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ANALYSISOF THE PROMOTION OF ONSHORE WIND ENERGY IN THE EU:
FEED-IN TARIFF OR RENEWABLE PORTFOLIO STANDARD?

ABSTRACT

This paper provides an empirical evaluation of feethriff and renewable portfolio standard
policies applied to onshore wind power in the EUe&r the period 2000-2014. It allows
policy-makers to know: a) if these policies haveually increased onshore wind generation
capacity compared to a scenario without regulasugports, b) which policy led to most
onshore wind generation capacity, c) the impagbadicy design elements on onshore wind
generation capacity. The results suggest that feelg-in tariff policies and their main policy
design elements (contract duration and tariff pricave significant impacts in terms of
installed capacity. The establishment of a mork-frise framework would be necessary in

renewable portfolio standard policies in ordemoréase investor confidence.

Keywords: wind energy, feed-in tariff policy, rensbe portfolio standard, empirical

assessment

1. Introduction

Solar and wind energy play a very important roleciimate change and energy security
issues, therefore in the development pathway tiangil,2]. Wind energy is considered the
most mature technology among new renewable techies@nd is now a prominent player in
the European Power System. It is able to suppl%0of European electricity needs [3].
Indeed, the EU wind energy industry was an earlygnavhich is now quite active outside
Europe. According to the European Commission [4éro%8% of European wind energy

companies do business outside the EU.

Regulatory options to encourage deployment of rafdésvenergies (RES-E) may be divided

into two large schemes: price-driven and quantityeth [5]. Price-driven mechanisms
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include the feed-in tariff, which establishes atixpayment per KWh of electricity produced
from renewable energy. So, producers of renewatdegy obtain remuneration based on a
pre-set price per kilowatt-hour (feed-in tariff) on the price of electricity established in the
wholesale electricity market plus an incentive. @me other hand,quantity-driven
mechanisms include bidding systems and tradable certificagstesns. Through bidding
systems, a call for renewable energy projects identyy governments for defined capacities.
With this mechanism, the winners of contracts abtaiguaranteed tariff for a specific time
period. In the case of negotiable green certifeapeoducers of renewable electricity receive
a certificate for each pre-defined unit of eleatyiproduced. Certificate prices are given by
the market.

Notwithstanding, Glachant and Henriot [6] recogrtisat the role of RES-E in the European

electricity markets is evolving in two directioresther they are isolated from market prices so
are receiving feed-in-tariffs, or they are integthtn the spot market and receive a premium
on top of the spot price set by this market. Teedtdtese price-based regulatory options have
become far more popular than quantity-based siesteghere renewable energy price is the

outcome, not the assumption, of the RES-E suppberme.

In this context, previous studies have mainly asedythe influence of price-based RES-E
support policies (feed-in tariff) on RES-E develapr[7,8]. This paper tries to contribute to
the empirical evidence by studying not only thesefffof the feed-in tariff policy but also of

quantity-based policies (quota system, also knosvreaewable portfolio standard) on RES-E

development.

Therefore, this paper makes a double contributiorstly, the two main RES-E polices are
considered together in the case of onshore windepoWhis production technology is chosen
because it has the largest installed base of arf§rREource [9]. Likewise, the feed-in tariff
(FIT) and renewable portfolio standard (RPS) areseh as the research focus because they
represent the main policies for promoting RES-Ehm EU [10,11]. However, other aspects
that may influence RES-E development —the maincgatiesign elements in both policies—
are analysed in this paper. As far as we know, tteye hardly been subject to quantitative
analysis, with the exception of Jenreal. [8] who only focus on FIT policies. Although the
choice of design elements in each policy is attlaasmportant for promoting RES-E as the
choice of specific policies, the literature hasueed on the study of RES-E support policies
[12]. Secondly, our paper analyses these issuasaolang and recent period of time in the

