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Abstract
The increasing environmental threat because of unsustainable pollution levels
have forced E.U. to take further actions by enforcing directives in the electricity
sector. The E.U. directives, enforced in 2002, aim to increase the level of
electricity produced from renewable sources. In order to fulfill their received
national target of green electricity, the E.U. members have, in most cases, either
adopted a feed-in tariff or tradable green certificates. Since it is in a government’s
interest to minimize expenditure while still maximizing incentives when adopting
a policy, this study has evaluated the cost-efficiency differences of a FIT and a
TGC from a governmental perspective. This has been done by using two different
models, one which measures total governmental expenditures in the energy sector
and one which only measures the subsidies in the energy sector. The findings
suggest that a TGC can be up to 159% more cost-efficient than a FIT, depending
on how it is measured. The total expenditure model could establish the costefficiency differences with a significance of 5%, while the subsidy model could
not establish the differences on a satisfying significance level.
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1. Introduction
The ongoing discussions regarding climate change and global warming are today
one of the most emergent issues because of its potential threat to the earth’s future
survival. The increasing number of natural disasters in modern times such as
tsunamis, heavy rainfalls, typhoons and great earthquakes are all believed to be
possible consequences of the increasing emission of carbon dioxide, influencing
the ozone layer in the atmosphere (Yasuhara, et al., 2012). The damage costs
related to the increasing level of natural disasters have been rising considerably if
looking at a global perspective, not to mention all human life that has been
affected (Zbiegniew & Matczak, 2012).
One industry that contributes to high levels of pollution in Europe is the electricity
sector which in year 2010 was responsible for 60% of the total emissions in E.U.
(Van den Bergh, Delarue, & D'haeseleer, 2013). In the electricity sector it is
mainly produced electricity coming from coal plants that cause a high level of
environmental pollution (Cristobal, Guillén-Gosálbez, Jiménez, & Irabien, 2012).
Since Coal-produced electricity is much more cost-efficient relative to electricity
produced from renewable sources it is also, consequently, cheaper to purchase.
In order to prevent electricity being produced from coal-plants and encourage
production from renewable sources such as wind, hydro, solar and biomass, the
first environmental directives from E.U. was established in 2002. The directives
aimed to reduce all E.U.-15 members’ emissions to below 8% of the 1990’s levels
by the year 2008-2012 (European commission, 2002). These directives were then
adjusted in 2007 and set at 20% of 1990’s level by the year of 2020 (European
comission, 2009).
The environmental directives have given each member country a national target
based on its initial emission levels and its limitation of natural resources. After
receiving its national target, the government of each member country gets full
authority to decide which support scheme and support mechanism it should adopt
(European comission, 2009). In order to adopt an efficient support scheme, the
government must among others evaluate the costs associated to each support
scheme and how they generate incentives to produce electricity from renewable
sources. More precisely, the government must consider the cost-efficiency of a
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support scheme. The primary purpose of this study will consequently be to
evaluate the cost-efficiency, from a governmental perspective, of the two most
common support schemes in Europe by using empirical methods. Henceforth, the
governmental cost-efficiency is measured in terms of how governmental
expenditures generate green electricity depending on support scheme.
The two most common support schemes in E.U. are the feed-in tariff (FIT) and
the tradable green certificate system (TGC) (European Comission, 2013). Usually
these support schemes are combined with some form of support mechanism such
as investment subsidies or tax mechanisms in order to provide complementary
incentives to produce and invest in renewable sources.
The FIT has been implemented by the majority of the countries within E.U. and
has existed for a longer time than the TGC. With a FIT, utilizers do not have any
obligation to fulfill a “green” target, instead power plants operators are given a
fixed payment for each unit of electricity, heat and/or biogas generated from
renewable sources. The fixed payment is then secured between 10-25 years,
which ensures a long-term incentive for power plant operators to invest in green
energy. With this policy all operators that produce green electricity can receive a
subsidy from the government (European Comission, 2014). With a TGC system,
the government imposes a quota obligation, usually on the utilizer, requiring the
obligator to produce a proportion of its production from renewable sources. The
TGC is then combined with certificates which the utilizer can sell to generators, in
order to fulfill its quota obligation. This system aims to create an effective market
and incentives for developing new technologies in the green sector (European
Comission, 2014). Some of the European Countries which have been using a TGC
over the last decade are Sweden, Netherlands, Italy, Belgium and the United
Kingdom.
In order to identify cost-efficiency differences between the two support schemes,
nine countries in E.U. during the period of 2001-2012 have been examined. The
countries included for this investigation are Austria, Belgium, Finland, France,
Italy, Netherlands, Portugal, Sweden and U.K. The time-period and countries
have been selected because of good available data for this paper’s purpose and
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because all countries are E.U.-15 members, meaning that each country has been
an E.U member since at least year 1995.
To examine the difference in cost-efficiency of each support scheme, this study
has used panel data with fixed effects combined with interaction variables. The
panel data are balanced, which means that it provides observations from each
country in every year. Investigating the cost-efficiency of each support schemes
by combining fixed effects with interaction variables have not yet been practiced
within this area, indicating that discovered results will be the first of its kind.
Factors such as technological development, risk association specific for a country
and the general attitude within a country are all important factors to consider
when analyzing the impact of a policy. By using fixed effects, one can control for
such country- and year-specific factors without actually observing them. The
specific cost-efficiency difference of each support scheme has then been estimated
by interacting a policy variable to a variable reflecting governmental expenditures
in the energy sector. This study has used two different interaction models in order
to evaluate the cost-efficiency. The first model measures in terms of how one
percentage increase of governmental expenditures in the energy sector generates
green electricity, reflecting all costs associated to each support scheme. The
second model only focus in terms of how one percentage increase of subsidies
within the energy sector generates green electricity, excluding administration and
transaction costs associated to each support scheme.
To clarify the study’s purpose, it aims to answer the following question:
From a governmental perspective which support scheme, a Feed-in tariff or a
tradable green certificates system, are the most cost-efficient if holding
influencing variables constant?
The further structure of this paper is divided in 5 sections. Section 2 provides a
detailed explanation of the two support schemes in order to provide a better
understanding of their differences. This section also presents previous research
that is of interest for this study. Section 3 contains information regarding the fixed
effects method, interaction variables, collected data and the used models. Section
4 describes the collected data and its sources. Section 5 provides the results of
each model and finally, section 6 presents the conclusions of this study.
5

2. Theoretical background & previous research
This section provides a further explanation of each support scheme, their history
and how they are complemented with support mechanisms. In the final part of this
section, previous research regarding each support scheme’s efficiency-differences
are presented.

