);
one would expect that the lack of stability acts as a disincentive, and that the high
remuneration levels acts as an incentive. The relative influence and magnitude of
these two factors, and the resulting effects, are difficult to evaluate a priori.
Additionally, any hypothesis made with regard to our second research question
would be made with the assumption that the legal framework and the feed-in tariff
structure as of 2010 would not have changed since, an assumption that is clearly
false. Thus, we end this section by noting that although we cannot link the feed-in
tariff structure, its remuneration levels and the perceived stability of the system with
an a priori judgment on the success of the policy, we may be able to link the two in
hindsight by looking at the actual progress made.
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3. METHODOLOGY
We use different approaches in different sections. The methodological notes for
each section are as follows:

3.1. Cost-Benefit Analysis of the NREAP Targets
3.1.1. Potential Cost Ranges
This section has the most complex methodology involving a number of assumptions.
Our starting point are the indicative trajectories for installed capacity of, and
electricity production from, renewable energy sources in the member states of
interest, as found in their respective NREAPs in Table 10.
We then use the data in the NREAP indicative trajectories to derive potential cost
ranges. These costs reflect the additional cost imposed on society (i.e. consumers)
by the use of feed-in tariffs. The feed-in tariffs are often differentiated according to
installation size, and can be either fixed feed-in tariffs or a premium feed-in tariff. As
the figures on installed capacity and electricity produced contained within Table 10
of the NREAPs are mainly aggregated, and that no data is available detailing which
producers opt for the fixed or the premium tariffs (where the choice is available), the
cost ranges have been computed by using the lowest possible tariff and the highest
possible tariff. An example, using the German feed-in tariff levels for hydropower as
stated in the NREAP, and the 2010 NREAP target for electricity production from
hydropower, is as follows:
Minimum tariff: 3.50 cent/kWh
Maximum tariff: 12.67 cent/kWh
2010 NREAP production target: 18,000 GWh
Potential cost range
= (min. tariff x electricity production) – (max. tariff x electricity production)
= 630,000,000 – 2,280,600,000 EUR
When producers have a choice between a fixed tariff or a premium tariff, the same
approach is used, only that the value used for the minimum tariff is whichever is
lower – the lowest fixed tariff or the premium tariff (the maximum tariff is in all cases
a fixed tariff; even if the electricity price is very high and the producer profits more
under a premium tariff, the additional costs imposed on society by the use of feed-in
tariffs is still only the premium on top of the electricity price, and not the entire
amount). An example, using the Slovenian feed-in tariff levels for hydropower as
stated in the NREAP, and the 2010 NREAP target for electricity production from
hydropower, is as follows:
Minimum tariff: 1.807 cent/kWh (lowest premium tariff)
Maximum tariff: 10.547 cent/kWh (highest fixed tariff)
2010 NREAP production target: 4,099 GWh
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Potential cost range
= (min. tariff x electricity production) – (max. tariff x electricity production)
= 7,4068,930 – 432,321,530 EUR
When producers have a choice between a fixed tariff or a premium tariff, and the
premium tariff system includes a ceiling and a floor price, where if the electricity
price exceeds the ceiling, the premium is zero and if the electricity price falls below
the floor, the premium is equal to the floor price, the situation is a bit more
complicated. Under such a system, when the ceiling has been reached, the
additional cost imposed on society by the use of feed-in tariffs is zero (as the
premium paid is zero). Thus, theoretically, if all producers opt for the feed-in
premium and if the electricity price is always above the ceiling, then the minimum of
the potential cost range should be zero. However, in practice, not all producers opt
for the feed-in premium, nor is the electricity price always above the ceiling. Of the
member states of interest, only Spain has implemented a premium tariff with price
ceilings and price floors; for a situation where the electricity price is between the
ceiling and floor, the producer receives a reference premium. Thus, in computing
our potential cost ranges, we assume that on average, the reference premium is the
minimum tariff paid. An example, using the Spanish feed-in tariff levels for
hydropower as stated in the NREAP, and the 2010 NREAP target for electricity
production from hydropower, is as follows:
Minimum tariff: 2.2263 cent/kWh (reference premium)
Maximum tariff: 8.2519 cent/kWh
2010 NREAP production target: 34,617 GWh
Potential cost range
= (min. tariff x electricity production) – (max. tariff x electricity production)
= 783,382,710 – 2,856,560,223 EUR
3.1.2. Feed-in Tariff Levels
Computing the potential cost ranges is dependent on the feed-in tariff levels used,
and these may vary in the 2010-2020 period. For example, Germany’s 2009
Renewable Energy Act includes yearly degressions on all feed-in tariffs, from 1% for
hydropower to up to 10% for solar photovoltaic (NREAP DE, 2010). Additional cuts
are mentioned in Germany’s NREAP for solar photovoltaic, for example a 13% cut
for roof installations in July 2010 (NREAP DE, 2010). Spain does not mention yearly
degressions in its NREAP, but imposes an installed capacity quota for solar
photovoltaic, whereby feed-in tariffs are reduced if the quota is exceeded, with
adjustments occurring in each quarter (NREAP ES, 2010). Slovenia includes yearly
degressions for solar photovoltaic remuneration of 7% and no degressions on tariffs
for other technologies, although the premium tariff is re-calculated every year to take
into account changing costs (NREAP SI, 2010).
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The purpose of feed-in tariffs is to promote electricity from renewable energy
sources that are not competitive without support; as their costs decrease, so should
the support. They should also provide investment stability; thus support should not
decrease suddenly or without warning. Generally, support levels should be
“sufficient to stimulate capacity growth (…) but should also avoid windfall profits”
(Steinhilber et al., 2011). In this respect, Germany’s yearly degressions are
appropriate (though its rapid and unannounced cuts in solar photovoltaic tariffs are
not). In order for the potential cost range to more accurately reflect the actual
situation, the feed-in tariffs used for calculating the potential cost range are thus
adjusted from year to year, according to legislation as of 2011 and the most recent
data available. However, given the different feed-in tariff structures of the member
states of interest, this is done differently depending on the member state concerned:
Germany: As mentioned, yearly degressions are provided for in the Renewable
Energy Act. At the time of writing, these have been adjusted from those stated in the
NREAP (PR DE, 2011). For computing potential cost ranges, we use the NREAP
tariffs for 2010 (adjusted for degressions in solar photovoltaic tariffs), adjusted
NREAP tariffs for 2011 (Held et al., 2010), amended Renewable Energy Act tariffs
for 2012 (PR DE, 2011), and use the yearly degressions provided for in the 2012
tariffs to calculate the tariffs expected in each successive year.
Spain: The only degressions provided for in Spain are those for solar photovoltaic,
and these differ depending on quota fulfillment. According to Spain’s NREAP, solar
photovoltaic “tariffs fall at an approximate annual rate of 10% depending on the way
the assigned quotas are covered” (NREAP ES, 2010). As Spain did not submit a
Progress Report, we use a 10% yearly degression for solar photovoltaic tariffs and
no degression at all for tariffs for other technology types. While Royal Decree 1/2012
suspends feed-in tariffs for new installations (see 5.4.2.2.), we do not take it into
account as we are interested in the additional costs imposed by the feed-in tariffs,
and without feed-in tariffs, these do not exist.
Slovenia: The only degressions provided for in the NREAP are for solar photovoltaic,
with a yearly value of 7% (NREAP SI, 2010). However, an amendment to the
Energy Law in 2011 changes this to 8% yearly, depending on the fulfillment of a
yearly new installed capacity quota of 55MW. Additionally, one-time cuts of 40% and
30% are scheduled for 2012. Data for 2010, 2011, and 2012 tariff levels are taken
from the respective yearly reports by Borzen, the Slovenian electricity exchange
(Borzen, 2009; 2011-a; 2011-b). For successive years, an 8% degression is applied
for solar photovoltaic tariffs while all other tariffs are kept at 2012 levels. Although
premium tariffs are recalculated annually, in the absence of data on expected
developments in the reference price of electricity (on which premium tariff
calculations are based), we use 2012 levels also for successive years.
Two final assumptions were used in the calculations. First, with regard to the feed-in
tariff levels used in calculating the potential cost ranges, we start with the year 2010;
for easier comparison, it is assumed that all installed capacity in the year 2010
receives their respective tariffs at 2010 levels. This is done to facilitate calculations
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but underestimates the maximum of the potential cost range, as in reality, capacity
installed before 2010 receives the feed-in tariff from that year for a guaranteed
period (which generally lasts past 2020, depending on the age of the installation);
these earlier tariff levels were generally higher than those in 2010. Second, we
assume that all installed capacity participates in the feed-in tariff system. While this
is a reasonable assumption for some technologies (e.g. solar photovoltaic), it does
not fully reflect reality for others, especially hydropower; for example, in Spain only
hydropower with a capacity below 50MW is eligible to receive feed-in tariffs (NREAP
ES, 2010). However, the latter assumption poses less of a problem. We are here
concerned with comparing the additional costs imposed on society by the use of
feed-in tariffs with the benefits gained by the use of feed-in tariffs; the latter
assumption overestimates both in the same direction and with the same magnitude,
so that the difference between the additional costs and the benefits is unchanged.
3.1.3. Electricity Production and Applicable Tariffs
In the section above, we explained that we use different feed-in tariff levels for
different technology types in different years, depending on actual/expected tariff cuts
and degressions. More specifically, we use different tariff levels in Germany for each
technology type in each year from 2010 to 2020; in Spain, for solar photovoltaic in
each year from 2010 to 2020; and in Slovenia, for each technology type in 2010,
2011, and 2012, and solar photovoltaic in each successive year up to 2020. This
has implications on the quantity of electricity produced that the different tariff levels
are applied to.
We therefore assume that the difference between electricity produced in year N and
electricity produced in year N-1 is solely due to the additional capacity installed in
year N. For analysis of the NREAP indicative trajectories, this is a reasonable
assumption; electricity production from technologies with variable production (e.g.
hydro, wind) has been normalized to take into account of said variation.
For computing the potential cost ranges of a particular renewable energy technology
on a year-by-year basis, we therefore use the minimum and maximum tariffs for that
technology for year n and the electricity produced by that technology in year n.
Where tariffs change on a yearly basis (e.g. Germany), the potential cost range for
year n is calculated as:
Potential cost range YEAR N
= potential cost range YEAR N-1 + potential additional cost range YEAR N
= ((min. tariff YEAR N-1 x electricity production YEAR N-1) – (max. tariff YEAR N-1 x electricity
production YEAR N-1))
+ ((min. tariff YEAR N x additional electricity production YEAR N) – (max tariff YEAR N x
additional electricity production YEAR N))
where additional electricity production YEAR N is simply electricity production in year N
minus electricity production in year N-1. An example, using solar photovoltaic in
Germany in the years 2010 and 2011, looks as follows:
min. tariff 2010 = 27 cent/kWh
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max. tariff 2010 = 47.3 cent/kWh
min. tariff 2011 = 22.06 cent/kWh
max tariff 2011 = 30.06 cent/kWh
electricity production 2010= 9,499 GWh
electricity production 2011= 13,967 GWh
additional electricity production 2011 = 4,468 GWh
Potential cost range2011
= ((27 cent/kWh x 9,499 GWh) – (47.3 cent/kWh x 9,499 GWh)) + ((22.06 cent/kWh
x 4,468 GWh) – (30.06 cent/kWh x 4,468 GWh))
= 3,550,370,800 – 5,836,107,800 EUR
In some cases where yearly degressions are not applicable (e.g. Spain for all
technology types except solar photovoltaic), the potential cost range in year N is
calculated according to 3.1.1.
3.1.4. Emissions Avoided
For each kWh of electricity generated by renewable energy sources, a certain
quantity of emissions of carbon dioxide is avoided. The precise quantity depends on
the avoidance factor for the specific renewable energy technology. These are
available in the annual reports on renewable energy, published by Germany’s
Federal Ministry for the Environment, Nature Conservation, and Nuclear Safety
(BMU, 2009; 2010).
The reports note that “calculation of the emissions avoided by the use of renewable
energy sources is derived from the volume of renewable electricity generation as
well as substitution and emission factors” (BMU, 2009), and the substitution and
emission factors used in the reports are themselves derived from different
databases and research projects (BMU, 2009).
The precise avoidance factor depends on what kind of conventional electricity
generation technology is substituted; thus, the factor varies from year to year and
country to country. Thus, in the 2009 report, the following avoidance factors are
used (BMU, 2009):
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Technology

