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Abstract

This paper discusses aspects related to the green technology sector in
Germany. In a first step institutional reforms enabling diffusion of green
technologies are analysed. Cost arguments are also taken into account.
In a second step a theoretical model developed by Tanguay et al. (2004)
is modified in order to evaluate the efficiency of the institutional setting
in a political economy framework. The model is able to show that com-
mand and control policies (CCPs) are accompanied by cost-inefficiencies
depending on the political weight of the green technology sector. Because
actual costs related to the support of green technologies are relatively low,
the theoretical predictions of the model are moderated. Nevertheless, as
additional money will be transferred to the green technology sector dur-
ing the next decades, interest groups will gain additional political power
and the problem of cost inefficiency can therefore become more relevant.
The paper gives important hints whether the CCP system installed in
Germany is the right instrument in order to increase the share of energy
produced with green technologies from 12.5% (in 2010) up to a level of
30% (in 2020).

1 Introduction

The topic discussed in this paper is the political economy of the green technol-
ogy sector in Germany. As the diffusion of green technologies (GTs) is highly

*I gratefully acknowledge helpful comments by Andreas Freytag, Georges Tanguay, Oliver
Kirchkamp, Tina Wolf, Sebastian v. Engelhardt, Hannes Koppel and all participants of the
JER Seminar. I also thank Christina Klose, Gitte Gratzer, Lutz Marker and Nils Laub for research
assistance.
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dependent on the institutional setting, it is important to know which political
targets policymakers attempt to reach with respect to the support of GTs. As
stated in Article 1 (1) of the “Erneuerbare Energieengesetz” (EEG), the EEG is
an act aimed to

“facilitate a sustainable development of energy supply, particularly for the sake of protecting our climate
and the environment, to reduce the costs of energy supply to the national economy, also by incorporating
external long-term effects, to conserve fossil fuels and to promote the further development of technologies
for the generation of electricity from renewable energy sources”.

(EEG 2009)

This shows that different targets play a role concerning the support of renew-
able energies. The overall political target is sustainable development. Sustainable
development includes topics like (1) climate protection as well as the (2) incor-
poration of external long-term effects with respect to energy supply. Additionally
the EEG aims to (3) conserve fossil fuels and is aimed to (4) promote future devel-
opment of technologies. It becomes clear, that it is difficult to discuss the EEG
and the diffusion of GTs separately from these political targets.

(1) implies that all topics related to climate change, like international political
agreements (e. g. the Protocol of Kyoto) have an impact on the future of GTs.
Studies like the so called Stern Review (Stern 2007) therefore have a direct or
indirect impact on the future development of the GTs sector. The aim to al-
low for sustainable development by incorporating long lasting external effects
can be considered as an implicit target to substitute conventional energy in the
long run.! This conclusion can be drawn because conventional energy bears
the risk of costly externalities from a long term perspective. Substitution of
existing technologies (2) is necessary if the aim to become independent from
fossil energy sources is taken serious. Increasing energy prices have direct and
indirect effects on the future development of the GT sector (3). The fourth aim
worth to mention in this context is the promotion of future technologies (4).
This target seems to be the political target outweighing the others, because
goal (2) and (3) cannot be reached without success with goal (4). To achieve
this goal, it seems that policymakers are willing to ignore goal (1), as many
investments were directed into coal power plants as an answer to the nuclear
phaseout decided in 1998.2 The discussion shows that the targets aimed to be
achieved with the EEG are very ambitious. Nevertheless, so far the EEG is
evaluated as a successful policy measure not only by policymakers.

From a political point of view it seems to be clear that the share of energy
produced with GTs will increase. Regarding the diffusion of GTs over time,
it is important to mention that the initiative often comes from the EU. For in-
stance the EU has set the political target that in 2010 the share of renewable
energy production in the internal electricity market shall increase up to a level
of 12.5 % (EU 2001) . The proposal for 2020 is to achieve a share of 20 % (COM
2008). However, countries are free to define targets above the targets agreed
on the European level. The German government aims to achieve a share of

1The notion of conventional energy is used for nuclear energy production as well as for
energy production using fossil energy sources like coal or gas.
2The nuclear phaseout was decided in 1998 under the red-green-coalition.
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30 % of electricity production with GTs in 2020 (EEG 2008).

The aim of this study is to make a contribution to the assessment of the
EEG and the diffusion of GTs. As the current system enabling the supply of
GTs is mainly based on CCP instruments,® it is important to ask the question
weather the current system should be used in order to achieve the political target de-
fined under EEG (2008) (30 % of electricity produced with GTs) or weather it might
be worth to think about an institutional setting which uses market based instruments.
It will be shown theoretically that even though there might be positive effects
related to the EEG according the diffusion of GTs, the support as such turns
out to be inefficient.* With respect to the cost argument this seems to play only
a minor role in the short run. Problems may occur rather in the long run. Be-
cause there is a lot of uncertainty related to the success of GTs and its future
development, it is difficult to make a statement about the overall success of
the CCPs implemented by the German government. Nevertheless, the main
finding of the paper is that for further diffusion of GTs it might be better to
switch from a command and control system to the application of more market
based instruments. Additionally the paper is able to underline the importance
of competition in order to keep costs for the achievement of certain political
targets on low levels.

The outline is structured as follows: In section 2 research contributions
about structural change in the energy sector are presented. Then, a short
overview about different studies with the focus on the political economy of
environmental policy is given. Section 3 describes the underlying institutions
of the EEG and its antecessor the “Stromeinspeisegesetz” (SEG) in more detail.
Section 4 takes a closer look at the diffusion of GTs and the related costs. What
follows in section 5 is a theoretical model based on Tanguay et al. (2004) and
the Economic Theory of Regulation developed by Stigler (1971). The model as-
sesses the EEG from a political economy perspective. In section 6 the different
results of the previous chapters are put together to draw a conclusion.

2 Environmental Policy and Renewable Energies

Many studies deal with the evolution of GTs and how it is possible to manage
structural change towards the development of GTs. This chapter gives a short
overview over the recent literature and discusses some of the results in more
detail.

30ne definition for CCPs is given as follows:“Under a command-and-control approach, gov-
ernment regulators specify the control technology or the maximum levels of pollution [...].
Other approaches, such as market-based incentives or contractual arrangements, allow sources
much more flexibility to take into account variances in costs, production processes, and individ-
ual circumstances relevant to environmental protection goals. ” (Stewart 1993, p. 2057, fn 79).
For further discussion of CCPs compare Ackerman and Stewart (1987).

4The term “efficiency” is used in this context in order to underline the fact that the same
outcome might be achieved with the investment of less resources.
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2.1 Institutional Change

The history of renewable energies is very old. As stated by Serensen (1991),
during a long period of human history, renewable energy was the only energy
option available. The emergence of conventional energy production came up
mainly due to the cost argument. Nowadays, the increase in prices for fossil
energy sources as well as environmental damages are the main reason why
policymakers focus on GTs (Serensen 1991, p. 10). In the context of environ-
mental damages, global warming plays an important role. In 1990, when the
Working Group I of the United Nations Intergovernmental Panel on Climate
Change (IPCC) published an assessment about the scientific evidence of cli-
mate change, more economic research was done to find the adequate policy
reaction. There is an ongoing debate about policy instruments which are able
to reduce CO; emissions (Pearce 1991). The argument of climate change is also
used by policymakers in order to support GTs (EEG 2004, BMU 2008, p. 8).°
What also plays an important role with respect to structural change in the
energy system are theories about resource extraction developed by Hotelling
(1931) or Dasgupta and Heal (1974). Nordhaus (1973) developed a framework
how to manage structural change with investments into so called “backstop
technologies” (technologies able to get independent from non-renewable en-
ergy sources). The pioneering work from Nordhaus (1973) has been developed
further by Chakravorty et al. (1997). The authors distinguish between the ex-
tractions of different resources. The simulation results show that if a shift to-
wards a primary use of solar energy will become possible than the increase
of world temperatures turns out to be less than predicted by the IPCC. Even
though they have focused on the technology of solar energy in their study;,
other “backstop technologies” may also play a role.