EU-28, 2000-2014, and also allows for testing gfoasible endogeneity problem, which is
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not taken into account in most of the previous isdThis approach offers robust and

guantitative evidence in this research field.
2. Literaturereview

Few studies have assessed the effectiveness ofERE@icies [8,13]. Table 1 shows an
overview of the literature that analyses this issaoially, the literature has mainly centred on
both qualitative and theoretical approaches. Is tbntext, Menanteaa al. [14] analysed the
efficiency of RES-E support policies based on @i@nd quantities in the EU from a
theoretical approach. Their results showed that Rile was more efficient than bidding
systems in the development of RES-E resources. &ifiiajen and Bilharz [15] developed a
gualitative analysis, for the German case, ovemptred 1990-2003, whose results indicated
that the FIT was effective in new RES-E capacityvali as in cost reduction. Ganhal. [16]
studied qualitatively the cases of Germany, thehdidinds, Sweden and the United States,
over the period 2002-2005. They concluded thastloeess of RES-E support policies comes
from the establishment of clear and coherent padi¢hat involve an increase in the market
share of RES-E in electricity generation and a cddo in RES-E costs —even when

government intervention is eliminated.

By means of case study methodology, Fromtlal. [7] found that the RES-E policy adopted
in Germany (FIT) prevented the necessary markemniies from ensuring the development
of cost-effective RES-E. Patlitzianas and Karageufi’] studied the progress of RES-E in
the new EU member states (Bulgaria, Cyprus, CzEskgnia, Hungary, Latvia, Lithuania,
Malta, Poland, Romania, Slovakia and Slovenia)r dlie period 2005-2009. The results of
their case study showed that FIT seemed to befaatigk instrument for developing RES-E
in those member states. Liao [18] concluded thaegunents have to adopt flexible policies
to achieve RES-E targets in different RES-E map{eses (undeveloped, developing and
developed markets) and therefore there was nopamom RES-E support policy. Mignon
and Bergek [19] showed that different investors mfuenced by different institutional
demands in Sweden and concluded that the designmoix policy is essential in order to

stimulate RES-E investment.

The main conclusion obtained from the qualitatinel aheoretical literature is that RES-E
policies are a main driver in the development ehal production technologies. Nevertheless,
empirical assessment of the effectiveness of REpBlEies is still scarce. Carley [20] studied



the impact of RES-E support policies on the contrdn of RES-E to energy supply in 50 US
states over the period 1998-2006 by means of alfeffect panel data methodology. The
results indicated that RES-E support policies waog a significant predictor of the

percentage of RES-E generation. Jeneerl. [8] analysed the effectiveness of FIT in
developing onshore wind and photovoltaic solar powe26 EU countries over the period

1992-2008. Using the same kind of methodologicgbragch, they concluded that the
interaction of electricity prices and productiorstoas well as policy design were the most

effective elements for developing RES-E.

Likewise, there is scarce empirical literature gsiglg the impact of specific RES-E support
policies (price versus quota mechanisms) on thesldpment of these clean production
technologies. Johnstonet al. [21] studied the effects of different public mids on
innovation in RES-E in 25 OECD countries over tleeigd 1978-2003. Their results showed
that different policies are effective for develapidifferent types of RES-E. Specifically, FIT
tended to encourage innovation in more costly teldgies, while quantity-based policies
were needed to encourage innovation in more cotygetechnologies. Shrimali and Kniefel
[22] analysed the effect of public policies on tevelopment of various RES-E sources in 50
US states over the period 1991-2007. By meandigéd-effect panel data model, they found
that clean energy funds and required green powtsrgpwere the most effective instruments
for developing all types of RES-E.