Avoidance Factor (gCO2/kWh)

Hydropower

851

Wind

753

Solar Photovoltaic

591

Biogenic solid fuels

819

Biogenic liquid fuels

570

Biogas

688

Sewage gas

780

Landfill gas

784

Biogenic share of waste

829

Geothermal energy

835

Table 7 – Avoidance Factors for Germany in 2009 (BMU, 2009)

The 2011 report uses avoidance factors based on newer research. Due to a
changed generation mixed and a revised method (BMU, 2011), the resulting
avoidance factors are different:
Technology

Avoidance Factor (gCO2/kWh)

Hydropower

794

Wind

736

Solar Photovoltaic

679

Biogenic solid fuels

778

Biogenic liquid fuels

602

Biogas

565

Sewage gas

748

Landfill gas

748

Biogenic share of waste

773

Geothermal energy

488

Table 8 - Avoidance Factors for Germany in 2010 (BMU, 2010)

These avoidance factors are based on a simulation of the German electricity market;
the values are likely different for Spain and Slovenia. However, in the absence of
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data on avoidance factors specific to those countries, we use the latest avoidance
factors for Germany from Table 8 above for calculating avoided emissions, keeping
in mind that the figures may not be accurate for Spain and Slovenia.
Our basis for the amount of electricity generated from each particular technology
type will be the Table 10 projections of the NREAP, and the actual progress made,
which has the same aggregate categorization. However, the data on avoidance
factors is categorized differently; thus, there is no differentiation between onshore
and offshore wind, while the various types of biomass are disaggregated to a deeper
extent than they are in Table 10 of the NREAP. We thus combine electricity
production from onshore and offshore wind, and use a range for emissions avoided
by biomass, where there range is 565g CO2/kWh – 778g CO2/kWh. In addition,
there is no listed avoidance factor for tidal energy – since the factors are derived for
the German situation, where no tidal energy is expected in the 2010-2020 period –
so we cannot include it in our analysis. For the same reason, there is no avoidance
factor for concentrated solar, and again, this precludes cost-benefit analysis of
concentrated solar deployment in Spain.
The estimate for emissions avoided is calculated simply as follows:
Emissions avoided (tCO2) = Avoidance factor (g CO2/kWh) x Electricity Production
(GWh)
3.1.5. The Benefit of Avoided Emissions
In order to calculate the benefits of the feed-in tariff scheme, we must choose some
value for the damage caused by emissions CO2; the benefits are then the value of
the damage avoided by reducing CO2 emissions. While estimating the marginal cost
of carbon is riddled with uncertainties (see 2.7), the literature does provide different
estimates based on different assumptions. For our analysis, four estimates reflecting
different assumptions have been chosen, found in table 9 below :
Social
Cost
of
(EUR2010/tCO2)

Carbon

Estimate

14.51 (lower benchmark)
34.14 (maximum ETS price)
50.09 (EU-income weighted)
89.86 (Stern Review)
Table 9 – Social Cost of Carbon Estimates in 2010 (own elaboration)

These are based on the following four estimates in the literature:
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‐

$85/tCO2 (or €89.86/tCO2); the social cost of carbon estimate used in the
Stern Review (Stern, 2006)

‐

£35/tC (or €53.44/tCO2); the social cost of carbon estimate recommended as
a lower benchmark (Downing et al., 2005)

‐

£120/tC (or €183.25/tCO2); the social cost of carbon estimate weighted for
EU-income levels (Downing et al., 2005)

‐

€31.58/tCO2 (or €34.14/tCO2 in 2010 levels); the maximum price of carbon
allowances reached in the EU ETS (Point Carbon, 2007)

These estimates are expressed in USD1995, GBP2000, and EUR2006, respectively,
and have been updated in table 9 to EUR2010 values, first by inflating them to 2010
values and then converting them to EUR (where applicable) using annualized
bilateral exchange rates. These figures are found in Table 10 below. Additionally,
conversion from tons of carbon to tons of carbon dioxide is necessary to calculate
the value of avoided emissions which are expressed in tons of carbon dioxide,
where one ton of carbon equals 3.664 tons of carbon dioxide (Downing et al., 2005).
Original Value

Inflation (Original Year to Annualized
Bilateral
2010)
Exchange Rate in 2010
(EUR/currency)

USD1995

43%

0.73926

GBP2000

31%

1.1657

EUR2006

8.1%

N/A

Table 10 – Inflation and Exchange Rates (U.S. Bureau of Labour Statistics, 2012; Bank
of England, 2012; Eurostat, 2012; ECB Statistical Data Warehouse, 2012)

Thus, for each technology type in each year, we calculate the benefit from avoided
emissions by multiplying the emissions avoided with the different estimates of the
social cost of carbon in Table 10 above.
Finally, the different values for the social cost of carbon are also expressed for
emissions in different years; for example, the estimates in Downing et al. refer to
emissions starting in the year 2000. Generally, the estimates are “the net present
value of the impact over the next 100 years (or longer) of one additional ton of
carbon emitted to the atmosphere today” (Downing et al., 2005). But today in 2000
is not today in 2010. For this reason, a caveat must be added here regarding the
temporal dynamics of the social cost of carbon; while the chosen estimates from the
literature have been updated to EUR2010 values, they still reflect the damage over
the next 100 years of additional emissions in the year 2000. The damages from
emissions in the year 2010, and the years leading up to and including 2020, are not
the same. For example, the approach of the UK government is having the social
cost of carbon increase by a certain amount for each year after 2000 (Watkiss and
Downing, 2008). But the additional increases used in that approach are small - £1/tC,
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or £0.273/tCO2, each year (Watkiss and Downing, 2008). Given that there are
already substantial uncertainties regarding the estimates of the social cost of carbon,
and that the time horizon considered in this thesis is short, we do not incorporate
such an approach, and assume static values for the social cost of carbon.
3.1.6. Cost-Benefit Analysis
Having calculated the potential cost ranges for each technology type for year for
each member state under their NREAP indicative trajectories, and the benefit from
emissions avoided under different assumptions as to what the social cost of carbon
could be, we compare these. Given the various assumptions made in our
calculations, as explained above, the analysis should be taken mainly as a
theoretical illustration to see just how much of the additional costs of feed-in tariffs
are offset by the benefits they create.