Many studies evaluating the diffusion of green technologies are related to
political science. A review about the demand for green power is given by Bird
et al. (2002). The study gives an overview over the demand for contracts on
electricity produced with GTs in countries like Australia, Canada, Japan the
US and several countries in Europe. In some countries the market share of
contracts for green electricity is about 10%. On the global level on average the
market share for such contracts was relatively low and did not exceed a level
of 1%. Factors that can be considered as driving forces for increasing market
share of green electricity contracts are customer education, aggressive market-
ing, price and transparency (e. g. labelling of the products) (Bird et al. 2002,
p- 530).

More common than studies about the demand side are studies focusing on
the supply side. Studies using a supply-side approach in most cases give an
overview over the policy-induced structural change related to GTs and the
driving forces behind it. Jacobsson and Lauber (2008) describe in detail the
development and the factors which have been important to allow the GT sec-
tor to evolve. Their main argument is that the evolution of the GT sector in
Germany was a “battle over institutions” between conventional energy pro-
ducers and the renewable energy sector. The apparent success of feed-in tar-

5This argument is somehow misleading. With the political decision about the nuclear phase-
out in Germany, many investments went into energy plants using carbon as main input factor.



Jena Economic Research Papers 2009 - 024

iffs (FITs) is summarised by Wiistenhagen and Bilharz (2006).° They study the
institutional setting implemented in Germany and develop policy conclusions
determining the likelihood of political support of the GT sector. Agnolucci
(2003) also analyzes factors that can be considered as the main drivers for in-
stitutional change in the energy sector. With respect to the results, financial
sustainability is a decisive factor. Furthermore it is found, that different polit-
ical factors like size and variety of coalitions play a major role. Initiatives on
the implementation of green technologies coming from the EU play a similar
important role (Agnolucci 2003, pp. 148). Droge and Schroder (2005) evalu-
ate whether subsidies to the green sector or taxation of the polluting sectors
are more efficient instruments to turn an industry green. They use simulation
analysis and come to the result that a tax would be the optimal political in-
strument. If the sector polluting the environment is economically important, a
subsidy of the green sector (e.g. the GT sector) is also acceptable.

Most of the studies analyze the success of structural change in the energy
sector from a political perspective deliver important insights into the driving
forces behind this development. From an economic point of view it can be
criticised that efficiency does only play a minor role. The reasons determining
the difference between economic efficiency and the outcome of the political
process can be explained by the political economic theory.

2.2 Political Economy of Environmental Policy

An early work worth to mention in this context was done by Buchanan and
Tullock (1975). The authors compare command and control policies with mar-
ket based instruments in competitive markets. The question is why market
based instruments in most cases are not the first choice of policymakers. The
main reason why policymakers support direct control policies more often is
due to lobbying activities of the regulated industries. The incentive to lobby
against environmental taxes is due to the efficiency related to the penalty tax
(Buchanan and Tullock 1975, p. 140). Redistribution of property rights might
be significant and firms will lobby in favour of abatement subsidies. If firms
compare the penalty tax with results expected from regulation, regulation can
be considered beneficial for a single firm because of reduced competition with
firms who might enter the market. This result also demonstrates the power
of certain interest groups as command and control policies do not increase
the political budget and are therefore relatively unattractive for policymakers.
Kirchgéssner and Schneider (2003) establish their study by discussing the ac-
ceptance of CCP measures. They determine the reasons for this observation
by looking at the different actors who are shaping and influencing the polit-
ical outcome. The interests of four groups of actors are described in detail:
voters, politicians, public bureaucrats and the owners or decision makers of
those industries that shall be regulated. As a result it turns out that beside the
industries which are regulated, the members of the public bureaucracy have a
high interest in CCP measures. The result is mainly based on the fact that CCP

®A feed-in tariff is a “minimum price standard that obliges distribution network operators
to connect [green electricity power plants], to purchase [green electricity] and to pay a fixed
remuneration (Cent per kWh) to the plant operator” (Langnifs et al. 2008, p. 3).

5
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“strengthens [the] [..] personal position [of policymakers] in the environmen-
tal policy game” (Kirchgdssner and Schneider 2003, p. 380). The constitutional
setting of the political process seems to be important for the success of market
based instruments (e. g. taxes or certificates). Decentralised systems tend to
be more close to individual preferences and seem to be more successful in im-
plementing environmental reforms in favour of the public interest. Elements
of direct democracy are instruments that are equally important. What might
also help to implement ecological taxes or tradable permits is to compensate
citizens with general tax reductions. That taxes not always increase the budget
of policymakers is the result of a study of Fredriksson (2001). Taxes may have
the surprising effect of a declining political budget. This is mainly due to the
fact that industries lobby to get abatement subsidies. It is shown theoretically,
that in a dynamic modeling setting, pollution can also increase with a pollu-
tion tax reform. Such a counterintuitive result can occur when interest groups
successfully influence the political outcome in favour of their particular inter-
ests.

How citizens have successfully been winning a political contest against
a monopolistic energy supplier in Germany is described by Graichen et al.
(2001). The authors use a case study to demonstrate that self-organisation of
citizens with respect to energy production can be successful. A theoretical
model shows the determinants necessary for the emergence of the results re-
ported in the study. Thalmann (2004) uses an empirical approach in order to
find the determinants behind the failure to implement an ecological tax reform
in Switzerland. As one of the results it turns out that the awareness of the ex-
pected social benefits of ecological tax reforms are important. The failure of the
referendum is mainly explained by misunderstanding the expected benefits.
The influence of different environmental systems on environmental regula-
tion has been analyzed by Fredriksson and Wollscheid (2007). Contrary to the
suggestion of the literature, they did not find support for the hypothesis that
democratic systems positively affect environmental stringency. Environmental
policies set by democracies therefore are not significantly different from those
of autocratic systems. Their findings are based on an empirical cross country
analysis including 163 countries. Fredriksson et al. (2007) use an empirical ap-
proach to determine whether corruption hinders or facilitates environmental
lobbying. The panel they use includes 170 countries. They found out that an
increase in environmental lobbying had a significant impact on the probability
for the ratification of the Kyoto Protocol. The positive impact they found was
additionally positively correlated with the degree of corruption within coun-
tries. Tanguay et al. (2004) use an extended theoretical approach of Stigler’s
theory about public interest in the context of environmental regulation.” The

"The approach proposed by Stigler was criticised by Posner (1974) because of the need for
formalization of the model. A first formalization was made by Peltzman (1976). Therefore in
the literature the Stigler model is often called Stigler-Peltzman-Model.
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empirical study supports the view that with respect to environmental regu-
lation interest groups have an influence on the political outcomes and distort
optimal results.

The main findings so far can be summarised as follows: First, several stud-
ies assess the determinants of structural change towards a more environmental
oriented policy and the support for the GT sector. The review of recent pub-
lic choice literature has shown that beside the “desirability” of environmental
policy, the political process has some shortcomings leading to different results
as initially intended. The following section introduces the institutional frame-
work enabling energy production by GTs in Germany.