In the case of the EU, Marques and Fuinhas [23{listlthe effect of public policies
supporting RES-E in 23 member states on the uBRES-E over the period 1990-2007. Using
a panel corrected standard errors estimator, thegults showed that policies of
incentives/subsidies (including FIT) were signifitarivers of the use of clean production
technologies. Similar results were obtained by Dfrig using a panel data for 53 countries
over the period 2005-2009. Polzh al. [24] analysed the influence of public measures on
RES-E investments made by institutional investars ivariety of OECD countries over the
period 2000-2011. Using panel data methodologyy ttoeind that FITs were especially
relevant because they provided a more long-termrahdble signal to invest than quota

policies.

[Insert Table 1.0verview of the effectiveness of3RE support policies in the EU. Source:
Drawn up by the authors]



Finally, the majority of the previous empiricaleliiture does not consider policy design
features that influence the strength of RES-E stppalicies. Some studies used qualitative
analysis, such as Masini and Menichetti [25], weedisurveys to analyse behavioural factors
influencing RES-E investment. Their results showrezlrelevance of FIT policies as well as
their design features —tariff price and contraatation— for investment in RES-E. Similarly,
lychettiraet al. [26] studied the design elements of different RESolicies in the EU by
means of three learning methods and concludedhbag attributes needed to be harmonised
at EU level. As an exception, Jenrgeral. [8] considered tariff price, contract durationdan
digression rate in the FIT policies of 26 EU coigdr Their results showed the importance of
these variables for explaining the development BEHE, but they do not consider RPS in
their analysis. Our paper goes beyond this by dfyard and testing the significance of the
two main RES-E support policies and their attrisutethe EU.

The literature shows that there are important cefiees in both RES-E development and the
characteristics of RES-E policies between countaigs over time. Therefore, key issues for
policy-makers are to know: a) if RES-E policies éactually increased RES-E generation
capacity compared to a scenario without regulasmpports, b) which RES-E policy (based
on quantities or prices) led to most RES-E genematapacity, c) the impact of policy design
on RES-E generation capacity. Our contributiorhiliterature is an empirical assessment of
those three questions in the case of onshore womeépfor a long period of time in the EU-
28.

2.1. Statement of hypotheses

With the aim of promoting the development of wintergy, governmental intervention has
been essential to protect this clean productiohnelogy from competition by conventional
production technologies. Menantesial. [14], Patlitzianas and Karagounis [17] and Magjue
and Fuinhas [14], among others, show the importarfidelT policies to promote RES-E —
including wind energy— in the EU in terms of inktdlcapacity and electricity generation. On
the other hand, Shrimali and Kniefel [22] and Ed¢PF] emphasize the importance of RPS

based on its effectiveness to incentivise RES4Bearform of profit and certainty.

Taking into consideration the above-mentioned amnis) both FIT and RPS would provide
incentives to develop innovative technological sohs in wind energy that can be
economically viable. Thus, the following first hythesis is presented:



Hypothesis 1Wind support policies (FIT and RPS) result in the installation of onshore wind

capacity.

However, there may be remarkable differences incpalesign elements within the same
RES-E promotion policy. Therefore, the successadure of a specific policy might stem
from its particular design elements [13]. Masinddenichetti [25] and lychettiret al. [26]
indicate that a positive impact of tariff price andntract duration is expected on RES-E
installed capacity (including wind energy) as erfougcentives in terms of remuneration and
maintenance of contract duration are essentialeftsuring expansion. Thus, a positive
relationship between tariff price and contract tiorawas found by Jenner et al. [8] in FIT
policies, using panel data methodology.

Considering this argument, the following hypothesesproposed:

Hypothesis 2The higher the tariff price in FIT, the greater the onshore wind power installed

capacity.

Hypothesis 3The longer the contract duration in FIT, the greater the onshore wind power

installed capacity.

Scarce empirical evidence is also found regardoigydesign elements in RPS, again based
on qualitative analysis. Masini and Menichetti [[2ahd lychettiraet al. [26] identify
certificate prices and certificate validity lifeteras the main design elements of this policy.
They show that these variables should involve atigesmpact on RES-E installed capacity
as they reduce risk and therefore increase theataivdity of these generation plants. In
addition, Fischlein and Smith [28] also indicate tmportance of considering the certificate

award rate as this positively affects the expepteditability of wind generation plants.
Thus, the following hypotheses are tested:

Hypothesis 4The higher the certificate prices in RPS the greater the onshore wind power
installed capacity.