2.1 Feed-in tariff
A FIT is a price-based policy where the tariff-rate is set by the government and
the quantity is then decided by the market (Haas, o.a., 2004). The policy involves
an obligation on electric utilizers to purchase their electricity from generators
producing their electricity from renewable sources (Menanteau, Finon, & Lamy,
2003). To be more concrete, the policy’s structure can be illustrated as below:
Figure 1. Structure of a FIT-system

In figure 1, the Price of the FIT is set at a certain level and assumes that the
quantity produced will be where P,FIT=MC,generator. In the figure, the marginal
cost of the generator represents the costs of producing from renewable sources,
while the marginal cost of the utilizer represents the cost of producing from fossil
sources. By establishing a tariff price at a level where producing from renewable
sources creates enough incentives, the public authority then subsidizes the cost
differences, marked area, of renewables- and fossil production. If this scenario is
satisfied, utilizers is not worse off and generators gain incentives to produce from
renewable sources. With this policy, all projects of renewable sources benefit,
even those with a lower marginal cost than the proposed tariff. The feed-in tariff,
consequently, enables the production costs of any renewables to be competitive
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with the production cost of fossil fuels and nuclear power plants (Menanteau,
Finon, & Lamy, 2003).
The feed in tariff’s most important key for achieving incentives to generators is
the long-term contracts, usually between 15-25 years, guaranteeing that utilizers
will be purchasing their electricity from the generator producing from renewable
sources (Wakulat, 2013). The long-term contracts then work as an assurance for
investors and thus implies that in order to make a FIT efficient, the confidence for
the ruling government becomes vital when accounting for risks related to the
investment.
Lesser & Su (2008) have suggested that a well implemented FIT should be
characteristic in three different ways:
1) Offer an above market price to generators, in order to create incentives for
each generator to maximize its production from renewable sources.
2) Time limited, since giving a contract that last forever creates economic
inefficiency from a governmental perspective.
3) The FIT should account for technological improvement factors which
make the production from renewable source more cost efficient and thus
reduces the tariff payment over time.
Even if these indicators are prevailed there are still potential drawbacks. Kwon
(2015) points out the fixed payment as one possible drawback, because of its
possibility of reducing competitiveness within the sector. The low competiveness
then causes lower incentives to reduce costs for generators and consequently
slows down technological improvements (Kwon, 2015).

2.2 Tradable green certificates
A TGC system has a reversed approach compared to a FIT, in such way that it is
quantity-based. This approach sets a quantity target of electricity being produced
from renewables and the price is then decided by the market (Haas, o.a., 2004).
The support scheme puts a fixed quota on the utilizer who then can choose to
produce from a renewable source itself or to sell its quota in form of certificates to
generators producing from renewable sources. One can think of it as illustrated
below:
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Figure 2. Structure of a TGC

In figure 2, not all operators have the same marginal cost to produce green
electricity. By opening up for a TGC system, utilizers with high marginal costs of
producing from renewable sources can sell their quota in form of a green
certificate to generators who benefits from their production of green electricity. In
this way the quotas can be allocated efficiently and create high incentives for
technological development for all operators on the market (Menanteau, Finon, &
Lamy, 2003).
To achieve an effective market while using a green certificate system, it has been
found that certain criterion must be fulfilled. One obvious thing is that the
marginal cost must differ between utilizers and generators, otherwise no trade will
be made and the support scheme will be useless (Finn, Dalen, & Hagem, 2012).
Söderholm (2008) points out the fulfillment and level of sanctions if one utilizer
does not complete its quota as a vital factor for reaching green electricity targets.
Further, Nielse & Jeppeson (2003) points out four crucial features that a green
tradable market system must be characterized with, in order to be efficient:
1) The market – if the quotas not are fulfilled, sanctions must be enforced in
order to make the certificates valuable. In this way there is incentives for
utilizers to produce certificates and there is incentives for generators to
buy them
2) The institutions – the TGC system must settle, to whom the certificates
should be issued, the scope of the certification, what information the
certification shall provide and how the trade shall be made.
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3) Low transaction costs – to make a trade system efficient, low transaction
costs become vital otherwise the alternative cost for the utilizer to fulfill
the quota itself might be more profitable.
4) Legal basis – a well implemented legal framework in a TGC system
reduces the risks for everyone involved in such way that consumers and
producers can feel confidence for its disposal.

2.3 History
The FIT has been used in U.S since 1978. During this time the support scheme
was called PURPA (Hirsh, 1999). The tariff aimed to cover so-called “avoided
costs” which is the costs suffered by the society, in forms of high air pollutions,
soured lakes and global warming (Lieu, 2013). The avoided costs were not always
easy to measure and for this reason, PURPA was revised to what today is referred
to as the feed-in tariff. The first FIT in Europe was introduced in Germany in
1991 and named “Stromeinspeisungsgesetz”(StrEG) (Wakulat, 2013). This tariff
was then also adopted by Spain and Denmark about one year later. The StrEG,
like today’s tariff offered a long-term contract to generators and forced the utilizer
to buy its electricity from the generator. At that time the price of the FIT was set a
certain percentage price depending on the current price of electricity (Gipe, 1990).
The FIT has at several times been revised since its introduction in 1991 and for
the time being it is more common that FIT’s offer a fixed payment for a given
time. While this study is being written, the FIT is used by the majority in E.U. Of
the countries investigated in this paper, a FIT have at some point in the 21thcentury been used in France, Belgium, Finland, Austria, Italy, Netherlands and
Portugal (European Comission, 2013).
The first tradable green certificate system in Europe is far younger and was first
applied in Netherlands at 1998, named “Green labeling” (Amundsen & Nese,
2009). The system contained several flaws and was revised in 2001, and in 2003
Netherlands changed to a feed-in tariff (Valentina & Maarten, 2003). Despite
Netherlands’ failure of implementing an effective TGC system some countries in
Europe have still chosen to adopt the system and between 2001 and 2012, Italy,
Belgium, Sweden and U.K have used it.
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2.4 Support mechanisms
In order to maximize incentives to invest in renewable sources, it is common to
use support mechanisms. The support mechanism functions as a complement to a
country’s chosen policy and aims to improve economic conditions for investing in
renewable sources (Haas, o.a., 2004). One Common support mechanism is to
subsidize a share of the costs associated with the construction of a renewable
source facility. Usually it is facilities such as wind plants, solar plants or hydro
plants that the government offer to subsidize in order to reduce start-up costs for
the investor. Another common support mechanism is to regulate taxes in a
direction which profit production of renewable sources. This is done in different
ways along the E.U members, but one of the most common method is to put
pollution taxes on electricity produced from coal plants. The coal tax then reduces
the marginal costs between renewables and coal production which brings down
the subsidies costs for the government while at the same time increasing tax
revenues (European Comission, 2014).

2.5 Previous research & assessment
Which support scheme that in itself is most cost-efficient is still not established. A
lot of studies have however tried to evaluate the two support schemes efficiency
from different perspectives. So far the feed-in tariff is suggested to be the more
efficient support scheme in order to provide incentives for production of green
electricity. This has been explained by the lower risk related to the investment, in
such way that a FIT guarantees a payment over time, compared to a trade system
which depends on circumstances on the market during present time (Fagiani,
Barquin, & Haakvoort, 2013). Menanteau, Finon & Lamy (2003) along with
Nielse & Jeppesen (2003) does, however, suggest that if a country using a TGCsystem is able to establish a well-structured market and a steady confidence for its
system, the policy could be more efficient than a FIT both in its providing for
incentives and by minimizing expenditures. One study suggests that if a TGC
would be implemented E.U.-wide, the expenditures to fulfill E.U.’s targets of
green electricity could be cut by 70% (Finn, Dalen, & Hagem, 2012).
Furthermore, Finn, Dalen & Hagem (2012) suggest that by implementing a TGC
E.U.-wide and eliminate national targets, green certificates can be distributed
cost-efficiently and those countries which are limited in national resources could
finance renewable production in less limited countries.
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A big advantage of the FIT is its simplicity; the tariff is not associated with
administrative costs and transactions costs in such way that a TGC-system is. The
biggest issue with a FIT is to ensure that the rate is being set at its optimal level,
in order to maximize its function. A too low rate does not provide enough
incentives for investor, while a too high rate provides strong incentives but at the
cost of the end-user which causes efficiency losses for the economy (Ringel,
2005). While the tariff rate becomes the most vital feature for a FIT to work
properly, the TGC-system with its complexity has more functions that need to be
considered in order to be well-implemented. These functions are altogether
associated with higher additional administrative costs than with a feed-in tariff
(Moorkens, Dams, Wortswinkel, & Schaeffer, 2013). The lacking knowledge of a
well-implemented TGC-system, together with its high administrative costs, are
probably reasons for why only a minority of the countries in Europe have adopted
the system. It might, however, be in every E.U.-member’s interest to evaluate the
advantages of a TGC when considering findings that suggest that the costs
associated with a FIT are unsustainable in the long-term (Zhang, Van Gerven,
Baeyens, & Degrève, 2014). Zhang & e.tl (2014) further suggest that FIT’s should
be reduced in some European countries, since the costs of producing green
electricity have reduced significantly.
The indications of unsustainable costs regarding the FIT and the possibility to
reduce costs with an E.U.-wide TGC are interesting findings and will be discussed
further in the conclusion section along with the results of this study.
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3. Econometric methodology
To investigate how governmental expenditures influence production of green
electricity differently under each support scheme when holding influencing
variables constant, fixed effects combined with interaction variables have been
used. The fixed effects help to control for factors difficult to observe and the
interaction variables provide cost-efficiency differences of each support scheme.
This study has used two different models, which aim to estimate governmental
expenditures and subsidies impact under each policy. The expenditure model aims
to illustrate the cost-efficiency regarding all expenditures associated with the
specific support scheme and the subsidy model aims to illustrate the costefficiency in terms of subsidies, only including investment subsidies and those
subsidies directly related to a FIT. The subsidy model is of interest since
government using a TGC needs to supply a higher amount of investment subsidies
to provide start-up incentives, while governments using a FIT mix their subsidies
with tariffs and investment subsidies.
The first part of this chapter will provide information of how each selected
country was chosen. Next a derivation of the used models will be provided
starting with interaction variables, then followed by the fixed effects and
additional control variables. Further, this section considers the assumptions and
restrictions of the used models, followed by the standard errors practiced for this
study. The final part of this section will then explain the models in further details