3 Institutional framework

The diffusion of renewable energies in Germany as well as in other countries
depends on the institutional setting implemented by the government. Even
though the development of GTs already began in the seventies,® the expansion
of the technology was restricted. This was mainly due to the political energy
strategy. The main focus was on conventional technologies and markets were
monopolistic (Toke and Lauber 2007, p. 683). In this section two important
institutional changes enabling innovation and diffusion of renewable energies
are analyzed. The first important institutional change was the Stromeinspeisege-
setz (SEG), the second the Erneuerbare Energiengesetz (EEG). In the following the
two institutional arrangements are discussed in more detail.

3.1 Stromeinspeisegesetz (SEG)

The SEG entered into law in January 1991 (Toke and Lauber 2007, p. 683). It
was a simple feed-in mechanism with a guaranteed price for electricity that
was fed into the electricity network based on a certain percentage of the aver-
age “market price” for conventional energy. The feed-in tariff lay in between
75 % (for WATER and BIO), and 90 % (for SOLAR and WIND) of the market
price. As the market for electricity was monopolistic, the SEG can be con-
sidered as a first small step allowing for decentralised energy production and
implemented some kind of subtle competition.!’ Due to the still outstand-
ing liberalisation of the market, the electricity prices were relatively high and
stable (Mitchell et al. 2006, p. 298). Therefore, the SEG already allowed espe-
cially the wind energy sector to enter into the market and to produce a cer-
tain percentage of the total electricity supply. The share of renewable energies
increased at a relatively constant rate from year to year (this will further be
evaluated in section 4). From the point of view that the SEG allowed for some
decentralisation of the energy market and implemented some competition, it
can be considered as a success. With respect to the monetary transfer, it seems

8 As a reaction to the oil crises (Wiistenhagen and Bilharz 2006, p. 1682).
9This was done by the coalition government of the Christian Democrats and the Liberal
Party.
10Competition has a lot of desirable elements. For a more fundamental discussion about com-
petition and economic policy compare Eucken (1965, 1990).
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to be clear that the diffusion of GTs was very limited. Especially cost intensive
technologies such as photovoltaics were not able to diffuse with high growth
rates. For the progression from the SEG to the EEG, the liberalisation of the
electricity market in 1998 plays a notable role. Based on the liberalisation (at
least in the short run), the prices for electricity decreased and so did the mon-
etary support transferred to GTs.!! It can be argued that this was one of the
reasons why the implementation of the EEG — which will be introduced in a
next step — became necessary (Mitchell et al. 2006, p. 298).

3.2 Erneuerbare Energieengesetz (EEG)

The argument that the motivation for the EEG was the liberalisation of the en-
ergy market cannot be considered as a satisfactory explanation. The main rea-
son for this is given by the fact that political aspects also play an important role.
As the green party became part of the federal government in 1998 for the first
time, a fundamental reform with regard to energy production was decided.!?
There was political interest to support the expansion of the GT sector.!®> The
EEG has many elements often described as CCPs,'* and was installed at the
tirst of April 2000. There are notable studies which compare the EEG with the
British Renewable Obligation (RO). The RO is more market oriented. It was
the political aim in Britain to allow for “maximum competition” in order to
make the system as efficient as possible (Toke and Lauber 2007, p. 681). What
is quite surprising in this context is the fact that many studies come to the re-
sult that the EEG is more efficient than the British RO system (Mitchell et al.
2006, Toke and Lauber 2007, Butler and Neuhoff 2007).15

The EEG has been criticised by economists because of its CCP elements.
Three factors related to CCPs are important and therefore discussed in more
detail. First, it can be seen as a problem that policymakers select ex ante certain
technologies they consider to be worth getting monetary support for energy
production.16 Second, as it will turn out in section 5.3, the price paid for each

n the following the word subsidy is avoided to describe the monetary transfer to the GT sec-
tor. Instead subsidy the word support is used as a subsidy directly reduces the political budget.
Because in the case of GTs the monetary transfer does not have direct impact on the federal
budget, the welfare effects can only be simulated by using a general equilibrium approach.
Therefore the notation support (shifting rents to the GT sector) seems to fit better in the case of
this model.

12The decision was to substitute nuclear energy with other sources of energy supply.

13This is mainly due to the fact that the green party has its roots in the opposition against
conventional energy supply (Wiistenhagen and Bilharz 2006, p. 1682).

4This means that under the EEG certain technologies are selected ex ante. In order to al-
low diffusion of different technologies, feed-in tariffs have to be set on on different levels and
therefore implies discrimination between different technologies.

150One of the main advantages of the British RO system is related to the fact that it is non-
technology specific, meaning that it is not attempting to pick winners (Mitchell et al. 2006,
p- 299). Energy suppliers are forced to buy a certain percentage of renewable obligation certifi-
cates (ROCs, 1 ROC=1MWh). ROCs are tradable and can be bought directly from the GT sup-
plier or other suppliers. One of the main criticisms of the RO system is the uncertainty about
future prices for ROCs and electricity. Therefore a high risk premium increases the price for
energy produced by GTs (Toke and Lauber 2007, p. 682).

16The ex ante decision about the monetary support for a certain technology bears the potential
threat that the most efficient technology in economic terms is not supported. This is related to
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unit of energy produced by a certain technology will very likely not be opti-
mal. Third, policy can use the support of GTs in order to strategically foster
certain technologies.!” From this perspective, there might be certain strategic
reasons why the monetary support a certain technology receives is set on a
higher level than optimal in economic terms.The EEG is constructed in a way
that requires electricity network operators to:

e connect GTs to the network;
e accept the entire electrical output produced by GTs;

e remunerate the producers of “green” electricity at the pre-determined
rate for each KWh electricity produced.!® The remuneration is foreseen
to decrease slightly over time and is guaranteed for 20 years.

With respect to growth in the GT sector, it has to be mentioned that the EEG
does not put any upper capacity limits for the diffusion of the technology. The
following formula summarises the remuneration of electricity under the EEG:

FIT; = pri(1—d;)°" " +kj. (3.1)

Specific remuneration per kilowatt-hour is denoted by FIT j, t represents the
actual year of remuneration and T is the base year when the EEG was estab-
lished. The starting year of operation is characterized by v, the technology
sector (SOLAR, WIND, ...) is indicated with j, d is the degression rate and the
parameter k indicates additional premiums for innovative technologies (Lang-
nifS et al. 2008, p. 4). With respect to kj, learning curves may be important.
The impact of learning curves related to the different feed-in tariffs is further
discussed in subsection 3.3. The different feed-in tariffs are summarised in
table 1.1 20

As it can be seen in table 1, the EEG supports different technologies with
emphasis on different remuneration rates. The range is from 6.5 ct/KWh for
electricity produced by using WATER and BIOGAS up to 51.62 ct/KWh for
electricity produced by using SOLAR. The comparison of the different tech-
nologies with respect to the feed-in tariffs is not as simple as it seems to be
at first glance. Because each technology has also different features, it can be
argued that different feed-in tariffs are justified.?!

the relevant critique that CCPs often go in hand with a lot of uncertainty and therefore an
ex ante selection of a technology is a pretension of knowledge (Hayek 1945).

17 At first glance it seems that this is an advantage. As it will turn out as a result at the end of
this paper, there are also good reasons to criticise such an approach.

18The remuneration is also given to those plants which do not feed-in to the general network
of electricity.