3.2. Comparison of Progress Made
Comparing the actual progress made in 2010-2012 with the indicative trajectories of
the NREAPs of the Member States of interest will be done slightly differently for
each year, as different data sources were used due to availability reasons.
Generally, we compare both the actual installed capacity and electricity production
in year N with the indicative trajectory of the member state’s NREAP for year N, and
do so for the overall targets (e.g. total installed capacity) as well as the technologyspecific targets (e.g. total solar photovoltaic capacity).
3.2.1. Progress in 2010
Article 22 of Directive 2009/28/EC requires Member States to submit progress
reports every two years; the first of these was due at the end of 2011 and focused
on progress made in 2010 (DIR 2009/28/EC). Of the Member States of interest,
Germany and Slovenia submitted their progress reports, but Spain did not.
Thus, comparisons for Germany and Slovenia will be based on actual progress as
indicated in their respective progress reports; for Germany, more recent data from
the Working Group on Renewable Energy Statistics (BMU, 2012) will also be used.
For Spain, data was found in two different sources; statistical data from the National
Commission for Energy dealing with Special Regime installations only (NCE, 2012),
which uses different categories than Table 10 of the NREAP, and a 2010 report on
energy in Spain (MITT, 2010).
3.2.2. Progress in 2011
For actual progress made in 2011, different data sources were used. For Germany,
the latest data available was taken from the Working Group on Renewable Energy
Statistics (BMU, 2012). For Spain, we again rely on statistical data from the National
Commission for Energy (NCE, 2012). For Slovenia, no aggregate data was available,
but the requirement for all producers of electricity from renewable energy sources to
register before receiving remuneration through the feed-in tariff scheme means that
producer-level data is available through the online Register of Declarations (EA RS,
2012). Alongside a technology-specific breakdown of individual installations with
33

their respective capacities, the Register also contains information on the date of
registration, providing us with useful information; thus, for purposes of our analysis,
we assume that an installation registered in year N counts towards the installed
capacity in year N, giving us an aggregate number of total new installations for year
N. With regard to electricity production in 2011 in Slovenia, we assume that solar
photovoltaic production was possible for 1,000 hours, and that biomass and
hydropower production can be extrapolated from installed capacity using the same
factors used in calculating Table 10 figures in the NREAP.
Note that the datasets used for Spain and Slovenia deal only with renewable energy
sources that participate in the feed-in tariff system; as mentioned earlier, this is a
reasonable assumption for some renewable energy types (e.g. solar photovoltaic)
but not for others (e.g. large hydropower).
3.2.3. Progress in 2012
Progress made in 2012 can only be evaluated for Spain and Slovenia, as no data
was available for Germany.
For Spain, we again rely on statistical data from the National Commission for Energy.
The dataset was last updated in March 2012, so we can comment on progress
made until that point (NCE, 2012).
For Slovenia, we again rely on newly registered installations in the Register of
Declarations, counting all new installations registered until the end of April 2012 (EA
RS, 2012).
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4. RESULTS
4.1. The Costs and Benefits of the NREAP Trajectories
In this section, we examine each member state’s respective NREAP indicative
trajectory using the cost-benefit analysis described in 4.1., where costs are
expressed in terms of the additional costs imposed on society by use of feed-in
tariffs and benefits are expressed in terms of the costs of damages avoided through
avoided carbon dioxide emissions. This is done for each member state of interest
and by technology type, although some technologies are aggregated (e.g. wind) and
others are excluded (e.g. tidal or concentrated solar, where avoidance factors were
missing).
4.1.1. Germany
The cost-benefit analysis of the NREAP trajectory of Germany is the most accurate,
given that both the potential cost ranges were calculated using the foreseen tariff
degressions for each technology type, and that the benefits are based on avoidance
factors calculated for the German situation.
Combining the evolution of costs with the evolution of benefits, we see the following:

Figure 5 – Germany, Costs and Benefits of the Hydropower Tariff (own elaboration)
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Figure 6 - Germany, Costs and Benefits of the Geothermal Tariff (own elaboration)

Figure 7 - Germany, Costs and Benefits of the Solar Photovoltaic Tariff (own
elaboration)
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Figure 8 - Germany, Costs and Benefits of the Wind Tariff (own elaboration)

Figure 9 - Germany, Costs and Benefits of the Biomass Tariff (own elaboration)

We can see that for solar photovoltaic, geothermal energy, and biomass, the
benefits from avoided emissions are much lower than the additional costs imposed
on society by the feed-in tariffs, regardless of the estimate of the social cost of
carbon used. At the same time, the evolution of costs and benefits for solar
photovoltaic approximates our suggestion in 2.8, but given the relatively high costs
and low benefits, a break-even point seems to be far in the future.
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For hydropower and for wind, however, the benefits from avoided emissions do
exceed at least the minimum of the cost range under certain estimates of the social
cost of carbon. For wind, the minimum of the cost range is exceeded only by the
highest estimate of the social cost of carbon, that which is used in the Stern Review.
It must be noted, however, that the maximum of the cost range is likely an
overestimate, as wind was aggregated (given that the avoidance factor used to
calculate benefits did not distinguish between on- and offshore wind), so that the
maximum refers to the feed-in tariff for offshore wind, which is approximately twice
than that for onshore wind and is not subject to degressions until 2018. For
hydropower, the minimum of the cost range is exceeded by both the estimate of the
social cost of carbon used in the Stern Review as well as the estimate of the social
cost of carbon adjusted for EU-income levels.
4.1.2. Spain
The cost-benefit analysis for Spain is somewhat different, as the feed-in tariffs do
not have yearly degressions (aside from solar photovoltaic). Additionally, as the
avoidance factors used may not be accurate for Spain, caution must be taken before
drawing too strong conclusions.

Figure 10 – Spain, Costs and Benefits of the Hydropower Tariff (own elaboration)
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Figure 11 – Spain, Costs and Benefits of the Geothermal Tariff (own elaboration)

Figure 12 – Spain, Costs and Benefits of the Solar Photovoltaic Tariff (own elaboration)
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Figure 13 – Spain, Costs and Benefits of the Wind Tariff (own elaboration)

Figure 14 - Spain, Costs and Benefits of the Biomass Tariff (own elaboration)

For solar photovoltaic, the additional costs imposed on society by the feed-in tariffs
exceed the benefits from emissions avoided by far, regardless of the estimate of the
social cost of carbon used. However, for other renewable energy technology types,
the picture is different.
For hydropower, the benefits from emissions avoided exceed the minimum of the
cost range under three estimates of the social cost of carbon; the Stern Review
estimate, the EU-income weighted estimate, and the EU ETS maximum price. Only
benefits using the lower benchmark estimate fall below the cost range.
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For geothermal energy, the minimum of the cost range is exceeded (although only
slightly) by the benefits under the social cost of carbon estimate according to the
Stern Review, while other the benefits using other estimates are below the cost
range.
For wind power, benefits according to the Stern Review estimate and the EUincome weighted estimate of the social cost of carbon exceed the minimum of the
cost range and, up until 2014, the benefits following the Stern Review estimate are
close to the maximum of the cost range. The reason for the high jump after 2014 is,
that the first offshore wind installations are expected and, like in Germany, the feedin tariffs for offshore wind are markedly higher than for onshore (but the single
avoidance factor for wind necessitated aggregation).
For biomass, the benefits of emissions avoided exceed the minimum of the cost
range for the Stern Review estimate and the EU-income weighted estimate of the
social cost of carbon, as well as the upper estimate of benefits (i.e. using the higher
avoidance factor) using the EU ETS maximum price.
4.1.3. Slovenia
The results of the cost-benefit analysis for Slovenia are again different.