3.1 Observations & selection
This study has used a balanced panel data of selected countries included in E.U.15 during the time period of 2001-2012. This time-period has been chosen since it
reflects a period in E.U. where climate interventions have been enforced at a
larger scale. The countries have been annually observed and include Austria,
Belgium, France, Italy, Sweden, Finland, U.K, Portugal and Netherlands. These
countries have been chosen, firstly because they have all been a member of E.U.
during this time period, implying that they have all been following E.U.-specific
directives. Secondly, because all these countries have available data in order to
examine this paper’s purpose. Totally 108 observations have been collected. Of
the 108 observations, 81 observations have only used one of the two support
schemes at once, 18 observations have used none and 9 observations have used
12

both simultaneously1. Of the 81 observations, 47 observations have used a feed-in
tariff while not using a TGC-system and 34 observations have been using a TGCsystem while not using a feed-in tariff.
Country specific data during this time-span has been collected from following
databases; European energy commission, Eurostat and The World Bank. The
sources are world-recognized for their databases and are therefore most likely
some of the best sources one can use in order to investigate European countries
and dodge possible measurement errors.
What possibly put doubts on the chosen sample, is the exclusion of Germany,
Denmark and Spain. These are all countries that belong to EU-15 and was
excluded because of their absence of data during the investigated time period.
Since these countries have adopted a feed-in tariff since the beginning of the
1990’s2, they most likely have implemented it more effectively, if assuming an
increasing learning process. But since most of the selected countries have
implemented a feed-in tariff during the second half of the 1990’s alternatively a
TGC-system in the beginning of 2000, the learning process are more equal and
subsequently can provide better information of the differences of the two support
schemes during the same learning period (European Comission, 2013).

3.2 Interaction variables
Interaction variables are usually used in order to estimate how two independent
variables interact together (H. Stock & W. Watson, 2015). Since this study
examines how governmental expenditures in the energy sector differ under a feedin tariff and a TGC-system in its providing for green electricity, interaction
variables can be very useful. To be more illustrative, a simplified version of the
first model used in this study looks like:
𝑌𝑖𝑡 = 𝜗0 + 𝜗1 𝐺𝑖𝑡 + 𝜗2 𝐹𝐼𝑇𝑖𝑡 + 𝜗3 𝑇𝐺𝐶𝑖𝑡 + 𝜇1𝑖𝑡

(1.1)

In model (1.1) 𝑌𝑖𝑡 is the ratio of produced electricity from renewables of the total
electricity produced. FIT and TGC are binary policy variables and G is
governmental expenditures, in million euro, spent in the energy sector. The
coefficient 𝜗1 estimates how renewable electricity production changes by each

1
2

For further details regarding each country’s support scheme of each year see appendix.
See section 2.3
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million spent in the energy sector and 𝜗2 and 𝜗3 estimate the difference of green
electricity produced under a FIT respectively a TGC. Since this study aims to
explain the cost-efficiency of each support scheme, an interaction between G and
each policy variable was composed. Interacting FIT and TGC with G, provide
estimates of how changes in electricity produced from renewables differ by each
governmental million euro spent in the energy sector under each policy. The
interaction variables then look like:
𝑌𝑖𝑡 = 𝜔0 + 𝜔1 𝐺𝑖𝑡 + 𝜔2 𝐹𝐼𝑇𝑖𝑡 + 𝜔3 𝑇𝐺𝐶𝑖𝑡 + 𝜔4 (𝐹𝐼𝑇𝑖𝑡 ∗ 𝜔𝑖𝑡 ) + 𝜔5 (𝑇𝐺𝐶𝑖𝑡 ∗ 𝐺𝑖𝑡 ) + 𝜇2𝑖𝑡

(1.2)

In model (1.2), Y is the dependent variable (green electricity), 𝜔0 is the intercept,
𝜔1 estimates the general effect on Y of the expenditure variable, 𝜔2 and 𝜔3

estimates the differences of green electricity under each policy, 𝜔4 and 𝜔5
estimates the interaction variables, which indicates the cost-efficiency differences
of using a FIT or a TGC compared to if using none. 𝜇2 is the error term. Now one
can estimate the cost-efficiency of each policy by simply adding the coefficients.
If FIT=1 the impact on renewables of each million euro spent by the government
is equal to: 𝜔1 + 𝜔4 . If TGC=1, the impact on renewables of each million euro
spent by the government is equal to: 𝜔1 + 𝜔5 . In order to establish if there is a
significant difference in cost-efficiency of each policy regime, an F-test has been
used to test whether 𝜔4 and 𝜔5 in general have the same effect. F-tests have also
been used to test whether one can reject the joint null hypothesis that 𝜔1 + 𝜔4 =
0, if one can reject this null hypothesis with enough significance it is possible to
assume, with the given example, that governmental expenditures under a FIT have
an impact on generating green electricity.
Interaction variables have been used in both models. As mentioned in the
beginning of this section, the first model interacts the policy variables with a
governmental expenditure variable and the second model interacts the policy
variables with a subsidy variable. Both expenditure variables are delimited to
measure governmental expenditures and subsidies in the energy sector.
By combining interaction variables with fixed effects, one can increase the
probabilities of estimating consistent coefficients if suspecting that country- or
time-specific variables might have an impact on the outcome and the independent
variable of interest. Next part will thoroughly present a motivation and a
description of fixed effects and how it has been used for this study.
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3.3 Fixed effects
Like in all regression models, one wants to reduce the probability that the
variables of interest are correlated to the error term. Such condition makes the
estimation of the independent variable biased and usually occurs because of
omitted variable bias, simultaneous causality or errors in variables (H. Stock &
W. Watson, 2015). By using a fixed effects approach one can reduce the risk of a
biased regression by estimating country- and time specific variables without
actually observing them (Allison, 2009).
Because this study involves more than one country, it might be difficult to collect
data of all country specific factors. These could be factors such as culture, risk
associations, weather conditions or the general attitude regarding a certain subject.
These are all essential factors that could possibly affect the outcome of an
implemented policy and consequently need to be controlled for. Another factor
that is hard to measure is technological development. Since technological
development of renewable production most likely has occurred during the timeperiod of 2001-2012, one must control for such factors as well in order to get
consistent estimates. Since this study, for mentioned reasons, needs to control for
country-specific factors and time-specific factors, a fixed effects method is wellsuited.
There is, however, one possible flaw by using this method on the collected data
and that is the lack of variance in the policy variable. In order to estimate an
independent variable, when using fixed effects, one must have variation over time
and within countries. Otherwise it will not be possible to estimate the relative
effect of the two policies (Allison, 2009). Certain countries within the target
group, however, have changed from a feed-in tariff to green certificates and in the
reversed direction as well. The countries that has switched their support scheme
during the time-span are Belgium (2002), Italy (1999 & 2005) and Netherlands
(1999, 2003 & 2009). Other countries have also changed their support scheme
during this time, but not directly from a feed-in tariff to a TGC-system, but rather
from using none of the schemes initially or from using a bidding system
(European Comission, 2013). It has, however, been concluded that there is
variance in the policy variable, but that the variance is characterized as rarely
changing. However, by interacting the binary policy variable with an expenditure
15