For a detailed overview of different feed-in tariffs related to the SEG and EEG compare
appendix A, page 31, table 4)

20Note; the EEG has been renewed in 2004 and 2009. The numbers with respect to the feed-in
tariffs for GT; as well as the depreciation rate d have changed. Overall, it can be said that the
feed-in tariffs have decreased whereas d has increased slightly by about 1% on average.

2IBecause sun shines only on daytime, SOLAR cannot produce electricity during the night.
WIND can also produce electricity during the night, but the amount of energy produced is not
very constant.
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Table 1: Remuneration (FIT) for different GTs

Technology j Remuneration (2000-2003) Annual
(ct/KWh) Reduction (d)

Wind (WIND) 9.1 14 %
Solar (SOLAR)

Capacity < 100KW 51.62 5.0 %

Plants on building capacity < 5 MW 48,1 5.0 %
Biomass (BIO)

Capacity < 500KW 10.0 1.0%

Capacity > 500KW < 5SMW 9.0 1.0%

Capacity> 5SMW < 20MW 8.5 1.0%
Hydro (WATER)

Capacity < 500KW 7.67 0%

Capacity > 500KW < 5SMW 6.5 0%
Landfill and sewage gas (BIOGAS)

Capacity < 500KW 7.67 1.5 %

Capacity > 500KW < 5SMW 6.5 15%
Geothermal plants (GEO)

Capacity< 20MW 8.5 0%

Capacity > 20MW 7.0 0%

Own illustration.

3.3 Arguments for different feed-in tariffs

Because GTs were not so much elaborated due to reduced commercial use in
the past, learning curves seem to be very important especially regarding the
development of technologies like SOLAR or WIND (Isoard and Soria 2001,
Wene 2008, pp. 21). Certain technologies like SOLAR might be very promising
regarding future energy generation, so that one can argue in favour of higher
feed-in tariffs for SOLAR or any other technology due to learning curves and
general expectations about future energy supply (compare figure 1).22 The
general argument goes as follows: Governments can generate positive welfare
effects if they set artificial markets for new energy technologies. Due to learn-
ing process, technologies which would otherwise be too costly become cost
efficient. As the manufacturing firms that produce a certain technology com-
pete on the market, production costs will decrease and technical performance
will increase. Due to uncertainty and market dynamics, the whole process will
also be accompanied with positive spillovers (e. g. innovations). Therefore, a
successful deployment program can provide, what markets might not provide
by themselves, namely the diffusion of certain GTs on high levels combined
with certain political targets like the reduction of GHG emissions (Wene 2008,

p- 16).

Figure 1 illustrates how learning effects production process regarding in-
put and output e. g. on the company level. The E in figure 1 represents an
experience parameter. Therefore, as diffusion leads to a higher level of expe-

22Especially in the case of SOLAR learning curves are very important (van der Zwaan and
Rabl 2003, Tributsch 2004, van der Zwaan and Rabl 2004).

10



Jena Economic Research Papers 2009 - 024

rience, output can increase for a given level of input or less input is necessary
in order to produce the same level of output. All in all the technology gets
cheaper and more cost efficient.

Figure 1: Input Output Model Regarding Learning Curves

Input Output @
— .
Learning
System

ta Experiences and
Leaning Curves

Own illustration oriented on Wene (2008), IEA /OECD (2000).

This theoretical reasoning can be used in order to justify different feed-
in tariffs for different technologies producing the same outcome theoretically.
Additionally, it can be seen in subsection 4.1, that the diffusion of WIND al-
ready began with the implementation of the SEG. Because the learning curve
model explains marginal production costs as a function negatively affected by
time, it can be explained why, even though learning curves play an important
role regarding WIND (Isoard and Soria 2001, McDonald and Schrattenholzer
2001), feed-in tariffs are set on a relatively low level compared to SOLAR or
other GTs. The rational behind it would be the already acquired experience
regarding the production of the technology WIND under the SEG.

Dynamic effects play an important role regarding development and dif-
tusion of GTs. They are therefore a strong argument in order to explain the
discrimination between different technologies. Nevertheless, two arguments
have to be looked at separately from each other: Reduction of GHG emis-
sions (IEA/OECD 2000, 2003) and investment into “backstop technologies”
(Nordhaus 1973). If the main reason to support a certain GT j is to reduce
GHG emissions, one could argue that the investment should go to the cheapest
technology available in order to achieve a certain target of emission reduc-
tion.?> This would be an argument against discrimination between different
technologies. Apart from this, one can also argue that certain technologies
have a high potential regarding future energy supply (“backstop technolo-
gies”) so that it might be desirable to allow diffusion of these technologies

Bnvestors would be able to take the cost reductions due to learning curve effects or
economies of scale into account, and the investment would go into the cheapest technology
able to achieve the political target.
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because they might become important for energy production on large scales
in the near future.* Even though the second argument can be criticised due
to the pretension of knowledge (Hayek 1945), it seems to be the main reason
why policymakers discriminate between different feed-in tariffs. If one accepts
the second argument, the question occurs, up to which level the diffusion of a
certain technology might be desirable.

4 Diffusion and Costs of GTs

This section is aimed to give a short overview of the diffusion of green tech-
nologies and the related costs.

4.1 Descriptive statistics about the diffusion of GTs

The diffusion of GTs is well documented by the German federal ministry of the
environment (BMU). The total share of renewable energies at the gross electric-
ity supply in 2005 was 10.4 % (BMU 2008, p. 13). In figure 2 it can be seen that
the installed capacity for WIND increased strongly. The installed capacity for
WATER remained at a relatively constant level. SOLAR increased after the im-
plementation of the EEG (after the year 2000) whereas for GEOBIO there was
a relatively constant but smooth increase of the total installed capacity.

Figure 2: Diffusion of GTs, measured by installed capacity in MW
(INCAPMWh)
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Own illustration, data source BMU (2008).

24A third argument not went into detail in this paper is the expectation of exports of the
technologies (Freytag and Wangler 2008).
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Figure 3 contains information about the growth of the stock of renewable
energies installed (measured by INCAPMWh?). By looking at the stock of
installed capacity in 1990, 2000 and 2005, the SEG (1990-2000) and the EEG
(2000-2005) can be compared. When the connecting lines between the two
blocks remain parallel, the installed capacity did not increase over time. It
can be seen that under the SEG the stock of WIND increased and WATER re-
mained more or less constant. GEOBIO increased on a lower rate. In the year
2000, SOLAR represents only a small share of total INCAPMWh. Under the
EEG in 2005 the overall share of installed capacity of GTs has more than dou-
bled compared to the year 2000. Within five years it came to a doubling of the
installed capacity for GEOBIO. WATER sill remained at a relatively constant
level. In contrast to this, the stock of SOLAR increased notably. Also the share
of WIND grew on large scales. The stock soared by about 200 %.

The German government set the target to produce in 2010 a share of 12.5 %
of gross energy consumption by renewable energies. This target was already
hit in 2007 (BMU 2008, p. 8). The long term political target is to reach a share
of 30 % of electricity produced from GTs in 2020. On the EU level ambitious
targets have been installed also. Until 2020 a share of 20 % of total energy
consumption shall be provided by GTs.20

Figure 3: Stock of GTs, measured by installed capacity in MW

(INCAPMWh)
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Own illustration, data source BMU (2008).

PInstalled capacity of electricity measured in megawatt hours.