Figure 15 – Slovenia, Costs and Benefits of the Hydropower Tariff (own elaboration)
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Figure 16 - Slovenia, Costs and Benefits of the Solar Photovoltaic Tariff (own
elaboration)

Figure 17 - Slovenia, Costs and Benefits of the Wind Tariff (own elaboration)
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Figure 18 - Slovenia, Costs and Benefits of the Biomass Tariff (own elaboration)

Thus, the benefits of avoided emissions for solar photovoltaic are far below the
potential cost range, regardless of the social cost of carbon estimate used.
Additionally, despite annual degressions, the cost curve is exponential, as the
foreseen increases in later years are high enough that they outweigh the lower costs
expected from degressions.
For hydropower, the benefits of avoided emissions exceed the minimum of the
potential cost range using both the Stern Review estimate and the EU-income
weighted estimate. The estimate according to the EU ETS maximum price is not far
below the minimum cost, either.
The graphs for the cost of wind reflect the high jumps made in the NREAP indicative
trajectory, e.g. an increase in installed capacity from 8MW to 60MW between 2014
and 2015. In any case, the minimum of the potential cost range is exceeded only by
benefits from avoided emissions according to the Stern Review estimate, although
the EU-income weighted estimate comes close.

4.2. Progress Made in 2010
In this section, we compare the actual progress made by the three member states of
interest in 2010 to the targets indicated in their respective NREAP trajectories. First,
we look at their overall progress in both installed capacity of, and energy production
from, renewable energy sources. We then look at the installed capacity targets for
each technology type for each country, to compare the progress made in a more
detailed way.
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4.2.1. Overall Progress
All three member states of interest exceeded their overall 2010 NREAP targets for
both installed capacity of, and electricity produced from, renewable energy sources.
This can be seen in the figures below:

Figure 19 - Germany, 2010 Progress (NREAP DE, 2010; PR DE, 2011; BMU, 2012)

Figure 20 - Spain, 2010 Progress (NREAP ES, 2010; MITT, 2010; NCE, 2012)
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Figure 21 - Slovenia, 2010 Progress (NREAP SI, 2010; PR SI, 2011)

The degree to which the 2010 NREAP targets were exceeded differ among the
member states. Thus, with regard to installed capacity, Germany exceeded its target
by 3.2%; Spain by 1.2%; and Slovenia by 15.8%. With regard to electricity
production, Germany exceeded its targets by 6.8%; Spain by 15.9%3; and Slovenia
by 1.1%.
4.2.2. Germany
In this section we compare the actual progress made with the 2010 NREAP targets
for the installed capacity of renewable energy sources in Germany, broken down by
technology type.

3

Note that as data for Spain was not obtained through a NREAP Progress Report, the figures for
hydropower and wind power production are not normalized according to NREAP rules, and thus
actual production may be over‐ or under‐estimated (compared to NREAP‐normalized projections).
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Figure 22 - Germany, 2010 Progress by Technology (NREAP DE, 2010; PR DE, 2011;
BMU, 2012)

As we can see, although on an overall level, Germany has exceeded its 2010
targets for installed capacity, a closer look shows that some types of technology
have exceeded their targets – for example, solar photovoltaic exceeded its target by
9.7% - others have not.
Thus, the targets for installed capacity of hydro, solar photovoltaic, offshore wind,
and biomass energy were exceeded, while those for geothermal and onshore wind
energy were not reached.
4.2.3. Spain
In this section we compare the actual progress made with the 2010 NREAP targets
for the installed capacity of renewable energy sources in Spain, broken down by
technology type.
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Figure 23 - Spain, 2010 Progress by Technology (NREAP ES, 2010; MITT, 2010; NCE,
2012)

As we can see, while the overall installed capacity target for 2010 has been met, a
technology type breakdown shows that the targets have only been exceeded for
concentrated solar power and for wind. The targets for hydropower, solar
photovoltaic, and biomass have, however, not been met4.
4.2.4. Slovenia
In this section we compare the actual progress made with the 2010 NREAP targets
for the installed capacity of renewable energy sources in Slovenia, broken down by
technology type.

4

Note that the total of capacity in figure 23 is less than the total installed capacity in figure 20 as
municipal solid waste is not a separate category in Table 10 but counts towards the total.
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Figure 24 - Slovenia, 2010 Progress by Technology (NREAP SI, 2010; PR SI, 2011)

The picture for Slovenia is the most straightforward – the overall target was
exceeded only due to the increase in installed capacity of hydropower. The installed
capacity target for solar photovoltaic was met, while that for biomass was not.
Notably, the target for wind – even though small – was not met and there was no
wind power capacity installed in Slovenia as of 2010.

4.3. Progress Made in 2011
In this section, we compare the actual progress made in the three member states of
interest in 2011 with their respective NREAP trajectories. As in the previous section,
we begin by taking a look at the overall situation, for both installed capacity and
electricity production. We then look in more detail at the progress made in installed
capacity for each technology type in each country.
4.3.1. Overall Progress
The situation in 2011 was a bit different than in 2010. While Germany and Slovenia
exceeded their 2011 NREAP targets for both overall installed capacity of, and
electricity production from, renewable energy sources, Spain did not meet either
target, as we can see in the figures below.
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Figure 25 - Germany, 2011 Progress (NREAP DE, 2010; PR DE, 2011; BMU, 2012)

Figure 26 - Spain, 2011 Progress5 (NREAP ES, 2010; NCE, 2012)

5

Data was missing for hydropower (both capacity and production). We assume installed capacity for
hydropower was (at least) the same as in 2010. As 2010 production data was not normalized
according to NREAP methodology, we cannot do the same, and omit hydropower from overall
electricity production (NREAP and actual situation).
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Figure 27 – Slovenia, 2011 Progress6 (NREAP SI, 2010; EA RS, 2012)

When comparing Spain’s actual situation with that of the NREAP, it must be taken
into account that data was unavailable for hydropower; it is entirely possible that
installed capacity in 2011 increased enough to meet the overall target and, in turn,
that the overall target for electricity production was also met. However, given that
Spain did not reach its 2010 installed capacity target for hydropower, this is not very
likely.
We may note the degree to which the 2011 targets were exceeded by Germany and
Slovenia. With regard to installed capacity, Germany exceeded its 2011 NREAP
target by 8.1%, and Slovenia exceeded its 2011 target by 18.8%. Looking at
electricity production from renewable energy sources, Germany has exceeded its
2011 target by 5%7, while Slovenia exceeded its 2011 target by 2.6%8.

6

Data was unavailable for hydropower production. However, as 2010 production was normalized
according to NREAP methodology, we assume electricity production from hydropower was (at least)
the same as in 2010.
7

Note that as the data used was not normalized according to NREAP methodology, a direct
comparison between actual and target production is not possible.
8

Note that as data on hydropower production was missing and we assumed that it was (at least)
equal to the 2010 figure (which was normalized according to NREAP methodology), this may be an
underestimate.
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4.3.2. Germany
In this section we compare the actual progress made with the 2010 NREAP targets
for the installed capacity of renewable energy sources in Germany, broken down by
technology type.

Figure 28 - Germany, 2011 Progress by Technology9 (NREAP DE, 2010; PR DE, 2011;
BMU, 2012)

We see from the above that while some technology types exceeded their 2011
NREAP targets for installed capacity, others did not. Thus, installed capacity of
hydropower, solar photovoltaic, and biomass energy exceeded the targets, while
installed capacity of geothermal and wind energy fell short. What has been observed
in 2010 has continued in 2011.
4.3.3. Spain
In this section we compare the actual progress made with the 2010 NREAP targets
for the installed capacity of renewable energy sources in Germany, broken down by
technology type.

9

Note that available data for wind was not separated into on‐ and off‐shore, so only an aggregate
comparison is possible.
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Figure 29 - Spain, 2011 Progress by Technology10 (NREAP ES, 2010; NCE, 2012)

For Spain, we see that the (likely) failure to have reached its overall 2011 targets
was due to not a single type of renewable energy technology having reached its
2011 installed capacity targets. As the data is from the NCE dataset, which covers
‘Special Regime’ installations only, it is entirely possible that the actual installed
capacity is higher than what is noted in the figure above. However, this seems
unlikely11 given that the entire purpose of implementing a feed-in tariff system is to
promote renewable energy sources which would otherwise be uncompetitive.
4.3.4. Slovenia
In this section we compare the actual progress made with the 2010 NREAP targets
for the installed capacity of renewable energy sources in Slovenia, broken down by
technology type.

10

The hydropower figure is from 2010, as no accurate data was available for 2011.

11

Except in the case of large hydropower, which is not covered by the ‘Special Regime’.
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Figure 30 - Slovenia, 2011 Progress by Technology (NREAP SI, 2010; EA RS, 2012)

As in 2010, installed capacity for hydropower exceeded the NREAP target in 2011,
while installed capacity for biomass energy did not reach the target. More important,
however, are the installed capacities of wind energy and solar photovoltaic. Thus,
Slovenia in 2011 still had no wind power capacity installed, despite the relatively low
target set in the NREAP. The increase in installed capacity of solar photovoltaic,
however, is striking – capacity more than tripled in 2011.