variable, one can still measure whether a million euro spent by the government is
more or less effective depending on policy regime.
To include the fixed effects in the regression, imagine model (1.2), illustrated in
previous subsection:
𝑌𝑖𝑡 = 𝜔0 + 𝜔1 𝐺𝑖𝑡 + 𝜔2 𝐹𝐼𝑇𝑖𝑡 + 𝜔3 𝑇𝐺𝐶𝑖𝑡 + 𝜔4 (𝐹𝐼𝑇𝑖𝑡 ∗ 𝐺𝑖𝑡 ) + 𝜔5 (𝑇𝐺𝐶𝑖𝑡 ∗ 𝐺𝑖𝑡 ) + 𝜇2𝑖𝑡

(1.2)

Now if 𝜇2 is correlated with FIT, TGC or G, because of unmeasured country
specific factors, then the following relation is true:
𝐸(𝜇2𝑖𝑡 |(𝐹𝐼𝑇𝑖𝑡 ∗ 𝐺𝑖𝑡 ), (𝑇𝐺𝐶𝑖𝑡 ∗ 𝐺𝑖𝑡 )) ≠ 0 ↔ 𝑏𝑒𝑐𝑎𝑢𝑠𝑒 𝑜𝑓 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑓𝑎𝑐𝑡𝑜𝑟𝑠

Then 𝜇2 can be described in the following way:
𝜇2𝑖𝑡 = 𝛼𝑖 + 𝜇3𝑖𝑡

Where 𝛼𝑖 is the part that is explained by country specific factors and 𝜇3𝑖𝑡 is the
new error term. By using a fixed effects approach, one can capture the variation
unique for its country, 𝛼𝑖 . Including the effects coming from 𝛼𝑖 , one can control
for these factors and the model could be described as follows:
𝛿1𝑖 = 𝛼𝑖 + 𝜔0
𝑌𝑖𝑡 = 𝛿1𝑖 + 𝜌1 𝐺𝑖𝑡 + 𝜌2 𝐹𝐼𝑇𝑖𝑡 + 𝜌3 𝑇𝐺𝐶𝑖𝑡 + 𝜌4 (𝐹𝐼𝑇𝑖𝑡 ∗ 𝐺𝑖𝑡 ) + 𝜌5 (𝑇𝐺𝐶𝑖𝑡 ∗ 𝐺𝑖𝑡 ) + 𝜇3𝑖𝑡

(1.3)

Model (1.3) does now control for country specific factors that do not vary over
time. The fixed effects might also control for omitted variables that vary over time
but are equal across countries. With panel data it is straight forward to take such
factors into account as follows:
𝑌𝑖𝑡 = 𝛿2𝑖 + 𝛾1 𝐺𝑖𝑡 + 𝛾2 𝐹𝐼𝑇𝑖𝑡 + 𝛾3 𝑇𝐺𝐶𝑖𝑡 + 𝛾4 (𝐹𝐼𝑇𝑖𝑡 ∗ 𝐺𝑖𝑡 ) + 𝛾5 (𝑇𝐺𝐶𝑖𝑡 ∗ 𝐺𝑖𝑡 ) + 𝜋1𝑡 + 𝜇4𝑖𝑡 (1.4)

In model (1.4) above, time specific factors, denoted 𝜋1𝑡 , that do not vary across
countries are being controlled for. Basically, the model defines a dummy variable
for each country and each time period that makes it possible to control for these
variables without observing them. However, factors that still must be included in
the model are those varying within countries and across years and that is
correlated with the variable of interest and the dependent variable (H. Stock & W.
Watson, 2015).
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3.4 The Omitted variable bias problem
A big threat to the internal validity is the presence of omitted variable bias.
Omitted variable bias occurs when the variable of interest is correlated to the error
term because there are factors included in the error term that is correlated with the
variable of interest (H. Stock & W. Watson, 2015). Now imagine model (1.4)
from previous subsection 1), suffering from omitted variable bias characterized
with 2) and 3) or 4):
1)𝑌𝑖𝑡 = 𝛿2𝑖 + 𝛾1 𝐺𝑖𝑡 + 𝛾2 𝐹𝐼𝑇𝑖𝑡 + 𝛾3 𝑇𝐺𝐶𝑖𝑡 + 𝛾4 (𝐹𝐼𝑇𝑖𝑡 ∗ 𝐺𝑖𝑡 ) + 𝛾5 (𝑇𝐺𝐶𝑖𝑡 ∗ 𝐺𝑖𝑡 ) + 𝜋1𝑡 + 𝜇4𝑖𝑡

(1.4)

2) 𝜇4𝑖𝑡 = 𝑊𝑖𝑡 + 𝑢5𝑖𝑡
3)

𝐶𝑜𝑣((𝐹𝐼𝑇 ∗ 𝐺), 𝑊)
≠0
𝑉𝑎𝑟(𝐹𝐼𝑇 ∗ 𝐺)

4)

𝐶𝑜𝑣((𝑇𝐺𝐶 ∗ 𝐺), 𝑊)
≠0
𝑉𝑎𝑟(𝑇𝐺𝐶 ∗ 𝐺)

If 3) or 4) described above is true, the estimated coefficient 𝛾4 or 𝛾5 suffers from
omitted variable bias and is thus inconsistent. In order to minimize such condition,
additional control variables have been introduced (𝑊𝑖𝑡 ):
𝑌𝑖𝑡 = 𝛿3𝑖 + 𝜑1 𝐺𝑖𝑡 + 𝜑2 𝐹𝐼𝑇𝑖𝑡 + 𝜑3 𝑇𝐺𝐶𝑖𝑡 + 𝜑4 (𝐹𝐼𝑇𝑖𝑡 ∗ 𝐺𝑖𝑡 )

(1.5)

+ 𝜑5 (𝑇𝐺𝐶𝑖𝑡 ∗ 𝐺𝑖𝑡 ) + 𝜑6 𝑊𝑖𝑡 + 𝜋2𝑡 + 𝜇5𝑖𝑡
By using additional control variables not picked up by the country and time fixed
effects, the probability that estimates of interest suffer from omitted variables bias
is further reduced.