26Note that with respect to this political target the debate is not only about electricity but also
about technologies that allow to substitute conventional energy consumption like bio fuels or
heating with geothermal energy.
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4.2 Costs related to the EEG

As the German network for electricity is separated in four regions and is run
by a different operator in each region , a clearing mechanism is needed to
make sure that the costs for the network operators related to the feed-in tariffs
are fairly allocated (Langnif3 et al. 2008, pp. 5). The average costs of remu-
neration are about 10.87 ct/KWh. This is approximately twice as much as the
market price for conventional energy. In 2006, the total costs for remuneration
were about 5.6 billion Euro (four times the costs from 2001).%” If costs related
to the EEG are translated into a price per KWh, they become seemingly low.
The EEG “only” accounts for 0.007 Euro/KWh, which is about 3.7 % of the
average price for electricity (calculated with a price for private consumers of
0.194 Euro/KWh). At first glance the numbers are not really astonishing and
seem to be surprisingly low. Therefore one could highlight all positive im-
pacts related to the EEG and draw the conslusion that the EEG was able to
reach its political targets at relatively low costs. Such a conclusion would be
far to easy because of the long-lasting cost-effects related to the EEG. It has
to be mentioned that according to the forecasts for 2013, annual remuneration
will increase to 12.6 billion Euro (Langnif’ et al. 2008, p. 2). This will be an
amount accounting for 4.5 % of the federal budget of 2008. In the reference
year 2006 about half of the money collected under the EEG went into WIND.
Twenty percent of the money went into SOLAR. Even though the monetary
support for photovoltaics is relatively high, SOLAR produces a rather small
share of about 4.3 % of all remunerated renewable electricity (Langnif3 et al.
2008, pp. 2).

From a static perspective costs seem to be rather low. As it turned out in sec-
tion 3 many studies state that the German feed-in system performs better than
the British RO. Nevertheless, it is predicted that the costs increase during the
next years and certain technologies will receive guaranteed payments for the
next two decades on high levels (compare subsection 3.2). On the one hand
this gives necessary stability for investors and has lead to relatively low elec-
tricity price increases in the last years. On the other hand it might be that some
of the investments will turn out to deallocated resources over several decades
so that problems related to the future development of electricity prices should
not be underestimated.

This short description of the idea about environmental regulation as well
as the overview about diffusion and costs related to the SEG and EEG shall
be used as background information for the following theoretical section. The
basic assumption of the model is that the GT sector is assumed to generate
positive externalities. What seems to be interesting taking arguments of po-
litical economy into account is to look weather the feed-in tariffs can be con-
sidered to be optimal from a short term perspective in order to evaluate the effi-
ciency/inefficiency related to the EEG from a long term perspective. This ques-
tion shall be further elaborated by using a theoretical framework.

270f course from this total number the market value of the output has to be subtracted. The
total costs related to remuneration are therefore smaller and are about 3.7 billion Euro.

14



Jena Economic Research Papers 2009 - 024

5 Theoretical framework

The model presented in this section builds on a model developed by Tanguay
etal. (2004). A distinction has to be made between the Theory of Public Interest
(TPI) and the economic theory of regulation (ETR).

5.1 Theory of Public Interest (TPI)

TPI is based on the microeconomic theory to detect market failure, which is
used as an argument to justify political intervention. Market failure, like the
problem of externalities, can be corrected with the authority of the state. The
aim of political intervention is to reinstall optimal resource allocation. The
equilibrium derived under TPI can be considered as the optimal solution for
the problem of failed markets.

It is difficult to justify the support of green technologies on the national
level with rational economic arguments. It also seems to be the case that green
technologies alone are not able to substitute conventional energy production.
From a long term perspective it might be that they will only be able to pro-
duce a certain percentage of total electricity outcome. Economic rationality
might be found by arguing that due to learning curve effects the technology
will become cheaper. It also can be that politicians try to generate a kind of first
mover advantage with transfer payments to the GT sector (Brandt and Svend-
sen 2006, Freytag and Wangler 2008, Svendsen 2003). Even though there are
many doubts regarding the positive impact of the GT sector, the argument of
positive externalities shall be used as a justification why it is rational for politi-
cians to support the GT sector. The market created by politicians by installing
a law enabling the diffusion of GTs might generate positive welfare (because
of job creation, positive environmental effects or the export of the technology
in the near future) so that this can be interpreted as positive externality (if ben-
efits are higher than the related costs).

As already discussed in section 3, the institutional setting of the EEG is
constructed in order to shift rents to the GT sector. The monetary support was
a necessary condition to enable the sector to evolve. From an industrial policy
perspective, monetary support up to a certain amount of money can be con-
sidered as “desirable” as long as they are justified with positive externalities.
Under the assumptions of complete information and non-existing “state fail-
ure” one can calculate the optimal support which should be paid to GTs. This
optimal support will allow for an optimal size of the GT sector and will ensure
that marginal costs will be equal to the marginal welfare gain.?®

5.2 Economic Theory of Regulation (ETR)

Even though economists sometimes seem to ignore that beside market fail-
ure there can also be the problem of state failure, it is common knowledge

2The welfare gains will be related to future exports of the technologies. There might also be
positive externalities due to job creation in the GT sector or positive environmental effects.
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that democratic systems are far from generating an optimal resource alloca-
tion. One reason is that governments do not always try to make decisions in
order to satisfy the common interests of the whole society. They have high
incentives to satisfy the interests of specific interest groups. In this case, the
established policy simply reflects the relative electoral weight of different in-
terest glroups.29

The political weight depends on votes or other factors able to generate
political power like monetary and non-monetary contributions. This model
seems to fit very well to the evolution of the green technology sector in Ger-
many under the “red green coalition” (1998-2005). This model is closely linked
to the theory of the “demand” for industrial regulation developed by Stigler
(1971). In his “economic theory of regulation” he developed a model in which
demand for regulation (in our case monetary support, e. g. subsidies) comes
from interest groups that can be considered being able to benefit from legisla-
tion. The supply for the enhanced well-being of interest groups is distributed
by the incumbent government which aims to maximise current political sup-
port. Therefore politicians in our model can be considered to be political en-
trepreneurs (Schumpeter 1987b). Politicians try to maximise votes in order to
be re-elected.

According to this model, regulation is not only the result of market imper-
fections. What is declared to be market failure in many cases is also linked to
state failure. As a result the welfare effects might be rather low or in some cases
they can even be negative. The success of special interest groups depends on
their ability to organise their interests and their importance for the incumbent
government. The incumbent government places its coercive power in favour
of special interest groups aiming to be re-elected. The model developed by
Stigler (1971) is also very useful in order to explain the success of the GT sec-
tor to tap resources. Nevertheless there is one important difference between
the model used in this paper and the approach from Stigler (1971). The Stigler
model explains why producer protection might prevail over consumer’s inter-
est. In our model GEPs can be both, consumers and producers of electricity.
As figure 4 shows the institutional design for the GT sector is constructed in a
way that some “privileged” producers of green technology (owner of the GTs)
and the GT sector both profit from the support they receive.

At first glance it also seems that the big energy companies have to pay the
bill. But this is obviously not the case as long as demand for electricity is very
inelastic. The higher costs related to the support for GTs will finally be trans-
ferred to the society in forms of higher energy prices. From this perspective the
EEG fits very well to what Peltzman (1976) calls the “law of diminishing re-
turns to group size”. One can argue that the GT sector as well as those citizens
who gain from the EEG simply outweigh the interest of the society as a whole
because they are better organised, better informed or simply because they in-

2 This fact was mainly highlighted by Olson (1987). He states that in the political process
often small interest groups successfully exert more influence than larger groups. One of the
reasons is that for larger groups it is more difficult to organise themselves because of higher
costs.
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Figure 4: Mechanism related to the EEG

The EEG and diffusion of GTs

= Electricity | Conventional
Green Electricity Producers (GEPs) Electricity
~— | Producing
Money transfer Companies
Similar
particular < Demand Supply
interests for GTs of GTs M
oney
on GTs transfer
as main
reason
Green Technology Sector for the
“Excess” \ diffusion

Costs of GTs

“Excess"” costs which allow for the diffusion of the technology are transfered to the general voting public
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fluence the political outcome more actively.* It also turned out in section 4,
that the price per KWh electricity, the EEG can be blamed for, is relatively low.
Consumers may face cost illusion with respect to the EEG.