Hypothesis 5.The higher the award rates in RPS, the greater the onshore wind power

installed capacity.



Hypothesis 6The longer the certificate validity lifetime in RPS, the greater the onshore wind
power installed capacity.

3. Methodology

This section discusses the sample, the variabldshe methodology used in the empirical

assessment.
3.1. Sample

In order to carry out the empirical analydise Eurostat database was examined as well as
reports about the state of RES-E support policidhe EU [29,30] over the period 2000-2014
(28 countries, 449 observations). The analysistsstar 2000 as most of RES-E support
policies in the EU were adopted in the first yeafrghat decade. In order to avoid missing
values in the estimates and to have the same samplén all models, those cases for which
there was not information on any of the variablesrevnot considered. As a result, an
unbalanced panel of 27 countries and 284 obsensti@as obtained.

3.2. Variables

The literature shows RES-E installed capacity andridoution of RES-E energy to electricity
supply as the main dependent variables for measRIEBS-E development [23,31]. In this
study, wind installed capacity is considered asdéygendent variable because a key issue for
policy-makers is to know if wind energy support ipig@ls have actually increased wind
capacity beyond what would have happened in thiesemace [8]. More specifically, this
variable is measured as the electricity capacityonthore wind generators (in Mw)
(WIND_CAPACITY).

As RES-E support policies may influence wind insthlcapacity, this effect is taken into
account by creating three dummy variables: RESeption policyl (the non-existence of a
specific promotion policy in wind energy) (RES-E_IEX), RES-E promotion policy2 (RPS in
wind energy) (RES-E_POL2), and RES-E promotion gy8li (FIT in wind energy) (RES-

E_POL3)[11,13].

Likewise, the effects of the main policy designnedmts are considered in FIT and RPS
policies. Regarding FIT policies, tariff price aodntract duration variables were included in
the model. Tariff price refers to the price obtair®y a wind producer for electricity sold to



the grid (in Euros/MWh) in FIT observations andtheywise (TARIFF_PRICE): in the case
of premium tariffs, it is the bonus; for fixed-peidariffs, it is the amount of the tariff.
Contract duration is the duration of a FIT contract years and 0 otherwise
(TARIFF_DURATION).

Certificate prices, award rate and validity lifetirare considered the main design elements in
the model for RPS policy. Certificate prices are phices that are generally obtained through
a market mechanism (in Euros/MWh) in RPS policy wand energy and O otherwise
(QUOTA_PRICE). Award rate refers to the number eitificates awarded for wind
generators (in MWh) (QUOTA_AR). Certificate valgilifetime is the duration of a RPS
contract in years and 0 otherwise (QUOTA_DURATION).

Control variables are grouped in two categories: (i) political fast@nd (ii) socioeconomic

factors.

(i) Political factors. Empirical literature shows thlaé institutional framework as well as the
manner in which policy-makers operate have an impaenvironmental policy adoption and
on the achievement of their expected results [281232]. In this context, the variables of
dependency on energy imports and government conentttoward environmental policy are

introduced.

Dependency on energy imports refers to the extemthich an economy relies upon imports
in order to meet its energy needs (information iolet from Eurostat). It is calculated as net
imports divided by gross inland energy consump(ior®e) (IMPORTS). It is expected that a
country’s dependency on energy imports resultsighdr investment in its own renewable
sources in order to substitute energy imports eithal resources [33, 34].

Regarding government commitment toward environmerahlcy, environmental investment
made by the government (in Euros per capita) (GAILIRY) is considered. This variable is
expected to involve a greater green energy commitraad therefore higher wind energy
deployment [20,35].