3.5 Additional control variables
As previous subsection mentions, variables changing annually and differently
within countries and that have a direct impact on the variable of interest and the
dependent variable, causes inconsistent estimates on variables of interest if not
included in the model. In order to prevent such estimates, addition control
variables have been included in the models.
Factors such as population density GDP, unemployment and ideology of the
ruling government are all factors changing over time and across countries. These
variables have all been included in the models, because they are not captured by
the fixed effects and might have an impact on both the dependent- and the
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independent variable. Because renewable sources are land-intensive, population
density within a country most likely affects the country’s possibility to produce
from renewable sources and consequently have an impact on the implemented
policy in the country as well. Since the country’s area is captured by the fixed
effects, only the annual population within a country has been included as a control
variable in order to control for restrictions in natural resources. GDP and
unemployment are also factors being possibly correlated to the outcome of a
policy. If GDP is low and unemployment is high during a period then that in turn
affects investors risk perception negatively, implying a smaller chance of
succeeding with the support scheme as well. GDP and unemployment might also
be related to governmental expenditures within the energy sector in the sense that
if a country suffers from high unemployment and decreasing GDP, the primary
focus for the government will be to handle such crisis. The population and GDP
variable have both been transformed into their natural logarithms in order to
adjust for potential skewness and make the variable more normally distributed
(Moore, McCabe, & Craig, 2012). The political impact, however, is harder to
anticipate, but political parties not identified with certain political blocs such as
left or right, might focus more on environmental solutions. For example in
Sweden, “Centerpartiet” and “Miljöpartiet” are both parties mainly focusing on
the environment and identified with a more “Center”-inspired ideology. To
control for political changes within countries and over the investigated time
period, three binary variables have been created where each variable indicates
political ideology by left, right or center.
Other factors directly related to an investor’s tendency to do business in a country
must also be controlled for in order to get consistent coefficients. For this reason a
corruption variable has been used. The World Bank has compiled a corruption
index, measuring a country’s ability to control for corruption. Since this factor
affects investor’s perception of risk within a country, it most likely affects how
well a policy will succeed and consequently the need of governmental
expenditures under a policy.
The electricity price is also a factor used in both models. If the electricity price
increases, the difference in marginal cost of producing from fossil sources relative
to renewable sources decreases. The level of electricity price affects governmental
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expenditures in such way that if the relative marginal cost of producing from one
source changes, the subsidy level changes as well in its attempt to cover the
differences.
As mentioned in previous section3, support mechanisms complementing a support
scheme is very common. Since investment subsidies are used in all investigated
countries, these are not controlled for but are rather included in governmental
expenditure of the energy sector. Tax mechanisms, however, must be controlled
for in order to get the pure effect from the expenditure variables. For this reason a
variable measuring tax revenues in the energy sector have been used in the
models. The tax revenues reflect pollution taxes and other energy taxes and are
assumed to explain the degree of taxation on electricity production coming from
fossil sources. For the same reason as with the GDP and population variable, the
tax revenue variable has also been transformed into its natural logarithms.
Controlling for mentioned variables, this paper assumes that factors affecting
investors risk perception of a certain country are controlled for. Further it assumes
that countries limitations of producing from renewables, support mechanisms and
prices affecting governmental expenditures are being controlled for. These are
assumed to be the most important differences between countries, in order to
implement a cost-efficient support scheme. Given that these assumptions hold,
this paper can estimate the support schemes’ cost-efficiency with consistent
coefficients in the sense that no omitted variable bias is present.

3.6 Further potential threats to consistent estimates
When estimating panel data with fixed effects estimators, it is common to assume
strict exogeneity. Strict exogeneity means that the dependent variable is
uncorrelated to the independent variable of interest within each time period and
between each time period (Allison, 2009). Since governmental expenditures are
one of the variables of interest, the strict exogeneity assumption can be expressed
in the following way:
𝐸(𝜇5𝑖𝑡 |𝐺𝑖1 , … . , 𝐺𝑖𝑇 , ) = 0

3

Section 2.4
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This is a strong assumption, saying that if a country decides to increase future
expenditures in the energy sector because of the present level of green electricity,
the strict exogeneity assumption does not hold and the OLS estimators suffer from
simultaneous causality. In order to practice this assumption, governmental
expenditure such as investment subsidies cannot have lagged affects. A possibility
that cannot be rejected since green power plants might take more than one year to
construct and consequently have its impact in a posterior time period. However,
since this study is more interested in how the impact of expenditures distinguish
between supports schemes, a weaker “common-trends” assumption has been used:
𝐸(𝑢5𝑖𝑡 |(𝐹𝐼𝑇𝑖 𝐺𝑖1 , … , 𝐹𝐼𝑇𝑖 𝐺𝑖𝑇 , 𝑇𝐺𝐶𝑖 𝐺𝑖1 , … , 𝑇𝐺𝐶𝑖 𝐺𝑖𝑇 , 𝐺𝑖1 , … , 𝐺𝑖𝑇 ) = 𝐸(𝑢5𝑖𝑡 |𝐺𝑖1 , … , 𝐺𝑖𝑇 )

The assumption indicates that a country using a TGC or a FIT would have the
same impact of expenditures as a country not using a support scheme, if the
country using a FIT or a TGC would not use a support scheme. Because all E.U15 countries are affected by the environmental directives, it is possible that
countries choosing to not use a support mechanism must adjust their expenditures
in forms of increasing investment subsidies in order to reach national target. Since
all countries need to reach their national targets, governmental expenditures
probably follow parallel trends in generating green electricity since countries
using a support scheme would have the same impact of investments subsidies as
those not using a support scheme if they stopped to use a support scheme. Given
that this assumption holds, the estimates of interacted variables do not suffer from
simultaneous causality and are thus consistent. In order to test the credibility of
this assumption, two different regression models than those presented earlier in
this section have been used. These models estimate the impact of governmental
expenditures and subsidies (in this example only expenditures are presented) in
those countries that have not used a FIT or a TGC in more than one time period,
including only three countries, Finland (2001-2010), Netherland (2001-2002 &
2006-2008) and Sweden (2001-2002). The governmental expenditures model
could be expressed as follows:
𝑌𝑖𝑡 = 𝛿4𝑖 + 𝜏1 𝐺𝑖𝑡 + 𝜏2 (𝑆𝑤𝑒 ∗ 𝐺𝑖𝑡 ) + 𝜏3 (𝑁𝑒𝑑 ∗ 𝐺𝑖𝑡 ) + 𝜏4 (𝑊𝑖𝑡 ) + 𝜋3𝑡 + 𝜀𝑖𝑡

3.1

In model 3.1, Finland is the omitted reference country and thus the coefficient 𝜏1
provides the impact from governmental expenditures on green electricity in
Finland. 𝜏2 then estimates the impact differences between Finland and Sweden
20

and 𝜏3 estimates the difference between Netherlands and Finland. 𝜏4 represents
the estimates of used control variables, which are those presented in section 3.5
except the corruption and political variables. The corruption variable have been
excluded since the differences in corruption does not differ significantly between
those countries included for this test and thus not need to be controlled for. The
political variables are omitted since no country have changed political party
during the investigated time period and are thus picked up by the fixed effects. 𝛿4𝑖
& 𝜋3𝑡 represents, as in previous models, the fixed country- respectively timeeffects. In order to test if the general impact is equal across these countries, F-tests
have been used to test the null hypothesis that the impact of governmental
expenditures in general are the same: 𝜏1 = 𝜏1 + 𝜏2 = 𝜏1 + 𝜏3 . If one can reject such
hypothesis with enough significance, the common trend assumption is threatened.
Since the estimates are only based on 17 observations and three countries, the
validity of this test should be considered with caution. The tests does, however,
provide an indication regarding the common trend assumption’s credibility.
The potential threat of having measurement errors in variables of interest should
also be considered. This is another condition that causes doubts on estimated
coefficients (H. Stock & W. Watson, 2015). Both variables of interest,
governmental expenditures and subsidies, are measured in the energy sector. The
energy sector, however, does also include the fuel and heat/gas industry. If the
distribution on electricity, fuel and heat/gas of each million euro spent by the
governmental in the energy sector differs depending on which support scheme a
country uses, measurement error bias would be present. There is, however, no
indications that those countries using a FIT spends a different share on green
electricity, fuels or gas than those countries using a TGC. Given that there is no
straight indications for such condition, this paper have assumed that no
measurement error bias is present in the estimated coefficients of interest.