5.3 The theoretical model

The EEG is constructed in a way that the money enabling the expansion of
GTs is paid to the producers of green electricity (GEP) and not to the produc-
ers of a certain technology j. This is shown in figure 4. The producers of GTs
(GEPs), produce green electricity and the output (electricity) can be fed-in into
the electricity network. GEPs can be households, communities, small com-
panies, farmers and others. The remuneration per KWh electricity depends
on the GT j (for the different feed-in tariffs compare table 4, page 31). This
mechanism generates an “artificial” demand for electricity produced with GTs.
Therefore, the possibility to feed-in electricity for a guaranteed remuneration
has an indirect impact on the production and diffusion of GTs. Figure 4 also
shows, that both, GEPs as well as companies producing GTs have an interest to
at least keep the feed-in tariffs on a constant level. It also seems to be clear that
both interest groups would not oppose against political decisions in favour of
an increase of remuneration. In contrast to this, it can be expected that po-
litical decisions towards a reduction of feed-in tariffs should be accompanied
by counter-lobbying of GEPs as well as GT producers. The “excess costs” for
electricity production are transferred to the general voting public.

30This does not mean that there are no limits for an optimal group size. Two opposite effects
can be distinguished. On the one hand one can argue that the larger the group the higher the
influence on the government. On the other hand the organisation costs also increase with the
group size. As the share of the rents will decrease, the increasing organisation costs put limits
on the growth of the group size. Compare also Peltzman (1989).
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Therefore two markets are assumed to have the same interests. Namely GEP
and GT producing companies. This is incorporated into the model by looking
at the GEP market in a first step and the GT sector j in a second step.

Green electricity production level (GEP Market)
In case that the government does not support green technologies, the market
share is set to zero. EN PVjGEP is the “expected net present value” for invest-
ment into GT j. Therefore

ENPVSE <0
with
Etl EtZ Etn

+ o 5.1
(1+r) (1+47)? (1+r)m 6D

The length of the periods is given by n. F; stands for the price of GT j, r is
the opportunity cost of investment and E is the surplus a GEP can make in
period t. In each period the individual surplus of GEP i is given by

ENPV}GEP — —F] +

Eif = x5 (p'$ — ¢f + FIT®). (5.2)

xfg is the quantity of electricity produced by the particular producer i in pe-
riod tg (¢ € [1,n])! p'¢ is the market price for electricity, C;g are marginal
costs and FI T]-tg is the feed-in-tariff for technology j in period tg. Note that it is

rational for GEP i to invest into GT j if EN PV]-GEP > 0. Figure 5 shows the con-

struction of the inverse demand curve. There is a linear relationship between
feed-in tariffs and ENPV.

Firm level (GT Market)

Consider N; identical firms operating in different sectors (SOLAR, WIND,
WATER, GEO and BIO). Firms are assumed to compete in their particular sec-
tor. The market is described by imperfect competition a la Cournot.3> Marginal
costs (c;) are assumed to be constant (¢; > 0).3% If the different GT sectors j are
compared, it is plausible to assume different production costs c; for the tech-
nologies. The sector specific demand is assumed to be linear and will be zero
without support paid on the demand side (there is no intersection between
MR and c;). Inverse demand without support is given with

p=1-9 63

3INote that xfg has to be different between different GEPs because the input factor to produce
electricity (e. g. sun, wind or water) is exogenous and differs between regions.

%1t is plausible not to assume complete competition in this case, because the GT sector is
depending on monetary transfers (in the following simply called support). If productivity gains
lead to lower production costs, firms make higher profits because the feed-in tariffs are relativly
constant. It also seems to be clear that high R&D expenditures can only be financed by the
companies if enough rents remain within the firm. Droge and Schroder (2005) among others
state that with respect to the GT sector imperfect markets can be assumed.

33Note, that this assumption only holds for a given point in time ¢ does not take the possibility
of economies of scale into account. This does not contradict the assumption of learning curves
discussed in subsection 3.3 meaning that over time decreasing marginal costs are assumed to be
ct+1 < ct. Nevertheless, for every period marginal costs can be taken from the “learning curve”
and can be assumed to be constant at the given point in time.
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Figure 5: Deviation of the inverse demand curve
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p; stands for the price of the technology of the GT sector j and Q) is the total
output produced by the N firms in sector j. Because demand is supported by
the feed-in tariffs, this can be integrated into the model using s;. Therefore

pi—sj = 1-Q; (5.4)
= 1+ §j — Q]'. (5.5)

Because of the symmetry assumption on firm level, the output is assumed to
be the same for each firm so that Q; = Ng;. Therefore the residual demand on
the firm level can be written as

Note that (N — 1)g; is the demand of all other firms. The marginal revenue on
the firm level is given by

MR; = [1+s; — (N — 1)g;] - 2q;. (5.7)

The EEG allows the GT sector to diffuse. Firms maximise their profits at
MR = ¢;. Taking (5.7) into account the quantity of output produced by one
single firm is given by

. 1—C]'—|—S]'

q; = N+T) (5.8)
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Multiplying g; with N leads to the total output (Q;) which is

. N@d-—cj+s))
Qi = TN+ (5.9)
Using (5.9) for the market demand gives p* which is

N(1—cj+sj)

TES) (5.10)

pi =1+4sj—
The results from (5.8) and (5.10) can be used to describe the profit of one single
tirm. This profit is given by

(1 —Cj + Sj)z

— o) = N (5.11)

Total profits generated by the GT sector j are given by Tir = N7T;.

5.3.1 Governments

TPI transfers

TPI supports lead to the optimal outcome without any state failure. It is as-
sumed that welfare W (compare equation 5.12) generated by the GT sector j
derives from three different sources. The first positive effect is given by the
GEP surplus (GEPS; = 1/2 Q; * (1+s; — p]*)) generated by those who buy
GTs. They receive a state guaranteed positive payoff from their investment.
Additionally firms earn a profit which is denoted by ;7. The third term en-
ters with a negative sign into the equation and is given by the support minus
the positive effect (b;) expected from GTs times Q7. The optimal solution can be
found by choosing the support s; able to maximise welfare (compare figure 6).

This leads to an optimal support s and an optimal welfare level W;'. It follows

max VV]‘(S]') = GEPS]' + N;T - (S]‘ - b])Q]* (5.12)

5j
The partial derivative from (5.12) with respect to s; leads to

oW, N

a;i  (N+ 1)2“7]'(

N+1)+1—c¢j—s;N]. (5.13)

Therefore the optimal support s;* is given by the solution for the first order
condition which is

S%ﬁ*:b]'(N—i-l)—Fl—C]'
) N ’

(5.14)

The following analysis is restricted to positive welfare effects generated by s;.
Aslong as ¢; < 1 equation 5.14 cannot be negative. By substituting s;* into the
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Figure 6: A partial model on national welfare

1+sj

J DWL

Citor (57by)

Demand for GTs

Q’ MR. R.