4.4. Developments in 2012
In this section, we take a look at the more recent developments in the three Member
States of interest. We do so quantitatively, by looking at new installed capacity in
2012 so far 12 , as well as qualitatively, by noting developments in the legal
frameworks and/or the levels of the feed-in tariffs available.
4.4.1. Progress in Installed Capacity
We compare the additional installed capacity in 2012 so far with the additional
capacity in 2012 according to the NREAP indicative trajectory. Preliminary data on
2012 was available only for Spain and Slovenia, so Germany will not be considered
in this section.

12

At the time of writing; this would be until April 2012.
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Spain
Provisional data for Spain was available in the NCE data set, for the 1st quarter of
2012. The additional installed capacity in 2012 so far, and how it compares to the
increase in the NREAP, is given in table 11 below.
Technology

2012 Total Capacity
Increase (NREAP)

2012
Capacity
Increase (Actual)

%
of
Projected
Increase Achieved

Solar Photovoltaic

423 MW

7 MW

1.6

Concentrated Solar

649 MW

150 MW

23.1

Wind (Onshore)

1700 MW

278 MW

16.4

Table 11 – Spain, 2012 Progress (NREAP ES, 2010; NCE, 2012)

Progress in the 1st quarter of 2012 in Spain has been quite good for concentrated
solar. Wind, while progressing slower, is not too bad either. The capacity increase in
solar photovoltaic has been however very low. Again, the figures may be
underestimated, given that the NCE dataset covers only ‘Special Regime’
installations, but this is unlikely. However, the figures in table 2 are disappointing,
especially when one considers that Spain likely did not reach its 2011 NREAP
targets. In order to catch up with its NREAP indicative trajectory targets, Spain
would require higher increases in installed capacity than those mentioned above –
the progress, therefore, is correspondingly lower.
At the same time, the results must be interpreted with the suspension of feed-in tariff
eligibility for new installations that occurred in early 2012 (see 4.4.2.2.); thus, any
capacity installed after the suspension of the feed-in tariff system are excluded from
the data.
Slovenia
Data for Slovenia was obtained from the Register of Declarations, up to the 30th
April 2012 (EA RS, 2012). The additional installed capacity in 2012 so far, and how
it compares to the increase in the NREAP, is given in table 12 below.
Technology

2012 Total Capacity
Increase (NREAP)

2012
Capacity
Increase (Actual)

%
of
Projected
Increase Achieved

Hydropower

0 MW

52 MW

N/A

Solar Photovoltaic

5 MW

47 MW

840%

Wind (Onshore)

0 MW

0 MW

N/A

Table 12 - Slovenia, 2012 Progress (NREAP SI, 2010; EA RS, 2012)

Progress in Slovenia up to April 2012 has been interesting and deserves a bit more
comment. Thus, the NREAP indicative trajectory did not include any increase in
hydropower capacity, while in reality, there was a big increase. However, as the
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data in the Register of Declarations deals only with installed capacity participating in
the feed-in tariff system, it is possible that this was not new hydropower capacity (as
in newly built) but that some existing hydropower capacity began to participate in the
feed-in tariff system. The NREAP indicative trajectory also did not include any
increase in wind capacity in 2012, but it must be noted that there has still not been
any progress to reaching the target of 2MW installed capacity, set for 2010 in the
NREAP. Finally, the increase in solar photovoltaic capacity is striking, as by April
2012, the additional installed capacity was already higher than the additional
installed capacity in all of 2011, and of course, much higher than the overall 2012
capacity increases according to the NREAP.
4.4.2. Other Developments
In this section we note other recent developments in 2012 related to the feed-in tariff
systems in the member states of interest.
Germany
A February 2012 report announced another revision of the Renewable Energy Act
(BMU/BMWi, 2012-a). The planned revisions include one-time tariff cuts for solar
photovoltaic, depending on installation size, and increases in the frequency of
degressions to a monthly basis (BMU/BMWi, 2012-b). Additionally, a yearly cap is to
be placed on new installed capacities for solar photovoltaic, decreasing each year
from 2014 onwards (BMU/BMWi, 2012-b). However, in May 2012, the proposed
revisions were rejected by the Bundesrat, citing, amongst other reasons, that the
revisions would undermine national renewable energy goals and undermine
investment security (Bundesrat, 2012).
Spain
The situation in Spain in 2012, from the point of view of reaching the NREAP targets
for electricity from renewable energy sources, has developed in a very negative
direction. The main reason for this is Royal Decree 1/2012 from January 2012 (RD,
2012). The Decree notes that the combination of a significant drop in demand in
2010 as well as favorable weather conditions that lead to more production by
renewables than expected has led to higher-than-expected costs through the feed-in
tariff system (RD, 2012). Additionally, it states that current installed capacity is
enough to cover demand in the upcoming years (RD, 2012). Citing austerity
measures and the need to resolve the threat (via feed-in tariffs) to the economic
sustainability of the electric system, the Decree suspends feed-in tariffs and
economic incentives for all new installations (RD, 2012). A report by the National
Commission on Energy from March recommends that the suspension last until 2017
(ENDS Europe, 2012).
Slovenia
Unlike Germany and Spain, there were no major developments (or neardevelopments) in the legal framework behind the feed-in tariff system in the
beginning of 2012. There were however developments regarding wind energy;
construction of the first wind turbine began and is expected to be completed by the
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middle of the year, with 24 others to follow in what should become Slovenia’s first
wind park, and with other wind parks in the planning stages (Ozebek, 2012).

4.5. The Effectiveness of Feed-in Tariffs
In this section, we evaluate the feed-in tariffs of the member states of interest. We
do so on the basis of the ‘Policy Effectiveness Indicator’ developed in the framework
of the RE-Shaping project (see 2.6.2.), where the effectiveness of a policy in year N
is defined as the increase in capacity for that technology in year N relative to the
remaining potential to be achieved in 2020. We then compare them to their 2010
values as found in the RE-Shaping Report (Steinhilber et al., 2011); however, due to
data availability, the analysis is limited to feed-in tariffs for solar energy.
Germany
For Germany, we evaluate only the effectiveness of the feed-in tariffs for geothermal
energy and solar photovoltaic. The effectiveness of feed-in tariffs for hydropower
cannot be evaluated, as effectiveness is measured relative to 2020, and Germany
exceeded its 2020 target in 2010 already. Feed-in tariffs are different for on- and
off-shore wind, but available wind energy data was aggregated; therefore wind tariffs
cannot be evaluated. The effectiveness of the respective tariffs is given in table 13
below.
TARIFF

Solar Photovoltaic

EFFECTIVENESS
2010

2011

36%

25%

Table 13 - Germany, Tariff Effectiveness 2010-2011 (Steinhilber et al., 2011; own
elaboration)

The policy effectiveness of the feed-in tariff for solar photovoltaic in Germany has
decreased from 2010 to 2011.
Spain
For Spain, we only evaluate the effectiveness of the feed-in tariffs for solar
photovoltaic and concentrated solar energy. The effectiveness of feed-in tariffs for
hydropower cannot be evaluated, as the figures in the NCE dataset refer to different
capacity sizes than the NREAP targets. Similarly, wind power tariffs cannot be
evaluated as the data available is not normalized according to NREAP methodology
and therefore cannot be appropriately compared to the NREAP target. The
effectiveness of the respective tariffs is given in table 14 below.
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TARIFF

EFFECTIVENESS
2010

2011

Solar Photovoltaic

2%

2.8%

Concentrated Solar

N/A

7.4%

Table 14 - Spain, Tariff Effectiveness 2010-2011 (Steinhilber et al., 2011; own
elaboration)

The policy effectiveness of the feed-in tariff for solar photovoltaic in Spain has
increased somewhat from 2010 to 2011. While no yearly comparison can be made
for concentrated solar tariffs, its effectiveness in 2011 was higher than that for solar
photovoltaic tariffs.
Slovenia
For Slovenia, we only evaluate the effectiveness of the feed-in tariffs for solar
photovoltaic and wind. Accurate data for 2011 hydropower production was
unavailable, so feed-in tariffs for hydropower cannot be evaluated. Wind power
capacity in 2011 was zero, so no evaluation is necessary; the feed-in tariff has an
effectiveness of zero.
TARIFF

Solar Photovoltaic

EFFECTIVENESS
2010

2011

3%

34.9%

Table 15 - Slovenia, Tariff Effectiveness 2010-2011 (Steinhilber et al., 2011; own
elaboration)

The policy effectiveness of the feed-in tariff for solar photovoltaic in Slovenia has
seen a large increase from 2010 to 2011.
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5. DISCUSSION
Having presented our results, it is now time to discuss their impact and answer our
research questions.