3.7 Standard errors
Using correct standard errors are vital in order to interpret the significance of
estimated coefficients. The level of significance indicates the probability that the
variable of interest has an impact on the dependent variable. Usually one tests the
significance by using t-statistic. The t-statistic exposes the significance level with
consideration of observations used in the sample (H. Stock & W. Watson, 2015).
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When using panel data that reflects countries over different time periods, there is a
possibility for the variable of interest being serially correlated, also referred to as
autocorrelated. A variable being serially correlated implies that it is correlated
over time for a given entity (H. Stock & W. Watson, 2015). If using robust
standard errors on a variable that is serially correlated, the standard errors will be
inconsistent and usually too small (Bertrand, Duflo, & Mullainathan, 2004). A
convenient way of adjusting for serial correlation is to cluster the standard errors
by country. The clustered standard error treats each country as a cluster, while
assuming that the regression errors are uncorrelated across clusters (H. Stock &
W. Watson, 2015). However, when there are few clusters, the clustered standard
errors might be misleading (Angrist & Pischke, 2008). Angrist & Pischke (2008)
suggest that one should rely on those standard errors with largest value. Since this
study only involves 9 countries, both robust and clustered standard errors will be
used and presented in the results of the cost-efficiency models. In the commontrend tests, however, only robust standard errors have been used because the tests
only involves 3 countries.

3.8 Models – Structure & purpose
Two models have been used in this study with the purpose of estimating costefficiency differences from a governmental expenditure perspective under each
support scheme. Both models have the same dependent variable, the ratio of
electricity produced from renewable sources of the total electricity produced,
transformed to its natural logarithm. When using the logarithms of the dependent
variable, the coefficient explains how much each million euro spent by the
governmental in the energy sector influences the production of green electricity in
percentage (H. Stock & W. Watson, 2015).
Both models use the policy variable, but with different expenditure variables. In
each model the expenditure and subsidy variable have been transformed into their
natural logarithms and thus provide estimated coefficients of interest in
percentage.
The first model includes an interaction variable of policy and governmental
expenditures in the energy sector. The purpose of this model is to explain how one
percentage increase of governmental expenditures in the energy sector impacts the
production from renewable sources under each support scheme. This variable
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includes granted loans, subsidies, administrative costs, transactions costs and
other governmental expenditures related to the energy sector. The coefficient on
the interaction variable of policy and governmental expenditures, provides an
indication of how each policy differs in its total cost-efficiency.
The second model has the same construction as the first model, but uses an
interaction variable of policy and subsidies in the energy sector as the variable of
interest, instead of total expenditures. The subsidy variable only includes
investment subsidies and tariff subsidies. Interacting this variable with the policy
variable, one can estimate the specific subsidy-effects under each support scheme.
This model consequently estimates how much one percentage increase of
subsidies in the energy sector influences electricity produced from renewable
sources under each support scheme.
Below are the final models which the results of cost-efficiency differences
between a FIT and a TGC will be interpreted from:
Model 1 – Governmental expenditures
𝑙𝑛𝑅𝐸𝑆𝑖𝑡 = 𝛿5𝑖 + 𝛽1 𝑙𝑛𝐺 + 𝛽2 𝐹𝐼𝑇 + 𝛽3 𝑇𝐺𝐶 + 𝛽4 (𝐹𝐼𝑇 ∗ 𝑙𝑛𝐺) + 𝛽5 (𝑇𝐺𝐶 ∗ 𝑙𝑛𝐺)

+ 𝛽6 𝑙𝑛𝑇 + 𝛽7 𝐿 + 𝛽8 𝑅 + 𝛽9 𝐶𝑜𝑟 + 𝛽10 𝑙𝑛𝐺𝐷𝑃 + 𝛽11 𝑈𝑛
+ 𝛽12 𝑙𝑛𝑃𝑜𝑝 + 𝛽13 𝐸𝑙 + 𝜋4𝑡 + 𝑢1𝑖𝑡

Model 2 – Governmental subsidies
𝑙𝑛𝑅𝐸𝑆𝑖𝑡 = 𝛿6𝑖 + ∈1 𝑙𝑛𝑆 +∈2 𝐹𝐼𝑇 +∈3 𝑇𝐺𝐶 +∈4 (𝐹𝐼𝑇 ∗ 𝑙𝑛𝑆) +∈5 (𝑇𝐺𝐶 ∗ 𝑙𝑛𝑆)
+∈6 𝑙𝑛𝑇 +∈7 𝐿 +∈8 𝑅 +∈9 𝐶𝑜𝑟 +∈10 𝑙𝑛𝐺𝐷𝑃 +∈11 𝑈𝑛
+∈12 𝑙𝑛𝑃𝑜𝑝 +∈13 𝐸𝑙 + 𝜋5𝑡 + 𝑢2𝑖𝑡
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4.1 Variable definitions and sources of data
In table 1 each variable for this study are defined. The variables are separated in
forms of dependent variable, variables of interest, control variables and fixed
effects variables. The control variables are further separated in terms of political,
population and economic factors.
Table 1. Description of used variables and their sources

Data
Model
Description
variable
variable
Dependent variable

Unit

Source

RESTES

Electricity produced from
renewables/Total
produced electricity

Ratio

EEC

RES

Variables of interest
FIT

FIT

1 if FIT , 0 otherwise

Binary

EEC

TGC

TGC

1 if TGC 0 otherwise

Binary

EEC

GE

G

Million Euro

Eurostat

Sub

S

Governmental
expenditures in the energy
sector.
Governmental subsidies in
the energy sector

Million Euro

Eurostat

1 if left government, 0
otherwise
1 if center government, 0
otherwise
1 if right government, 0
otherwise

Binary

World bank

Binary

World bank

Binary

World bank

Control variables
Political
Left
Center
(Omitted)
Right

L
C
R

Population
Pop

Pop

Total population

Quantity

Eurostat

Economic
GDP
Un
Cor
ET

GDP
Un
Cor
T

Euro
Ratio
Index
Million Euro

Eurostat
Eurostat
World bank
Eurostat

El

El

GDP per capita
Unemployment rate
Control of corruption
Revenues from
environmental taxes in the
energy sector
Electricity price domestic
consumer

€/kWh

Eurostat

Fixed effects
𝛿𝑛𝑖
𝜋𝑛𝑡

Fixed country effects + 𝛽0
Fixed time effects
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4.2 Data description
Figure 3 shows that of the selected countries, in 2001-2012, Austria has had the
highest ratio of green electricity while U.K has had the least. It also reveals that
the ratio of green electricity differs considerably across countries. The general
trend of green electricity is, however, increasing during the time-period.
Figure 3. Description of each country’s ratio of green electricity produced between 2001-2012
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Table 2 shows that governments using FIT’s in general spend more than those
using TGC’s, both in terms of total expenditures and in terms of subsidies. The
table also reveals that countries using FIT’s in general have a higher green
electricity ratio than those using TGC’s.