Own illustration.

equations for price, total output and total profit, the corresponding welfare
level can be calculated. This leads to

b]'—f—l—i—Cj(N—l)

P = N (5.15)

Q= bi+1-g (5.16)
. bi+1—c;)?

T = (]NZ]) (5.17)
bi+1—c¢j)?

W]»** = (JZC]) (5.18)

ETR transfers

ETR supports lead to an outcome which takes the political process into ac-
count. In democratic societies it is very likely that policies are not in line with
the interests of the general voting public (TPI) because of vested interests.

The policies established in order to fulfill the interests of specific interest groups
reflect the relative electoral weight of those interest groups in terms of mone-
tary and non-monetary contributions.

The underlying assumption of the model is that the incumbent government
takes the political support expected by the interest groups into account when
choosing the support s;. This can be done following the approach proposed by
Tanguay et al. (2004). Welfare (W) and political support can be modelled as a
linear function (V).3* Political support for the GT sector j (V) is derived from

34V represents monetary as well as non-monetary political support.
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four different sources: First, industries operating in the GT sector make profits.>
Second, as the output of the GT sector increases, jobs are created, which also
leads to a higher support for the incumbent government.3® Third, political
support is related to environmental factors, as long as the conflict (e. g. with
traditional nature protectors) is not too big. Because electricity producing com-
panies have to pay the higher price for the energy produced, consumers might
be illusive about the costs related to the support for GTs. Nevertheless, it is
plausible to assume that the political support is decreasing with an increase of
sj but is increasing with the positive externalities (b;) as long as they are com-
municated well enough.37 Fourth, GEPs who install GTs or buy assets of GTs,
receive rents with a guaranteed payoff. The total output produced by firms is
given by Q*. This allows to model the welfare of the incumbent government
by G.

max G(sj)) = aW(sj) + (1 —a)V(s)
= aW(sj) + (1 —a)[mr + Q" —
(s — bj)Q" + GEPS;] (5.19)

with 0 < a < 1. Maximizing equation 5.19 relative to s; leads to

o= bj(N+1>+(1_;\c]>(N+1>+1_cj-
It is interesting to see whether s;* < sj, or whether s;* > sj,. By calculating
the difference between the support paid under the TPI and the ETR regime the
difference can be looked at. As a result it turns out that

$* — 5jy = (o — 1)1\(]1 +N). (5.21)
This allows to state that for all cases in which & < 1 the support paid to al-
low for diffusion of the GT sector j will be too high and is therefore ineffi-
cient from an economic perspective.®® To keep things as simple as possible it
is convenient to calculate the same model under the assumption of complete
competition. The result remains the same (compare appendix B, page 32). By
comparing the two models, it turns out that the optimal transfer under com-
plete competition is smaller. It is shown that the same outcome (the optimal
support of green technologies) can be achieved at lower prices, what demon-
strates the strength of competitive markets to weaken the power of interest
groups (compare also Eucken (1965, 1990)).

(5.20)

%5This might lead to an increase in monetary contributions for the political parties supporting
the expansion of GTs.

36The stock of jobs in the GT sector in 2006 was about 110.000 (Kratzat et al. 2007).

37This means that the government has to start campaigns to inform the public of the success
of the GTs.

3Note that there are clear boundaries with respect to the difference between the TPI and
ETR regime. For the case of monopoly and &« = 0, the difference would be at maximum |2|. For
N — o0, the maximum difference would be |1|. Therefore, a lower concentration of firms in the
GT market restricts the government.
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5.3.2 Comparative static for s]’f* and sj,

For the TPI as well as for the ETR, the support “should” increase, the more
positive externalities (b;) are linked to the GT sector j. Therefore in the model,
a government that seeks to maximise a linear combination of the social welfare
function, will increase the support paid to the GT sector j if the positive exter-
nality increases (e. g. with new knowledge about the impact the GT sector j
for social welfare).

Table 2: Comparative static for s]’f* and sj,
S TPI ETR
C]' - -
b + +
N - -
o NA -

Own illustration.

This result is in line with the argument that under certain circumstances sup-
port to a certain sector might enhance welfare. From a political economy per-
spective it is plausible that governments seek to support industrial sectors if
they benefit from an increase in political support. It can also be observed that
the support transferred to the the GT sector j decreases with N for both theo-
ries. For the ETR regime this is intuitive. Because an increase in firms will lead
to lower market concentration, the support a government can gain by shifting
rents to this sector will decrease. For the TPI the explanation is given by having
an increase in the number of firms producing green technologies the outcome
of positive externalities also increases. Because everything else has been kept
constant, it is rational to adapt the support to the cost reductions. The result
demonstrates the importance of competition. The total share of support nec-
essary to spend to the GT sector j will decline with an increase in N. This
is in line with the results derived under complete competition (compare ap-
pendix B, page 32).

What is puzzling is the negative sign for the TPI system for an increase of
¢j. An increase of ¢; goes in hand with a decrease of GEPS; for green electric-
ity producers j. Profits of firms producing a green technology j (7t;) will also
decrease. One possible explanation for the TPR regime is given as follows. Be-
cause the positive externality b; remains constant, marginal costs to produce
the positive externality will increase. Therefore the relative increase in costs for
bj are higher than the decrease of GEPSj and TTj, SO that it would be rational
to lower s;. For the ETR ¢; enters also negatively into the equation. The expla-
nation can be found in the marginal production costs for GT j, which increase
relatively and therefore make support less attractive. Therefore politicians will
decrease support. A general pragmatic explanation is given as follows: Due
to the increase in marginal costs, the relative price for the positive externality
increases. This leads ceteris paribus to a decrease in demand for the positive
externality which leads to a decrease in s;.
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The negative sign for « is again very intuitive. By looking at equation 5.19,
it is clear that due to an increase in &, more weight is put on the TPI policy. As
the inefficiency related to s; increases, more emphasis is put on the ETR policy
(compare equation 5.21); it is obvious that a policy giving more weight to the
TP system will lower s;. The boundary for this decrease is given by the opti-
mal support under TPL

All in all, the theoretical model shows that CCPs have to be inefficient. As
long as politicians give political weight to job creation and further aspects re-
lated to the GT sector, the support always has to be higher than it would be
economically optimal. This is also true in the case that information about prob-
lems related to climate change increase. The political reaction will be to adjust
the feed-in tariffs according to the new information and additionally raise the
tariff in order to satisfy the particular interests of the GT sectors. Therefore
CCPs are a highly sensitive topic and the problem demonstrated by the use of
the theoretical model should be taken very seriously.