(if) Socioeconomic factors. These factors are possikpdanatory variables for the type of
energy sources [36]. In this context, we introdpigee of oil, contribution of oil to electricity

generation, carbon dioxide emissions per capité edectricity energy consumption.



Price of oil is the Brent crude petroleum price lirrel obtained from the BP Statistical
Review of World Energy (Euros/barrel) (PRICE_OILHligher prices of conventional
production technologies, such as oil, are expeitidelad to greater use of RES-E [37,38] and

therefore to greater wind energy development.

The variable contribution of oil to electricity genation shows the percentage of oil in total
gross electricity supply (in %) from Eurostat (CORIBUTION_OIL). In order to determine
the impact of this variable on RES-E developmdng necessary to consider that the power
of interest groups associated with fossil energurcsgs may be an obstacle for the
development of RES-E [39]. Therefore, the contidou of oil to electricity generation is
expected to have negative effects on wind energgldpment.

Regarding carbon dioxide emissions per capita,waigable includes total emissions related
to the Kyoto Protocol (carbon dioxide -gOmethane -CH, nitrous oxide -Ng-, and the F-
gases hydro fluorocarbons, per fluorocarbons amphau hexafluoride -SF6-) divided by
population (tonnes of CQOequivalent per capita) from Eurostat (EMISSIONS)eenhouse
gas emissions are largely responsible for climhtage. Therefore it is expected that greater
amounts of greenhouse gas emissions means momtivesefor RES-E investments and

therefore more wind energy development [40,41].

Finally, electricity consumption per capita (MWlerpcapita) obtained from Eurostat was
considered (ELECT_CONSUMPTION). Electricity consuimp shows the energy needs of a
country. As these needs can be met either by RBBHy traditional fossil fuel sources or a
mix of traditional and clean production technolagielectricity consumption may have a
positive or a negative impact on RES-E (and pdertyiwind) development [36,39].

3.3. Model

In order to test the hypotheses proposed in theré¢tieal background, pooled OLS
regressions clustered at firm level are used Wwi¢hSTATAL2 prograrh In addition, in order

to control for endogeneity problems in the modetsppsed, explanatory and control
variables are lagged by one year. Initially, thessioility of employing a panel data
methodology, such as the two-step difference GMMiehalrawn up for dynamic panel data

models by Arellano and Bond [43], was considereowelver, as our number of countries is

! The cluster option also implies the estimatiomahifust standard errors.
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not so large, this methodology was not applied beedhe results would not be reliable as the

number of instruments would be larger than the remolb countries.

The two proposed models are as follows:

2014
Wind_Capaity, =a, + BX; + Y D, +¢
1=2000 [Model 1]

WIND_CAPACITY; =ag + 3, TARIFF_PRCE; + 5 TARIFF_DURATION. + ﬁsQUOTA_PRICEi +
|

2014
B4 QUOTA_AR; + B5QUOTA_DURATION + Zooth + £ [Model 2]

2014
where 3D, is a set of time dummy variables & ds the error term.

t=2000

4. Results

Table 2 shows the descriptive statistics while &abllists the correlation coefficients of the
variables used in the regression analyses. Althaoghe of the variables show a statistically
significant correlation, analysis of the varianc#ation factors (VIF) revealed no evidence of

multicollinearity as all of them remained under[40].
[Insert Table 2.Descriptive statistics. Source: Gehaboration]

Table 3 summarises the results of the regressialysas. Model 1 considers the effect of
RES-E promotion policies on the contribution of dienergy to electricity supply, while
Model 2 focuses on different policy design elemeAts explained in the variables section,
RES-E_POL is a qualitative variable that places BESupport polices in three possible
categories; thus, to make it operative, three dumramables are defined. However, in the
regression models it is only possible to add k-fhihies (in our case 2) because in the other
case the parameters cannot be estimated. Therdfieregsults are presented by combining
the dummies in pairs to understand what their aoeffts really mean. It is sufficient to state
the results of the combination of dummy RES-E_P@RPS in wind energy) and RES-
E_POL3 (FIT in wind energy) because the resultghef remaining combinations can be

deduced from the previous one.
[Insert Table 3.Correlation matrix. Source: Owrbelation]