Table 2. Description of mean and standard deviation (parenthesis) of all countries

observed in this study separated by support scheme.
All countries

RESTES
(Ratio)

GE
(Million euro)

GE/GDP
Sub
(Million euro)

Sub/GDP

0,27
(0,21)
1404
(2027)
0,049
(0,073)
906
(1546)
0,032
(0,056)

FIT

TGC

0,31
(0,23)
1970
(2541)
0,069
(0,09)
1379
(1957)
0,048
(0,071)

0,21
(0,19)
1668
(1686)
0,059
(0,064)
1123
(1489)
0,041
(0,056)
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5. Results
This section begins by presenting the results of cost-efficiency differences
between FIT and TGC by Model 1 and 24. The results of these models are
presented in table 3. Further these results are interpreted separately by model 1,
estimating governmental expenditures, respectively model 2, estimating
governmental subsidies. Further, table 4 in this section presents the results of the
common-trends trend tests.

5.1 Regression results of model 1 & 2
The results of model 1 and model 2 are provided separately in table 3. The models
are presented in four steps, denoted (1), (2), (3) and (4), in order to demonstrate
how estimated coefficients change when adding control variables. The
coefficients shown in parenthesis beside the regressors in table 3 are those
presented of each model in section 3.8. Table 3 also provides the results of the Ftests made in the final models, numerated from (i) to (vi). F-tests (i), (ii), (iv) and
(v), tests the jointly impact of the expenditure respectively the subsidy variable
along with each support scheme. F-tests (iii) and (vi) tests the null hypothesis that
there is no cost-efficiency differences between a FIT and TGC, measured in terms
of governmental expenditures respectively governmental subsidies.

4

The structure of Model 1 & 2 are described and presented in section 3.8
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Table 3. Regression analysis of cost-efficiency on renewables during different support
schemes
*** = Significance of 1% level
** = Significance of 5% level Significance level are shown with both clustered and robust
* = Significance of 10% level SE:s, where clustered is below estimates and robust below
clustered. In the F-test Clustered is at top and robust at bottom.
Dependent variable: lnRT
Regressor (coefficient)
(1)
(2)
(3)
(4)

Model 1
0.06
0.06
0.06
0.028
(0.07)
(0.065)
(0.067)
(0.081)
(0.055)
(0.054)
(0.056)
(0.066)
0.05
0.05
0.05
0.06
FIT*lnG (𝛽4 )
(0.055)
(0.05)
(0.05)
(0.06)
(0.031)
(0.029)
(0.03)
(0.036)*
0.16
0.17
0.16
0.2
TGC*lnG (𝛽5 )
(0.067)**
(0.063)**
(0.076)*
(0.08)**
(0.052)***
(0.053)***
(0.057)***
(0.064)***
F-statistic testing joint hypothesis and single restrictions (numerated i-iii)
(i)Coefficients of
4.34*
FIT*lnG & lnG = 0
3.29**
(ii)Coefficients of
20.36***
TGC*lnG & lnG = 0
24.99***
(iii)Coefficients of
8.87**
FIT*lnG=TGC*lnG
7.64***
Model 2
0.043
0.039
0.053
0.017
lnS (∈1 )
(0.05)
(0.047)
(0.04)
(0.046)
(0.027)
(0.027)
(0.023)**
(0.026)
0.02
0.02
0.013
0.038
FIT*lnS (∈4 )
(0.037)
(0.033)
(0.027)
(0.033)
(0.02)
(0.018)
(0.016)
(0.018)**
0.083
0.089
0.062
0.1
TGC*lnS (∈5 )
(0.051)
(0.048)*
(0.042)
(0.048)*
(0.032)**
(0.033)***
(0.028)**
(0.028)**
F-statistic testing joint hypothesis and single restrictions (numerated iv-vi)
(iv)Coefficients of
1.53
FIT*lnS & lnS = 0
4.03**
(v)Coefficients of
19.6***
TGC*lnS & lnS = 0
31.33***
(vi)Coefficients of
2,58
FIT*lnS=TGC*lnS
5.74**
Control variables
Political
No
Yes
Yes
Yes
Population
No
No
Yes
Yes
Economic
No
No
No
Yes
Time effects
Yes
Yes
Yes
Yes
Country effects
Yes
Yes
Yes
Yes

lnG (𝛽1)

Note: The independent variable of FIT and TGC are included in all steps
Time-period: 2001-2012 Countries: Austria, Belgium, Finland, France, Italy, Ireland, Portugal, Sweden & U.K
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Interpreting both models of the 4 steps provided in table 3, political factors (2) in
general do not seem to have any influence on support scheme’s cost-efficiency.
When population level (3) then is added, no distinct change in the variables of
interest in model 1 occur, but in model 2 the general subsidy effect increases
while the cost-efficiency under each support scheme becomes weaker. The final
models are presented in column (4) and are, however, those that should be
interpreted further for this study.
5.1.1 Model 1 – Governmental expenditures
The results of the first model, presented in the upper half of table 3, indicates that
each percentage unit spent by the ruling government in the energy sector, in
general, generates 0.03% green electricity. The results of adding the coefficients
of each interaction variable with the expenditure variable, implies that each
percentage spend by the government within the energy sector in general generates
0.088% green electricity under a FIT and 0.228% green electricity under a TGC.
This indicates that in general a TGC can be up to 159% more cost-efficient than a
FIT5. In order to test the jointly significance of these findings, F-tests, shown in
table 3 (i) & (ii), have been used. The F-tests examine the null hypothesis that the
estimates of each interaction variable along with the independent expenditure
variable do not have a jointly impact on generating green electricity. In both cases
the null hypothesis could be rejected with clustered standard errors. However,
with the FIT interaction the null hypothesis could only be rejected with a
significance of 10%, while with the TGC interaction it could be rejected with a
significance of 1%.
The last F-test of model 1, displayed in table 3 (iii), tests the null hypothesis that
cost-efficiency under each support scheme in general is the same. This null
hypothesis could also be rejected at a significance level of 5% if using clustered
standard errors and at 1% if using robust standard errors. This result implies that
there are cost-efficiency differences between a FIT and a TGC.
Given the findings presented above there is strong implications that a TGCsystem is more cost-efficient than a FIT-system if measuring in terms of how each

5

(

(𝛽1 +𝛽5 )
(𝛽1 +𝛽4 )

− 1) ∗ 100 ≈ 159%
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percentage spent by government in the energy sector generates green electricity
under each support scheme.
5.1.2 Model 2 – Governmental subsidies
The procedure of interpreting the estimations of model 2, presented in the lower
half of table 3, is similar to that of model 1. However, since model 2 only
measures the subsidies within the energy sector, different results were discovered.
First it was found that each percentage unit subsidized within the energy sector, in
general generates 0.017% green electricity. A general impact on green electricity
that is less compared to the first model. Further, the estimated coefficients on
variables of interest were added and indicates that each percentage unit subsidized
in general generates 0.055% green electricity under a FIT and 0.117% under a
TGC. This finding suggests that a TGC can be up to 113% more cost-efficient
than a FIT6. The two F-tests, shown in table 3 (iv) and (v) then test the jointly
significance of these estimates. The null hypothesis, suggesting that the estimates
of the independent subsidy variable and the interacted FIT variable do not have an
impact on generating green electricity, could not be rejected on satisfying
significance levels if using clustered standard errors. The null hypothesis could,
however, be rejected with a significance of 5% if using robust standard errors
instead of clustered. But as mentioned in section 3.7, one should trust those
standard errors with highest value in order to provide reliable results, in this case
the clustered standard errors. When the estimates of the interacted TGC-variable
and the subsidy variable were tested with a similar F-test, the null hypothesis
could be rejected with a significance of 1%. This implies that subsidies under a
TGC-system in general have an impact of generating green electricity.
In the final F-test, displayed in table 3 (vi), the null hypothesis suggesting that
subsidies in general have the same effect under a FIT as in a TGC could not be
rejected with clustered standard errors. The null hypothesis could, however, be
rejected with robust standard errors with a significance of 5%, but also this time
robust standard errors were smaller than the clustered and consequently puts
doubt on the reliability of this test.