5.1. Research Question 1
Is there a point in the NREAP indicative trajectories at which the benefits from
emissions avoided due to the feed-in tariffs exceed the additional costs imposed on
society by the feed-in tariffs? And, if so, for which technology types and under which
assumptions regarding the social cost of carbon?
In 4.1., we conducted a cost-benefit analysis of the feed-in tariffs and the NREAP
indicative trajectories, where the costs were defined as the additional costs imposed
on society by the use of feed-in tariffs and the benefits were defined as the value of
damages from the emissions of carbon dioxide avoided. We applied the feed-in
tariffs in ranges from minimum to maximum, and compared these to the value of
damages prevented by reducing emissions, using four different estimates of the
social cost of carbon: a lower benchmark minimum, the maximum price from the EU
ETS, an EU-income weighted estimate, and the estimate used in the Stern Review.
The accuracy of our results varies – for example, avoidance factors used had been
derived for Germany, so that the results for Germany are more realistic than those
for Spain and Slovenia – but, given the number of assumptions used (see 3.), it is
clear that the results should be taken as illustrative.
Regardless, we arrived at some interesting conclusions. For some technologies and
certain estimates of the social cost of carbon, the benefits from emissions avoided
exceed the minimum of the potential cost range, which means that depending on the
actual distribution of the feed-in tariffs applied, it is theoretically possible (if not
plausible) that the feed-in tariffs pay for themselves as the damages avoided by their
implementation exceed the cost of their implementation. This should, however, be
taken only as an illustration of the theoretical possibility thereof, and not as evidence
of it being true.
Looking at the illustrative results in more detail, we may make a few comments. It is
not too surprising that the benefits of emissions avoided exceed the minimum of the
potential cost curve in some situations when using the highest of the social cost of
carbon estimates used, the estimate from the Stern Review. Under this estimate, the
benefits of emissions avoided exceeded the minimum of the potential cost range for
each technology type in each member state of interest, except for solar photovoltaic
(in any member state) and geothermal energy (in Germany). It is interesting that in
some situations, the EU-income weighted estimate also exceeds the minimum of the
potential cost range. This was the case for hydropower in each member state of
interest as well as for wind power in Spain. Notably, the benefits from emissions
avoided using the Stern Review estimate for wind power in Spain also come close to
the maximum of the potential cost range.
It is interesting that in some situations, the EU-income weighted estimate also
exceeds the minimum of the potential cost range. This was the case for hydropower
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in each member state of interest as well as for wind power in Spain. In one case,
the benefits of emissions avoided exceeded the minimum of the potential cost curve
even for the social cost of carbon estimate based on the EU ETS maximum price.
This was the case for hydropower in Spain.
However, the benefits of emissions avoided using the lower benchmark estimate
suggested by Downing et al. were below the minimum of the potential cost range for
every technology in every member state of interest. Furthermore, the additional
costs imposed on society by feed-in tariffs for solar photovoltaic are, in each
member state of interest, markedly higher than the benefits, regardless of the social
cost of carbon estimate used. However, the trend of the potential costs in Germany
shows that although the overall costs increase, the pace of increase is diminishing,
while the benefits from the emissions avoided are increasing linearly, somewhat
approximating our discussion in 2.8. However, the difference between the costs and
benefits, is sufficiently large that the benefits will not outweigh the costs, except in
the long-term when support from feed-in tariffs is no longer necessary.

5.2. Research Question 2
How have the Member States of interest progressed in reaching the targets for
electricity from renewable energy sources as stated in their respective NREAP
indicative trajectories? What other developments are significant?
In 4.2 to 4.4, we looked at the progress made in the Member States of interest in
2010, 2011, and 2012, and discovered that there were some important differences.
We begin by commenting on the reporting requirements. Member States are to
submit progress reports to inform the European Commission on their progress every
two years, starting with 2011 (DIR 2009/28/EC). However, not all countries have in
fact submitted their 2011 reports; the data provided by the European Commission
(EC, 2011) contains only 16 progress reports. With regard to the Member States of
interest, Germany and Slovenia submitted a progress report, while Spain did not.
The overall progress – in terms of aggregate installed capacity of, and electricity
produced by, renewable energy sources – of the three Member States differed from
one year to the next. While in 2010, all three Member States of interest met and
exceeded their NREAP targets, in 2011 only Germany and Slovenia met and
exceeded their NREAP targets, although we cannot be absolutely certain for Spain
due to data issues. With preliminary data available for Spain and Slovenia for 2012,
we can note that progress so far has been slow for Spain and rapid for Slovenia.
Combining additional capacity installed in 2012 with the total installed capacity for
Slovenia, it appears that Slovenia has already exceeded its 2017 NREAP installed
capacity target.
When looking at the progress made broken down by each technology type, however,
it is evident that progress has not been equally distributed among all renewable
energy sources. This is the case in all three Member States.
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In Germany, the technologies that exceeded their NREAP targets in both 2010 and
2011 were hydropower, solar photovoltaic, and biomass, while geothermal energy
and wind power lagged behind.
In Spain in 2010, concentrated solar and wind power exceeded their NREAP targets,
while other forms lagged behind; the picture is less clear for 2011, for reasons
stated above, but progress was likely lower than the NREAP indicative trajectory.
Progress made in the 1st quarter of 2012 was likewise slow, although given the
suspension of feed-in tariffs for new installations, this is not surprising.
In Slovenia in 2010, only hydropower exceeded its target, while the target for solar
photovoltaic was met; wind and biomass fell short of reaching their targets. In 2011,
the situation was similar – the hydropower target was exceeded, wind and biomass
targets were not – with one crucial difference: solar photovoltaic. The installed
capacity in 2011 for solar photovoltaic more than tripled; a possible explanation is
that, unlike Germany and Spain, which have had more developed systems of feed-in
tariffs for longer, Slovenia’s feed-in tariff structure was not as well-developed prior to
2009. This is suggested by the Slovenian Public Agency for Energy with reference
to the high growth in solar installations in 2010 (EA RS, 2011), and it is reasonable
to assume that this also explains the high growth in 2011. Finally, the first few
months of 2012 saw even faster growth in the installed capacity of solar photovoltaic
installations in Slovenia, possibly for the same reason. Notably, there is still no
installed wind power capacity in Slovenia, although one turbine is under construction.
The legislative framework for electricity from renewable energy sources, including
feed-in tariff systems, was changed to different degrees in all three member states
in the 2010-2012 period, to different degrees. To a certain extent, these
developments confirm the danger identified in the literature, whereby “if FITs are set
to high, there is likely to be a political backlash that could abruptly halt the entire FIT
approach” (Lesser and Su, 2008). However, this danger is magnified depending on
the funding of the tariff system, as Germany and Slovenia, both funding the tariffs
through electricity prices, have both made cuts to their tariffs, while Spain, which
funded its tariffs through electricity prices and tax revenue, has suspended its feedin tariffs.
More specifically, in Germany, new measures that have been put in place since the
NREAP include a 5 billion program for the promotion of offshore wind farms, in place
since 2011 (PR DE, 2011). Importantly, several amendments were made to the
Renewable Energy Act in 2011. First, a feed-in premium system was implemented
alongside the existing fixed feed-in tariff system. Second, major revisions were
made to the Renewable Energy Act that came into effect in 2012, including a
lowering of tariff levels and a simplification in the structure of the tariffs for some
technology types. A yearly installed capacity quota for solar photovoltaic was also
introduced, whereby the yearly degressions vary depending on how much of the
quota is fulfilled. In early 2012, additional revisions to the Renewable Energy Act
were announced, again to do with solar photovoltaic, their tariff levels, the yearly
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capacity quota, and the frequency of degression revisions, although as of May 2012,
the revisions had been rejected by the Bundestag.
Spanish legislation already had yearly installed capacity quotas set prior to 2010,
but other changes to the legislative framework followed in 2010. Thus, Royal Decree
1565/2010 lowered solar photovoltaic tariff levels and reduced the tariff payment
duration from 30 to 25 years after installation, while Royal Decree 1614/2010 cut
premium tariffs for wind, restricted premium tariffs for concentrated solar for the first
year after installation, and set limits to the number of hours per year that wind power
and concentrated solar installations can receive support (Held et al., 2010). The
most important legislative change that has occurred in Spain since 2010, however,
is without doubt Royal Decree 1/2012, which suspends feed-in tariffs – be they
premium or fixed – for all new installations. While it is meant as a temporary
measure, the Spanish feed-in tariff system was already in 2010 perceived as
unstable due to frequent revisions (EREC, 2011), and the suspension of the feed-in
tariff system does nothing to help that perception. Even when –if at all – the
suspension is lifted, it will be hard to restore confidence in the feed-in tariff system.
At the same time, this development further supports the warning found in the
literature against funding feed-in tariffs from tax revenue, which is more susceptible
to political events (Couture & Gagnon, 2010).
The Slovenian legislative framework also changed in the 2010-2012 period,
although less than those of Germany and Spain. Some administrative procedures
had been simplified and some of the tariff levels were adjusted; additionally, a 2011
amendment to the Energy Law put in place an annual installed capacity quota for
solar photovoltaic of 55MW, with changing degressions depending on fulfillment.
We may also comment on what the actual developments mean with regard to the
costs and benefits of the feed-in tariff systems in place. Under the theoretical
assumption that the benefits of emissions avoided follow the social cost of carbon
from the Stern Review or the EU-income weighted estimate we have used, the
minimum of the potential cost range is exceeded for hydropower and for wind,
assuming that NREAP trajectories are followed. For solar photovoltaic, the benefits
do not come close to reaching the minimum of the potential cost range, regardless
of member state or estimate of the social cost of carbon. The actual progress made
by the member states of interest that have exceeded their NREAP targets in the
period studied - Germany and Slovenia - show that exceeding the targets was done
on the basis of developments in hydropower and solar photovoltaic (and, in the case
of Germany, biomass). The benefits from supporting hydropower exceed the
minimum of the potential cost range under the Stern Review and EU-income
weighted social cost of carbon estimates, so it is theoretically possible that the
benefits due to feed-in tariffs exceed their costs (if the actual distribution of feed-in
tariffs paid is near the lower end of the potential cost range). However, the additional
costs of feed-in tariffs for solar photovoltaic are far higher than the benefits, and as
solar photovoltaic has exceeded the NREAP targets, there is more installed capacity
at an earlier point of time when tariffs are higher, leading to overall higher costs.
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This is even truer for Slovenia, where installed capacity of solar photovoltaic has
experienced very rapid growth, having already exceeded the NREAP target for 2018.
Furthermore, we may comment on the effectiveness of the feed-in tariffs and how
these have changed. Here, we refer to the effectiveness indicator as used by the
RE-Shaping project. Comparing the effectiveness indicators for 2010 for solar
photovoltaic with the effectiveness indicators for 2011 (see 4.5), we note that the
indicators have decreased for Germany, while they have increased for Slovenia and
Spain. This result seems paradoxical – particularly the increase for Spain, given the
perception of instability already present in 2010. However, it can be explained. The
effectiveness of a support policy for the promotion of renewable energy sources
should be affected by two factors: its remuneration levels and its (perceived) stability.
Thus, higher remuneration levels would lead to higher policy effectiveness, while a
policy perceived as stable should also lead to higher policy effectiveness. The
decrease in Germany’s policy effectiveness of feed-in tariffs for solar photovoltaic
can be explained by a decrease in both remuneration levels as well as a decrease in
perception of its stability, given the revisions and amendments made in 2011. The
increase in Slovenia’s policy effectiveness of feed-in tariffs for solar photovoltaic can
be explained by noting that 2010 was the first full year of the new feed-in tariff
system’s operation (EA RS, 2011), and that by 2011, it was perceived as stable,
which lead to more new installed capacity despite somewhat lower tariff levels;
furthermore, the amendment to the Energy Law implementing the annual capacity
quota only came into force towards the end of the year. The increase in Spain’s
policy effectiveness of feed-in tariffs for solar photovoltaic can be explained as well.
Although, as mentioned, the system was perceived as unstable, the remuneration
levels were high compared to the minimum to average generation costs (see 2.6.2.);
the amendments in 2010 lowered tariff levels and also shortened the period for
which the initial tariff was to be paid, which may have led to more capacity to be
installed in 2011 in order to benefit from the still higher tariffs before they were going
to be cut yet again (a reasonable expectation, given the perceived instability). The
same effect may be at work in Slovenia in 2012; the implementation of yearly quotas
on which degressions depend may have induced a rush among individual investors
to ensure that they were the first and would benefit from the higher remuneration
levels, before the quota was reached.