The results of Model 1 support Hypothesis 1 thaaldshing that wind power support

policies (FIT and RPS) result in the installatioh amshore wind capacity. Feed-in tariff
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(RES-E_POL3) significantly increases onshore wiagbacity in comparison to the non-
existence of a specific promotion policy for windeegy (RES-E_POL1). These findings are
in line with other previous studies [11,17,23] tivadicate greater RES-E development with
FIT. However, the pairwise comparisons suggest ttteaak are no significant differences
between RPS (RES-E_POL2) and the non-existence dfpexific promotion policy

(RES_POL1). RPS (RES-E_POLZ2) increases but theaserin onshore wind capacity is not
statistically significant in comparison with the mexistence of a specific wind energy
promotion policy (RES-E_POL1). An explanation midjetin the higher risk for investors as
they do not have fixed payments so might refraamfinvestment [20,24,45]. Thus, this first

hypothesis is only confirmed partially.

However, contrary to Hypothesis 2 which states thathigher the tariff price in FIT, the
greater the onshore wind power installed capathty results suggest that a higher tariff price
obtained by an onshore wind generator when powaold to the grid (TARIFF_PRICE)
reduces onshore wind capacify=(-0.477;p = 0.002). The explanation might lie in the
regulatory uncertainty concerning this design elenj®,19]. Tariffs are frequently changed
in the annual legislation of member states on diénthange and energy efficiency issues. In
addition, if wind power is considered a mature picithn technology in the EU, investors

may have lower expectations in terms of maintaiigd tariff prices.

On the other hand, the results support Hypothesighi@h establishes that the longer the
contract duration in FIT, the greater the onshoiredvpower installed capacity. Thus, longer
duration of a FIT contract (TARIFF_DURATION) favauonshore wind capacit$y£ 0.454

p = 0.000). Although not shown, this policy desidangent is more stable with a duration
between 15 and 20 years for this production teauylin the EU. Similar results are

obtained using qualitative approaches [25,26].

Finally, the results do not support Hypothesishe ftigher the certificate prices in RPS, the
greater the onshore wind power installed capadiypothesis 5 (the higher the award rates
in RPS, the greater the onshore wind installed @gpaor Hypothesis 6 (the longer validity
lifetime for certificates in RPS, the greater onghwind installed capacity). They must be
rejected as certificate prices (QUOTA_PRICE), awatd (QUOTA_AR) and the duration of
an RPS contract (QUOTA_DURATION) are not statidhjcasignificant. These results
suggest that RPS design might not reduce investoior increase investor confidence in the

expected income stream [45].
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Regarding control variables, political factors sashIMPORTS and GOV_POLICY do not
seem to significantly influence the capacity of lmm® wind generators. However, some
socioeconomic factors seem to matter. More spedlicin line with other studies [37,39],
the results indicate that PRICE_OIL is positivelysaciated with onshore wind energy
capacity (in Model 1 and 2, respectiveby, 0.045p = 0.023;3= 0.054p = 0.057). Therefore,
the analysis suggests that higher oil prices pewttentives to substitute this traditional

energy source with onshore wind energy.

In addition, the findings indicate that electricityconsumption per capita
(ELECT_CONSUMPTION) has a negative impact on onshemd installed capacity (in
Models and 1 and = -7.028p = 0.063;p= -6.828p = 0.005). This result suggests that
larger electricity energy consumption needs aresopplied by wind energy but by other

alternative resources.

The analysis also indicates a negative effect efpdrcentage of oil in total gross electricity
supply (CONTRIBUTION_OIL) on wind capacity but oniy Model 2 and at a 10 per cent
level (3= -0.032p = 0.063). Therefore, the existence of industr@bblying (especially

relevant in the case of oil) might make it diffictd develop onshore wind energy [23].