6

(

(∈1 +∈5 )
(∈1 +∈4 )

− 1) ∗ 100 ≈ 113%
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Summering the results of the second model, the evidence suggesting that a TGC
are more cost-efficient than a FIT is weaker compared to the evidence of the first
model. The implications of this model are, however, in line with what model 1
suggests that a TGC could be more cost-efficient than a FIT from a governmental
perspective.

5.2 Common-trend tests
Table 4 below tests if the common-trends assumption is credible by interacting
governmental expenditures with those countries which have not used a FIT or a
TGC in more than one year during the investigated time-period7. The countries
included are Sweden (2001-2002), Finland (2001-2010) and Netherlands (20012002 & 2006-2008). The table does not present specific estimates of each used
model but only the F-statistic based on the null hypothesis that the general effect
of expenditures/subsidies on green electricity are equal across included countries.
In both models Finland is the omitted reference country.
Table 4. F-tests, testing if impact on green electricity of governmental expenditures and
subsidies are equal across countries when no FIT or TGC have been used.
Time period: 2001-2010
*** = Significance of 1% level
Countries: Sweden, Netherlands & Finland
** = Significance of 5% level
* = Significance of 10% level
Significance level are shown with robust SE:s
Common-trends Model 3:
𝑙𝑛𝑅𝐸𝑆𝑖𝑡 = 𝛿1𝑖 + 𝜏1 𝐺𝑖𝑡 + 𝜏2 (𝑆𝑤𝑒 ∗ 𝐺𝑖𝑡 ) + 𝜏3 (𝑁𝑒𝑑 ∗ 𝐺𝑖𝑡 ) + 𝜏4 (𝑙𝑛𝑇) + 𝜏5 (𝑙𝑛𝐺𝐷𝑃𝑖𝑡 ) + 𝜏6 (𝑈𝑛𝑖𝑡 )
+ 𝜏7 (𝑙𝑛𝑃𝑜𝑝𝑖𝑡 ) + 𝜏8 (𝐸𝑙𝑖𝑡 ) + 𝜋1𝑡 + 𝜀1𝑖𝑡
Regressor

Coefficients

F-statistic

G=G+(Swe*G)=G+(Ned*G)

𝜏1 = 𝜏1 + 𝜏2 = 𝜏1 + 𝜏3

10.52

Common-trends Model 4:
𝑙𝑛𝑅𝐸𝑆𝑖𝑡 = 𝛿2𝑖 + 𝛼1 𝑆𝑢𝑏𝑖𝑡 + 𝛼2 (𝑆𝑤𝑒 ∗ 𝑆𝑢𝑏𝑖𝑡 ) + 𝛼3 (𝑁𝑒𝑑 ∗ 𝑆𝑢𝑏𝑖𝑡 ) + 𝛼4 (𝑙𝑛𝑇) + 𝛼5 (𝑙𝑛𝐺𝐷𝑃𝑖𝑡 )
+ 𝛼6 (𝑈𝑛𝑖𝑡 ) + 𝛼7 (𝑙𝑛𝑃𝑜𝑝𝑖𝑡 ) + 𝛼8 (𝐸𝑙𝑖𝑡 ) + 𝜋2𝑡 + 𝜀2𝑖𝑡
Regressor

Coefficients

Sub=Sub+(Swe*Sub)=Sub+(Ned*Sub) 𝛼1 = 𝛼1 + 𝛼2 = 𝛼1 + 𝛼3
Interpreting table 4, the null hypothesis suggesting that the impact of

F-statistic

0.25

governmental expenditures, Common-trends model 3, or the impact of subsidies,
Common-trends model 4, in general are the same, could not be rejected with any
significance. The F-statistic is, however, stronger in the governmental
expenditures model compared to the second subsidies model. The results of this

7

See section 3.6 for a detailed explanation of the common-trend assumption
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F-tests provide support for the common-trend assumption to be credible, in the
sense that the impact of expenditures on green electricity in general are the same
across countries if they would chose to not use a FIT or a TGC. The test is,
however, weak since it only includes three of nine countries used in this study and
should thus only be interpreted as a weak evidence for the credibility of the
common-trend assumption.

6. Conclusions & discussion
This paper provides evidence suggesting that if holding influencing background
factors constant, a TGC can be more cost-efficient than a FIT from a
governmental perspective. The results suggest that in general, a TGC can be up to
159% more cost-efficient than a FIT in its generating of green electricity. The
cost-efficiency differed depending on whether the variable of interest were
measured in terms of total governmental expenditure spent in the energy sector or
in pure subsidies, but both variables indicated results in favor for a TGC. The
cost-efficiency difference has been significantly established in terms of
governmental expenditures, but not in terms of subsidies. The findings in favor of
the TGC’s cost-efficiency can partly be explained by the quota that allocate some
of the costs to the utilizer. With a FIT, the government carries most of the
economic burden itself by subsidizing the marginal cost difference between
generators and utilizers in forms of tariffs. The results of this study are, however,
restricted in the sense that it does only provide information of each support
scheme’s cost-efficiency from a governmental perspective and do not consider
which policy regime that is most cost-efficient for the economy as a whole.
As previously pointed out, Finn, Dalen & Hagem (2012) have suggested that an
E.U.-wide TGC could cut expenditures by 70% in the sense that electricity
produced from renewable resources will be efficiently allocated and paid by those
countries limited in their natural resources. Finn, Dalen & Hagem (2012)
suggestion along with this study’s findings provide strong implications in favor
for a E.U.-wide TGC, in the sense that it is more cost-efficient from a
governmental perspective and that production of green electricity could be
distributed in a more efficient way and consequently increase cost-efficiency
further. If then taking Zhang & e.tl (2014) indications of the unsustainable costs
associated with a FIT and the authors suggestion of reducing the level of FIT’s,
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one should further consider the E.U.-wide TGC option. The biggest issue with the
TGC is, however, how to reduce the uncertainty to the same level as the FIT. If a
TGC in some way could offer long-term payments like the FIT, uncertainty would
most likely decrease. This is, however, not an issue that is unraveled from this
study but possibly something that should be further examined along with the
advantages and disadvantages of enforcing an E.U.-wide TGC option. However,
in order to establish the external validity of this study, further research should
investigate cost-efficiency differences between support schemes at larger scales
by including more countries in E.U.
Finally, one must emphasize the two largest threats to the two models’ internal
validity. The first threat is the assumption of no omitted variable bias. The
possibility of having omitted variable bias cannot fully be rejected. It is, however,
reduced with the fixed effects and the additional control variables. The second
threat is the possible presence of simultaneous causality. This study has, among
others, interpreted the jointly impact of the interaction variables and the
independent expenditure or subsidy variable. In order to have consistent estimates
of the independent expenditures/subsidies variables, the assumption of strict
exogeneity must hold. Since this is a strong assumption and it is possible that the
level of produced green electricity of one year influences the
expenditures/subsidies in several time periods, the estimated jointly impact should
be interpreted with caution. The estimated cost-efficiency differences, however,
are more likely to be consistent under the weaker common-trends assumption. The
F-tests made to test the common-trend assumption provides evidence in favor for
this assumption. The tests does, however, include few observations and only a
third of the investigated countries and should as mentioned before be seen rather
as implications than as proof. But there is however no discovered implications
that governments using a support scheme would have a different effect from
expenditures/subsidies than those not using a support scheme, if the country using
a support scheme would stop to use it. Thus, the internal validity of the
established cost-efficiency differences between a FIT and a TGC are more likely
to be consistent than the jointly estimates. With that said, the primary contribution
of this paper is the established implications of the cost-efficiency differences in
favor for a TGC.
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