5.3. Research Question 3
What are the implications of the progress made, and the developments that have
occurred, in the 2010-2012 period with regard to reaching the NREAP targets for
2020?
Based on the progress observed in the three member states of interest in the period
of 2010-2012, we can make some claims about whether they will reach their 2020
NREAP targets for electricity produced from renewable energy sources. However,
we do so with caution, as the period studied is rather short.
For Germany, it looks very likely that the 2020 NREAP targets for electricity from
renewable energy sources will be met. Despite some loss of perceived stability in
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the feed-in tariff system, developments have been largely positive. The NREAP
targets have been exceeded in both 2010 and 2011, and although this was achieved
by exceeding the targets for some technologies while not meeting the targets for
others, the technology-specific targets that were not met were not missed by much
(with the exception of geothermal energy). The introduction of a premium feed-in
tariff will also contribute to better market integration of renewable energy sources.
Although future revisions to the feed-in tariff system – e.g. higher degressions – are
likely, given one attempt to do so in 2012 already, it still seems that Germany is well
on track to meeting its 2020 targets, and could even exceed them.
If we look at the alternative 2020 projections for Germany in the EU Industry
Roadmap Report (see 2.6.1.1) they are higher than the NREAP targets for most
technology types. The main issue is solar photovoltaic, for which the EU Industry
Roadmap Report projections are lower than those in the NREAP yet the capacity of
which has exceeded the NREAP targets in 2010 and 2011. Exceeding its NREAP
targets so far therefore means that the costs of achieving the 2020 targets will be
higher than in a situation where the NREAP indicative trajectory would have been
followed more precisely – but it also means that the shares achieved in 2020 could
be closer to the higher EU Industry Roadmap Report projections. Furthermore,
given Germany’s abandonment of nuclear energy following the Fukushima disaster
(ENDS Europe, 2011), higher deployment of renewable energies may be necessary,
even if the costs are higher than expected.
For Spain, recent experience points to a qualified ‘no’ for meeting its 2020 NREAP
targets for electricity from renewable energy sources. While the 2010 targets were
exceeded, recent data available for 2011 suggests that the 2011 targets were not
met; additionally, progress in 2012 has also been slow. Critically, the suspension of
feed-in tariffs for new installations, following Royal Decree 1/2012, will certainly
make it far less likely that the 2020 targets will be attained. Already in 2010, the
future stability of the feed-in tariff system was in question; even when/if the
suspension is lifted, it is doubtful that there will be much confidence in the restored
(and probably revised) system. Among the reasons for the suspension is the claim
that current capacity is enough to meet demand in the coming years; this claim is
based on lower-than-expected demand since 2010, and not on the actual installed
capacity. The strategy resembles a gamble; the binding target for 2020 is expressed
in terms of a percentage share for renewable energy sources in total electricity
production and if demand remains low, then the percentage target can be attained
even if the actual installed capacity and electricity produced is below the absolute
targets. A spike in demand would, of course, easily ruin such a strategy. Finally,
latest recommendations from the National Commission on Energy suggest 2017 as
the year when the suspension is to be lifted (ENDS Europe, 2012); by then, it will be
very likely too late for the feed-in tariff system to help reach the 2020 targets.
There are other questions to consider with regard to Spain. For example, what does
the suspension of the feed-in tariff system mean with regard to the binding nature of
Directive 2009/28/EC? As mentioned, the European Commission can initiate
infringement procedures against member states for a “significant deviation from plan
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or trajectory” (EREC, 2011). The likely non-attainment of 2011 NREAP targets and
the very slow progress in 2012 so far is a deviation from the NREAP trajectory, to be
sure, but it may not be considered ‘significant’. The suspension of the feed-in tariff
system for new installations, however, is without doubt a significant deviation from
the plan. Whether infringement procedures will be initiated or not remains to be seen.
The economic problems Spain has faced since the beginning of the 2008 financial
crisis have only worsened since and austerity measures are being implemented,
which includes the suspension itself. One may doubt whether infringement
procedures, justified as they may be, would change the situation for the better and
whether the European Commission is willing to take such a step.
For Slovenia, developments so far point to a cautious yes. The overall targets for
installed capacity and electricity production have been met in both 2010 and 2011,
mainly due to increases in hydropower and solar photovoltaic capacity. The rapid
growth in solar photovoltaic is both good news and bad news. From the point of view
of reaching the 2020 targets, it is good news, since as of April 2012, installed
capacity had already exceeded the NREAP target for 2018. However, from a cost
point of view, it is bad news; gradual increases, as foreseen in the NREAP, could
have achieved the same installed capacity – and therefore emission reductions – at
a much lower cost. Furthermore, the rapid growth of solar photovoltaic in Slovenia
can only be described as a boom, similar to the experience of the Spain and
Germany in previous years (Steinhilber et al., 2011). The consequence of such a
boom in those countries was unscheduled revisions and rapid tariff cuts and, in the
case of Spain, the suspension of the feed-in tariff system as a whole for new
installations. It is therefore very possible that future developments in Slovenia with
regard to solar photovoltaic tariffs will tend in a similar direction, in the sense of rapid
cuts or stricter capacity limits. Such developments would undermine the stability of
the feed-in tariff system but may be limited to solar photovoltaic, in which case
reaching the 2020 target is not necessarily precluded, given that current installed
capacity has already exceeded the 2018 target. However, as the feed-in tariff
system is funded via the electricity price and not tax revenue as in Spain, a
suspension would be extremely unlikely.
A problem with regard to reaching the 2020 targets, however, is with wind power;
Slovenia has so far no wind power capacity (although the first turbine is being built).
Wind capacity would contribute more to electricity production from renewable energy
sources than solar, particularly when we look at potential identified in the EU
Industry Roadmap report (see 2.6.1.3.), and if more focus was placed on wind
power, the 2020 NREAP targets could easily be exceeded. The problem is not so
much the remuneration level of the feed-in tariff structure, as it is higher than the
minimum to average generation cost (see 2.6.2), but the fact that administrative
procedures require more permits (compared to e.g. solar photovoltaic installations);
opposition from environmental groups is also causing delays in those projects that
have already secured permits (Ozebek, 2012).
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6. CONCLUSION
Increasing the share of renewable energy sources in electricity production requires
support measures, because both the negative externalities of conventional
generation technologies are not taken into account in their price and the positive
externalities of renewable energy technologies are not taken into account in their
price, making renewable energy sources less competitive (or uncompetitive). By
focusing on one positive externality not accounted for in electricity generation from
renewable energy sources – the carbon dioxide emissions avoided by deploying
renewables instead of fossil fuels – we have shown that for some renewable energy
technologies, under some estimates of the social cost of carbon, the minimum of the
potential cost range for the additional costs imposed on society by the use of feed-in
tariffs is exceeded by the value of the damages from carbon dioxide emissions
avoided by increased renewable energy deployment. Thus, theoretically at least, it is
possible that the benefits of the feed-in tariffs in terms of emissions avoided are
larger than the additional costs they impose on society. This is the case for
renewable energy technologies with high avoidance factors and low feed-in tariffs,
and our results show that this is theoretically possible for hydropower and wind for
different estimates of the social cost of carbon, while it is not theoretically possible
for solar photovoltaic regardless of the estimate of the social cost of carbon.
However, the assumptions used and the degree of uncertainty involved in estimating
the social cost of carbon means that these results should be taken as illustrative
only.
With regard to the progress towards reaching the NREAP targets for electricity
produced from renewable energy sources in the 2010-2012 period in Germany,
Spain, and Slovenia, results were mixed. Germany exceeded its targets in 2010 and
2011; Spain exceeded its target in 2010 but likely failed to meet its 2011 target, with
slow progress in 2012 so far; Slovenia exceeded its targets for 2010 and 2011, with
rapid progress in 2012 so far, particularly in solar photovoltaic deployment.
In all three Member States of interest, changes were made in the levels and
structure of the feed-in tariff systems implemented. The main focus thereof was, in
each member state of interest, on solar photovoltaic; Germany and Slovenia both
implemented annual capacity quotas for new installations, while Spain already had
them in place prior to 2010, and all three reduced the levels of support granted to
solar photovoltaic, including unannounced revisions. Germany and Spain
implemented the largest changes to the overall structure of their feed-in tariff
systems, but in opposing directions. Thus, while Germany expanded its feed-in tariff
structure to include a premium-based system, Spain completely suspended its feedin tariff structure for new installations in early 2012. The effects of the changes on
the effectiveness of the feed-in tariff system differed in the three member states in
2011, when compared to the effectiveness in 2010. While data availability limited the
comparison for solar photovoltaic, this is a minor problem given that the feed-in
tariffs for solar photovoltaic are those associated with the highest costs, most
frequent revisions, and most controversy. Thus, the influencing factors for policy
effectiveness – remuneration levels and stability – exerted different effects in the
different member states. A higher remuneration level leads to higher policy
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effectiveness, but the (perceived) stability of the system is more important;
expectations of future reductions, planned and (especially) unplanned, can lead to a
rush to secure higher feed-in tariffs before they are lowered.
With regard to the prospects for reaching the 2020 NREAP targets, the
developments in the Member States of interest so far suggest different prognoses.
Germany is on track to meeting its targets and even exceeding them. Spain will very
likely not meet its targets, given its suspension of support measures for new
installations, and faces the possibility of infringement procedures against it. Of
course, if demand remains low, Spain may still reach its targets, but this is a risky
strategy. Slovenia is on track to meet its targets, but two developments complicate
the situation; the lack of wind power installations, which could contribute significantly
to meeting the targets, and the rapid boom in solar photovoltaic installations, which
as of early 2012 have already exceeded the NREAP indicative trajectory targets for
2018. The latter has been observed in previous years in the other Member States
studied, with the consequences being rather large and unannounced cuts in
remuneration levels and, in the case of Spain, suspension of the entire feed-in tariff
structure.
On a more general level, for Germany and Slovenia, being on track to meeting their
2020 targets, the targets will be met at a higher cost than had the NREAP indicative
trajectory been followed, mainly due to increases in capacity in earlier years when
feed-in tariff levels are higher. Particularly the more rapid than foreseen increase in
solar photovoltaic capacity, associated with the highest feed-in tariff costs, is
problematic.
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B. FEED‐IN TARIFF LEVELS
Germany (NREAP DE, 2010; Held et al., 2010; PR DE; 2011)
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Spain (NREAP ES; 2010; Held et al., 2010)
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Slovenia (NREAP SI, 2010; PR SI; 2011)
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C. ADDITIONAL COSTS IMPOSED ON SOCIETY FROM FEED‐IN TARIFFS
Germany
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Spain
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Spain (continued)
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Slovenia
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D. AVOIDANCE FACTORS FOR CARBON DIOXIDE EMISSIONS
Source: BMU, 2011
Technology