In addition, the Model 1 suggests that the higlmer ¢arbon dioxide emissions per capita
(EMISSIONS), the larger the capacity of onshoredageneratorspe 0.336p = 0.097). This
result is in line with Jennet al. [8]. Greenhouse gas emissions might encouragerwisk of

cleaner production technologies, such as onshaord anergy.

Finally, regarding annual effects, dummy proxiesyears 2001 (in both models) and 2007
(in Model 1) are negative and significant. This me¢hat,ceteris paribus, in those cases the
specific year influenced the dependent variable different and negative way in comparison

with the situation existing in the reference ye@d@
[Insert Table 4. Linear regression analysis. Saubwen elaboration]
Robustness of model results
In order to establish the robustness of our resuts estimations are repeated using

additional measures, considering the FIT and RRBSsamples separately, and additional

estimations.
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First, Hypothesis 1 was tested by considering iddi@lly the FIT and RPS, respectively. It
must be emphasized that the number of observairoheth sub-samples is not large and

consequently it is necessary to be cautious whesrpreting the results. In any case, the
results are quite similar to those shown in Modeh2ZTable 4 for the whole sample of

countries.

Second, the models proposed (summarised in Tabilgedg estimated by considering the
contribution of wind energy to electricity supplgs a percentage of total gross electricity
supply (WIND_CONTRIBUTION), as thelependent variable, instead of the installed

capacity of wind energy. The results are similar.

Third, when the estimations (summarised in Tablaréd)repeated by considering IMPORTS,
CONTRIBUTION_OIL, and EMISSIONS only asndogenous variables (in which the

endogeneity problem is clearer), the results didvaoy significantly.

Fourth, as it might be necessary to consider alurgration in order to analyse the expansion
of onshore wind energy [27], the estimations wespented defining TARIFF_PRICE as
electricity market price plus bonus in the case@mium tariffs and QUOTA_PRICE as
electricity market price plus certificate priceqieTnew variable related to TARIFF_PRICE
turns out to be negative and significant at theekcgnt level f= -0.155, p-value = 0.046),
while the new variable related to QUOTA_PRICE pm¢sea positive coefficienf3E 0.066)

but is not statistically significant (p-value = 85). Thus, the results are the same as those

shown in Table 4 concerning policy prices.

Fifth, as the expansion of wind farm developmenghninvolve delays, two lags instead of
one were considered for the explanatory and comtnobles in order to have a longer period

of time. The results remained the same.

Finally, the initial models were repeated by coesitly alternatively differenproxies for the
control variables and, in all three cases, for the main explanatayiables the results
remained the same. More specifically, the oil praoed oil contribution variables were
substituted by the price of imported natural gasEurope (average import border price)
according to the World Bank (Euros/million BTU) (RFHE_GAS), and the contribution of gas
to electricity generation variable that shows tleecpntage of gas in total gross electricity
supply (in %) (CONTRIBUTION_GAS), respectively. Maver, regarding government
commitment toward environmental policy, the GOV_ROY variable was changed to
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environmental protection expenditure that consigeisonly environmental investments but
also environmental current expenditure and subsi@eEuros per capita) (GOV_POLICY2).
Finally, household electricity prices referringelectricity prices charged to final consumers
(in Euro/MWh) were considered instead of electyicbnsumption (ELECT_PRICES).

5. Discussion

RES-E is an essential concept for promoting a lave@n economy in the EU. In this context,
Directive 2009/28/EC [47] sets an overall policy tbe production and promotion of energy
from clean production technologies. It establisagdts objective that at least 20% of total
energy needs in the EU can be fulfilled by RES-E26%0. In order to reach this target, each
member state has to meet individual national targedt are established by the Directive in
terms of the starting-point and overall potent@ RES-E. Likewise, this legislation allows
member states to choose the RES-E support poletytkiey consider most suitable (price
mechanisms —FIT— or quota mechanisms —RPS, amohgrspt depending on their
characteristics.