6 Conclusion

This study was aimed to assess the institutional setting enabling the diffusion
of GTs (SEG and EEG) in Germany from a political economy perspective. The
tirst part of the study intended to set the necessary background to understand
the following theoretical model. As a result of the model it turned out that
the EEG has to be inefficient. The money transferred to different GT sectors
highly depends on the power of the interest groups and other political interest
related to technology policy. Therefore feed-in tariffs like those for GEO might
be close to its optimum just because GEO as interest group may not be that
strong as the intest groups supporting SOLAR and BIO. From the description
of the SEG and EEG it also emerged as one of the results that the SEG can be
considered as successful because for the first time it allowed for competition
in the energy sector. Cost arguments and diffusion of GTs have been evalu-
ated after the theoretical model. By only looking at positive effects like com-
petition and the structural change in the energy market, the EEG can also be
considered as success. Its related costs seem still to be on a manageable level.
Therefore one could argue that the inefficiency-costs related to the EEG have
to be accepted in order to foster structural change. From a dynamic perspec-
tive this conclusion is too trivial and there is good reason to criticise such an
approach. Because the GT sector is built on lobbying and interest groups are
well organised, wrong political decisions today may implement long-lasting
cost effects on future generations (because feed-in tariffs are guaranteed over
a time horizon of twenty years). This may lead to the result that the aim to
“reduce the costs of energy supply to the national economy” formulated in the
EEG will not be achieved. If the guarantees for the feed-in tariffs have a too
long time horizon, this problem will become even worse. On the other hand,
a long term time horizon is needed by investors and therefore should also not
fall below a critical threshold. This highlights the importance to adjust the sup-
port for different GTs on the actual technological knowledge and increases in
productivity related to the production process of GTs. The more competitive
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the GT sector gets, the more it is worth thinking about policy reforms enabling
turther diffusion of GTs. One possibility would be to switch from CCPs to a
more market based approach, which does not combine environmental policy
with selective GT policy.
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A Diffusion of GTs

Figure 7: Diffusion of GTs as percentage of total capacity of all
GTs measured in MW

‘00%’llllllllllll||||

80%

=
oo | B il I m GEOBIO
° | | WATER
- m SOLAR

%
40% | | WIND

INCAPMWh

20%

0% 4—

¢ P P S & > &
& &L LS TS

Source: Own illustration, data source BMU (2008).

Figure 8: Diffusion of GTs given by installed capacity measured
in MW
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Table 3: Overview of the Installed Capacity of GTs

Year WATER WIND SOLAR BIO GEO TOTAL

MW MW MW MW MW MW
1990 4403 56 2 190 0.0 4651
1991 4403 98 3 190 0.0 4504
1992 4374 167 6 227 0.0 4774
1993 4520 310 9 227 0.0 4839
1994 4529 605 12 276 0.0 5422
1995 4521 1094 16 276 0.0 5631
1996 4563 1547 24 358 0.0 6492
1997 4578 2082 36 400 0.0 7096
1998 4601 2875 45 409 0.0 7930
1999 4547 4444 58 604 0.0 9653
2000 4572 6112 100 664 0.0 11448
2001 4600 8754 178 790 0.0 14322
2002 4620 11965 258 952 0.0 17795
2003 4640 14609 408 1137 0.0 20794
2004 4660 16629 1018 1550 0.2 23857
2005 4680 18428 1881 2192 0.2 27181
2006 4700 20622 2711 2740 0.2 30773
2007 4720 22247 3811 3238 24 34018

Source: Own illustration, data source BMU (2008).

Table 4: Feed-in tariffs for the SEG/EEG

StrEG EEG EEG Am.
GTj Size 1990-1999T 2000 2002 2003 2004E Annual  Reduction
Cent/KWh 2002 ff. 2005ff.
<500 KW 7.67 9.67 0%
HYDRO 500 KW - 5 MW 6.5 6.65 6.65 1%
5-150 MW 0.0 0.0 3.7-7.67% NA
Landfill Gas, <500 KW 6.5 7.67 7.67-9.67 0%
Sewage Gas, 500 KW - 5- MW 6.65 6.65-8.65 1.5%
Coal Mine >5MWS8 0.0 0.0 6.65-8.65 NA
Methane
<150 KW 7.1 10.23 10.1 10.0 11.5-175
BIO <500 KW 9.9-15.9 1% 1.5%
< 5MW 9.21 91 9.01 8.9-12.9
> 5MW 0.0 8.7 8.6 8.51 8.4
<5 MW 15.0
GEO <10 MW NA 8.95 14.0 0% 1%3
<20 MW 8.95
>20 MW 7.16 7.16
<5 Years 9.1 9.0 8.87 0.0 or 8.7%
WIND 8.2 1.5% 2%
Onshore > 5 Years 6.19 6.1 6.01 0.0 or 5.5-8.74
WIND <9 Years NA 9.1 9.0 8.87 9.15 1.5% 2%
offshore > 9 Years 6.19 6.1 6.01 6.19°
SOLAR stand-alone 82 50.62 481 457 457 5% 5%
building-integr. 54.0-62.4

! The indicative numbers are based on actual values from 1998.
2 Applies to refurbishment of already existing hydropower plants dependent on the size.
3 Degression starts in 2010.

4 For projects on poor wind sites (< 60% of average wind resource), no compensation will be payed.

5 Will be applied for 12 years on offshore projects commissioned prior 2010.
6 Applies on other offshore projects than in 5.
7 Degression is starting in 2008.
8 Is only for coal-bed methane.

Source: Own illustration based on Wiistenhagen and Bilharz (2004).
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B Theoretical model under complete competition

There is still the assumption that demand is supported by monetary transfers
from the government and therefore total demand for GTs is given for

pi—si = 1-Qj (B.1)
= 1+4s;—Q; (B.2)

Residual demand is given for
pi=1+s—(N—=1)g;—q; (B.3)

Firms maximise profits at p; = MC; with

C]' = [1 + S]’ — (N — 1)(]]] — q] (B4)
Taking (B.4) into account the quantity of output produced by one single firm
is given by

1—ci+s;
cx ] ]

q; N (B.5)
Multiplying g; with N leads to the total output (Q;) which is
Using (B.6) for the market demand gives p* which is

pi* =cj, (B.7)
and profit 7j is equal to zero (the notation ©* stands for equilibrium under
competition).

Governments
TPI transfers

TPI transfers lead to the optimal outcome without any state failure. It is as-
sumed that welfare W (compare equation B.8) generated by the GT sector j
comes from the GEP surplus (GEPS; = 1/2 % Q]C-* * (1+ ;i — p;‘)) minus the
support plus the positive effect (b;) expected from GTs times Qf*. The optimal
solution can be found by choosing the support s; able to maximise welfare.
This leads to an optimal support s;* and an optimal welfare level Wi*. It fol-
lows

5

32



Jena Economic Research Papers 2009 - 024

The partial derivative from (B.8) with respect to s; leads to

W,

— =b; —s,. (B.9)
aS]' ] J

Therefore the optimal support s;* is given by the solution for the first order
condition which is given by

s;"" = 1bj. (B.10)
Substituting s;** into the equations for price and total output, the correspond-
ing welfare level can be calculated. This leads to

pf** = ¢ (B.11)

Q]C** = 1- cj+ b]' (B.12)
*3k 1

Wi = (1 -g+b)” (B.13)

ETR transfers

Political support for the GT sector j (V}) comes from three different sources: First,
as the output coming from the GT sector increases, jobs are created which also
leads to a higher support for the incumbent government. Second, political
support is related to environmental factors, as long as the conflict (e. g. with
traditional nature protectors) is not too big. Third, GEPs which install GTs or
buy assets on GTs receive rents with a guaranteed payoff. This allows to model
the welfare of the incumbent government by G.

max Gc(sj) = DCW]-C(S]‘) +(1— ”‘)Vjc(sj)

5j

= aW(s;) + (1 —a)[Q" — (s; — Ab})Q* + GEPS;] (B.14)

with 0 < a < 1. Maximising equation B.14 relative to s; leads to

s]c-v = (1—a)+b; (B.15)
It results that
S]C.** — S]C'v = ((x — 1). (B.16)

Compared to the equilibrium which arises in Cournot competition, the num-
ber of firms operating in the market does not play a role anymore. Because
(14 N)/N is always bigger than 1, in the equilibrium with pure competition
the difference between support will be smaller. This leads to the result that
competition increases efficiency with respect to transfers to the GT sector be-
cause it weakens the power of interest groups.
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