Avoidance Factor (gCO2/kWh)

Hydropower

794

Wind

736

Solar Photovoltaic

679

Biogenic solid fuels

778

Biogenic liquid fuels

602

Biogas

565

Sewage gas

748

Landfill gas

748

Biogenic share of waste 773
Geothermal energy

488
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E. CARBON DIOXIDE EMISSIONS AVOIDED
Germany

90

Spain

91

Slovenia
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F. CONVERSION OF SOCIAL COST OF CARBON ESTIMATES TO EUR2010 VALUES
Bank of England, 2011; ECB Statistical Data Warehouse, 2012; Eurostat, 2012; U.S. Bureau
of Labor Statistics, 2012
Original Value

Inflation (Original Year to Annualized
Bilateral
2010)
Exchange Rate in 2010
(EUR/currency)

USD1995

43%

0.73926

GBP2000

31%

1.1657

EUR2006

8.1%

N/A
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G. BENEFITS FROM EMISSIONS AVOIDED
Germany

94

Germany (continued)

95

Spain

96

Spain (continued)

97

Slovenia

98

Slovenia (continued)
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H. PROGRESS MADE
Germany (PR DE, 2011; BMU, 2012)
Installed Capacity [MW]

2010

2011

Hydro

4395

4401

7.5

7.5

Geothermal
Solar Photovoltaic

17320 24820

Wind (Total)

27191 29075

Wind Onshore

27030

Wind Offshore

180

Biomass
Overall

6664

7179

55580 65483

Electricity Produced [GWh]

2010

2011

23500

19500

3

18.8

Solar Photovoltaic

11683

19000

Wind (Total)

43100

46500

Wind Onshore

42900

Wind Offshore

210

Hydro
Geothermal

Biomass
Overall

33866

36920

112100 121939
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Spain (MITT, 2010; NCE, 2012)
Installed Capacity [MW]
Hydro
Solar PV

2010

16805 16805
3642

4216

682

999

Solar Concentrated
Wind

20203 20766

Biomass
Overall

2011

749

724

42197 42786

Electricity Produced [GWh]
Hydro

2010

2011

42325 N/A

Solar PC

7186

7386

691

1782

43784

41426

3448

3679

Solar Concentrated
Wind
Biomass
Overall

97406 54273 [without hydro]

2012 Capacity Increase
Solar Photovoltaic

7 MW

Solar Concentrated

150 MW

Wind (Onshore)

278 MW
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Slovenia (PR SI, 2011; EA RS, 2012)
Installed Capacity [MW] 2010 2011
Hydro

1254 1255

Solar PV
Wind
Biomass
Overall

12

57

0

0

49

53

1315 1365

Electricity Produced [GWh] 2010 2011
Hydro

4326 N/A

Solar Photovoltaic
Wind
Biomass
Overall

13

57

0

0

222

309

4561 4682

2012 Capacity Increase
Hydropower

52 MW

Solar Photovoltaic

47 MW

Wind (Onshore)

0 MW
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