In this paper, the relative effectiveness of the main RES-E support policies (FIT and RPS)
for promoting wind capacity in the EU is comparétie results show that FIT would give
better results than RPS policy in terms of insthlend capacity. FIT seems to involve a
more stable governmental commitment than RPS poli®sulting in higher reductions in
price and volume and a less framework involving lask, with the consequent incentive to

invest in onshore wind energy [48].

However, any support policy can fail if it does rive certain design elements. In this
context, the relative effectiveness of these issué®th policies is studied. The results of this
paper suggest the importance of tariff price amatreat duration in FIT for developing wind

energy capacity. A consistent commitment by goveminin the long-term is essential for

successful development of wind energy.

Nevertheless, the results indicate that neither RIBS its policy design elements are
significant for the development of wind energy aapa Uncertainty about the certificate

value affects the financial situation of investatso might refrain from investments [45].

Some strategic issues related to RES-E still nedxtsolved in the EU: the harmonisation of

national support policy, and infrastructure limitdn this context, the success of RES-E
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support policies largely depends on the credibditghese instruments for potential investors.
A first action to promote such credibility might bine establishment of a stable regulatory
framework to secure continuity of development irthbpromotion schemes. This would
require the same contract duration and certifigatelity in FIT and RPS respectively in each
member state [49]. Therefore, joint efforts for gamframework conditions might allow the
convergence of the different RES-E support poliois an optimal strategy based on the best

element design.

Another possible option might be to harmonise Fd§sthey are effective and cost-efficient
instruments for increasing RES-E generation andafdrieving environmental and security
targets [45]. Taking the successful factors of gupport policy as their basis, Murieizal.
[50] identify the incorporation of a modular premmuthat provides information and
transparency as an essential concept for creabhigyprobustness and eliminating political

uncertainty.

Finally, a certain tendency towards “bottom-up” wergence is being seen in the EU related
to how policy-makers design RES-E support poli¢eld. However, specific considerations
are necessary regarding not only the RES-E potenfiaeach country but also their
infrastructure limits. Various member states do Imate the required grid infrastructure to
correctly allow RES-E to develop and compete om tarms with conventional power
sources. Grid infrastructures have to considesfieeial characteristics of some RES-E plants
compared to traditional plants, such as intermitigeower output (as with wind power),

decentralisation or smaller plant size [52].
6. Conclusions

The development of RES-E is relevant for meetingrgy security, energy efficiency and
greenhouse gas emission reduction targets in theTlErefore, it is essential to establish
suitable RES-E support policies in the member stadeachieve the overall aims laid out in
the 2020 and 2050 EU Strategies.

This paper provides an empirical evaluation of Bhd RPS applied to onshore wind power

in the EU which might be useful for policy-makerkem designing RES-E support policies.

Our results suggest that FIT gave better resulterims of onshore wind installed capacity in
the EU-28 over the period 2000-2014. The analysiBcates that its main policy design
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elements (contract duration and tariff price) haignificant impacts on the development of
that clean production technology. However, policgkers should consider reducing

regulatory uncertainty about the tariff price wharacting such policies.

RPS and its main design elements (certificate priaerard rate and validity lifetime) do not
seem to have a significant impact on the developmieonshore wind energy in our analysis.
Policy-makers should consider establishing a mlefree framework to increase investor

confidence in their expected income stream.

Therefore, the EU should encourage the use of RIThé development of onshore wind
energy as it seems to be the most successful médnaathieving RES-E targets. Another
alternative would be to make a thorough, urgenterevof the design elements of RPS as
onshore wind technology is already mature in the EUs essential to detect the main
weaknesses of this policy and correct them in otdl@chieve energy efficiency and security

targets.
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