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ASSESSMENT OF ENERGY POLICIES TO PROMOTE PHOTOVOUTAGENERATION
IN THE EUROPEAN UNION

Abstract

Renewable energy is a focal point of discussiothenEuropean Union as clean production technologies
contribute to all three aims of energy policy (3@gu competitiveness and sustainability). This @ap
focuses on an empirical assessment of feed-irf & quota obligation policies as well as theiligyo
design elements applied to solar photovoltaic gna@rghe European Union over the period 2000-2014.
The results indicate that only feed-in tariff pglitas significant impacts in terms of installed
photovoltaic capacity. However, its main policy igeselements (tariff size and contract durationjeha
positive but not significant influence on the deehent of this clean production technology. Policy-
makers should consider the importance of redu@gglatory uncertainty about these parameters.

Keywords. Solar photovoltaic, energy policy, feed-in tarifiota obligation, empirical assessment.

1. Introduction

The World Commission on Environment and Developmestablished by the Resolution 38/161 of the
United Nations General Assembly in autumn 1983pdhiced the concept of sustainable development in
its ReportOur Common Future (better known as Brundtland Report). It is defirzesddevelopment that
meets the needs of the present generation without compromising the needs of future generations’ (World
Commission on Environment and Development [1], ¢ap, paragraph I). From the point view of the
needs of society, it is obvious that energy gemmras an aspect of major importance as it is resgs

for the development of any human activity. Therefdnow energy is produced and used, in terms of
efficiency, are vital issues as the existing resesirare limited and the necessities are increahiegto

the growth of world population and the developnutthe societies.

Thermal technologies, based on the use of fosslkfthave traditionally been the support of eleittri
energy generation with the consequent negativetsfien greenhouse gas emissions. Nowadays, actions
to combat climate change are especially relevaritheg are set in one of the seventeen objectives of
sustainable development of the Agenda 2030, adopyedvorld leaders in September 2015, which
formally entered into force on 1 January 2016.4drtipular, the seventh objective of the Agenda 2280
Sustainable Development establishes the obtainingffordable and clean energy with the aim of
“encouraging the transition to an affordable, reliable and sustainable energy system, in which it is
necessary to invest in renewable energy (RES-E) resources, to give priority to practices of high energy
performance and to adopt clean technologies and infrastructures’ (United Nations [2], p.2).

In this context, the European Union (EU) has adbpg@ce the beginning of the discussion, a rokebta
on promoting the change of the energy model, sisch & shown in the Directive 2011/77/CE of 27
September 2001 [3], which is modified later by Bieective 2009/28/CE of 23 April 2009 [4]. Both of
them make reference to the promotion of the usermrgy from renewable sources. Likewise, the
conclusions of the European Council 7224/1/07 [&klelish that the 20% of the final gross energy
consumption has to be supplied from renewable ssuas aim for 2020. More recently, an EU-wide
binding target for RES-E of at least 27% for 208@et in the EU [6]. These objectives involve intaot
challenges that can only be reached by developifegtere RES-E support policies and with specific
actions to get an improvement of energy efficieatthese sources [7,8].

In this context, solar sourcés‘one of the cleanest energy resources that does not compromise or add to

the global warming” (Solangiet al. [9], p. 2149) and it is characterized by havingreat future potential
[10]. In particular, in the field of electricity geration, solar photovoltaic (PV) emerges as aureso
with tremendous potential in all countries and la&s most prominent energy. In the EU-28, electricity
energy from renewable sources on the total gresgradity energy consumption was 27.5% in 2014 [11]
More specifically, in the period 2004-2014, the tritnution of solar PV on total electricity genermte
from renewable sources increased from 0.1% to 11v8ch allowed this technology to position itself
as the third most important renewable technologgewise, in this period, solar PV energy, togetiéh
wind and biomass, have been the technologies &t &xperienced greater relative growth [11].

Despite the importance of this production techngldbgere is scarce empirical evidence about thecedf
of RES-E support policies on installed solar PVazaly. Most of the literature is based on caseistud



and, therefore, it is necessary to improve our tstdading in this field with the aim to know which
specific policies (based on prices or on quotas)naore effective in the development of solar P\rgne
Furthermore, literature hardly considers the desigments of these policies (except the case afelen
al. [12] but it analyses only the case of feed-irifftamolicies). This issue is essential in orderpimlicy-
makers can know the main strengths and/or weaka@gseach policy and thus can establish, if ithis t
case, suggested improvements.

Therefore, in this context, the objective of thappr is to analyse the effects of the two main RES-
support policies in the EU: feed-in tariff (FIT) cGaguota obligation as well as their main policyiges
elements on the installed solar PV capacity inBble28 in the period 2000-2014.

The remainder of this paper is structured as fala®ection 2 presents the theoretical framewor&ti@e
3 discusses the sample, the variables and proplsasethodology. Section 4 shows the main results.
Section 5 provides a discussion of the resultsaliinSection 6 presents the main conclusions.

2. Theoretical framework

RES-E support policies can be considered as a kegept to promote the development of clean
production technologies and, thus, to achieve matiional environmental targets [13]. In this comtex
there is a certain unanimity about the importarfdel’® and green certificates with quota systemmam
RES-E energy support policies [14,15,16].

FIT are based on a fixed-price contract which iedeined by the public authorities for a certaimiq

of time. It represents the full price received bgdar PV energy producer for any KWh of electyicit
from solar PV system. Alternatively, this system && paid in the form of an additional premium.top

of the electricity market price (feed-in premiur@n the other hand, the functioning of green cedifs
with quota systems is based on the obligation ofdpcers, distributors or consumers to maintain a
specific quota of RES-E in their energy consumpti@hich is set previously by governments. In this
system, energy price is established by the agéatsparticipate in the program. The quota system is
known as quota obligation (or renewable portfolianslard) and it is mainly implemented by tradable
green certificates that represent the environmdgaéfit of the electricity generated from RES-E.

Despite the importance of solar PV energy to pr@rmistainable development, in the present EU's
Sustainable Development Strategy framework, thecarce literature that analyses the specificesffe
of the different support policies to promote thHisam production technology in the EU (see Table 1).

[Insert Table 1. Literature review about RES-E suppolicies and solar PV energy deployment in the
EU. Source: Own elaboration]

The methodology of case study has been amply usdtis topic. Campocciat al. [17] found the
importance of FIT policies in order to promote sd/ energy in the EU by analysing the cases of the
main four member states that have got the besttseisuthe promotion of solar PV and wind energy
(France, Germany, Italy and Spain). They emphasizeccase of Italy as the country that developed a
more effective support policy based on a FIT pglioywhich the owner of the solar PV system obtdine
a FIT for the whole produced electric energy anghgment for the part of electric energy sold to the
utility.

Dusonchet and Telaretti [18] studied the RES-E stpmolicies to solar PV in various western Eurapea
countries whose results showed that the same supplary could have different results as a conseqee

of its different implementation in various membeatss. So, the impact is very limited when tarifed

not cover expenses and even it could derive irntditioins, such as a low cap, the establishmentdafoed
number of guaranteed years regarding FIT valueocarthlé implementation of complicated administrative
procedures. Similar results are obtained by Dusetnelmd Telaretti [19] for the cases of 10 eastern
member states (Bulgaria, Czech Republic, Estonimgadry, Latvia, Lithuania, Poland, Romania, Slovak
Republic and Slovenia), in which only countrieshaéinough support actions to recover the investment
costs, in a reasonable time, have been charaadriza suitable development of solar PV energy.

Sarasa-Maestret al. [14] studied the development of solar PV systé@mten countries of the EU. Their
results showed that financial crisis created refiga lows with the consequent negative impact on
investor confidence. Regarding green certificatiesy suggested that this type of certificates weed
accepted by consumers who do not want to absotb totheir electricity bills.



Campocciaet al. [20] analysed the main differences in the esthbfient of FIT policies of six member
states (France, Germany, Greece, Italy, Spain lamdJK) which have been characterized by achieving
the best results in this clean production technalddey concluded that: a) ground-mounted solar PV
systems were not profitable in these member stategcept for the case of Greece-, b) ltaly has
established the most profitable solar PV suppartbfailding integrated solar PV systems and c) the
greatest profitability indexes have been obtairednfiember states with active net-metering and self-
consumption. However, in the case of Italy, Oraiid Di Gangi [25] highlighted that solar PV support
policy should be complemented with higher increasesix credit rates in order to promote investas
consequence of the reduction of electricity prices.

On the other hand, Sener and Fthenakis [21] fohadrhportance of establishing energy-policy mixes,
by analysing the cases of United States, GermahinaCand Japan, in order to obtain an effective and
efficient development of solar PV energy. The cambion of both policies result in reductions oflbot
solar technology and grid integration costs. SihilaSahu [22] analysed the effectiveness of suppor
policies of solar energy in the top ten global progts of this clean production technology (Germany,
Italy, Japan, Spain, USA, China, France, Belgiumedh Republic and Australia). They found that both
FIT and quota obligation have been essential fi bk solar projections of these countries.

Nevertheless, a more exhaustive empirical assesdrasrbeen hardly used in the assessment of sd@lar P
support policies. As exceptions, Jeneeal. [12] employed a panel data methodology from 12028 to
study the effectiveness of FIT policies on onsheoied and solar PV energy in 26 European countries.
Their method considered tariff size, contract daras well as electricity price and productiontdos
estimate the resulting return on investment. Tloemé that FIT policies have resulted in solar P¥rgg
development. However, this study analysed onlyrsBM support policies based on prices and not on
quantities.

Dusonchet and Telaretti [23] developed comparidmsed on economic indexes (net present value and
the internal rate of return) in France, Germanyéd8e, Italy and the UK. Their results suggestetttiea
future development of RES-E in the EU would be givey the establishment of self-consumption
regulatory systems. Bono and Giacomarra [24] pregos dynamic model to measure the technical
efficiency of solar PV sector in the EU in the peri1996-2010. Their results indicated that technica
efficiency was a consequence of the economic ariticab contexts as well as the specific adopted
political support policy. Therefore, they concludée necessity of strengthening the monitoringgaol
order to assess, in a suitable way, the differaece$ of the political arrangements.

As conclusion, we can establish that only someiastuldave been centred in the case of a specificypol
(FIT) (for example, [12] or [20]) and although somesearch has studied both solar PV energy support
policies -based on prices and quantities-, it does consider policy design features (for example,
[22,21,14]). Likewise, the majority of literaturbas been based on case study (for example,
[17,21,18,19], among others).

Therefore, it is necessary to deepen in this rebetmpic in order to identify which specific polihas
resulted in more installed solar PV capacity aslwelto know the impact of policy design in the
development of such a clean production technoldtyis essential to fulfil the targets related to
sustainable development as its potential continuto a major share of RES-E in the future of the E
[26].

Once literature has been reviewed in this reseamit, we proceed to the formulation of the hypstse
Firstly, it is necessary to consider that, with #im of reducing the difference between solar P¥rgn
cost and the cost of energy for conventional petida technologies, the development of solar PMasec
has been promoted by the establishment of bothosupplicies -FIT and quota system- in the lastadizsc
in the EU.

FIT has been the most used RES-E energy suppadyor all sizes of solar PV systems in the EU.
Experience shows that FIT policies have been éffecat stimulating the development of solar PV
energy. Thus, the establishment of guaranteedfiadixed periods of time can significantly re@ube
risks of investing in that production technology[P2]. Likewise, quota obligation based on tradable
green certificates allows solar PV energy plantseibcertificates in addition to the revenues freatling
electricity which provide an incentive for the deyinent of solar PV energy [23,22].

Taking into consideration these arguments, bothliggynsupport policies (FIT and quota system) would
offer enough incentives to develop solar PV enefdmyus, the first hypothesis is proposed as follows:

H1 FIT and quota obligation policies will positivedjfect the installation of solar PV energy capacity



Nevertheless, policy design elements are essdatiahintain investor confidence and therefore ttaiob

a well-functioning of each RES-E energy supporigyolA suitable design of both policies would deriv
in enough investment security and therefore inasarable return on investment which is especially
relevant to leverage significant capital amountssfdar PV energy deployment [27].

In order to reduce the risk of investing in solaf énergy plants, FIT policies should establish eyfou
payments to recover project costs as well as gtegatihem for the lifetime of the technology [28].
Therefore, tariff size and contract duration argeesial design elements in this support policy 329, A
positive relationship between tariff size and cactduration on installed solar PV capacity is expe as
these variables can positively influence investofidence [31,12].

Taking into account the above mentioned argumémtsfollowing hypotheses are proposed:
H2 The higher the tariff size in FIT, the greater ihstalled solar PV capacity.
H3 The longer the contract duration in FIT, the gee#lte installed solar PV capacity.

Regarding quota systems, this policy should offeough incentive in terms of remuneration and
certainty to ensure solar PV energy expansion [R€]Jageet al. (2008) [30] identify certificate prices
as main policy design element in quota obligatibhis variable should be sufficiently high to incsea
security of investments in case of fluctuationp€es. Likewise, certificate award rate is consédeas a
relevant policy design element in this RES-E suppgmiicy as it can positively influence investor
confidence [32]. Finally, time horizon is essentialguarantee future demand for solar PV energy as
quota obligation should be ensured to be in placeah enough long period of time in the future. A
positive impact of all these variables on solardhérgy is expected [31,29].

Considering the arguments posed in the previousgpaphs, the following hypotheses are proposed:

H4 The higher the certificate prices and electrigitices in quota obligation, the greater installethis
PV capacity.

H5 The higher the award rates in quota obligatioe,greater the installed solar PV capacity.

H6 The longer the time horizon of the quota obligatithe greater the installed solar PV capacity.

3. Sample, variables and methodology

3.1. Sample

To test the hypotheses presented above, we exarBimedtat database as well as reports about tte sta
of RES-E support policies in the EU over the perd®92-2014 (28 countries, 281 observations). The
analysis starts in 2000 as most RES-E energy stippbicies were implemented in the EU in the earfly
that decade. Those cases for which there was fwtniation on any of the variables were not consder

in the study in order to avoid missing values ia #stimates and to have the same sample size in all
models. As a result, we ended up with an unbalapeeél of 27 countries and 256 observations.

3.2. Measuring variables

3.2.1. Dependent variable

In this study, installed solar PV capacity is cdesed as the dependent variable [22,14]. The eaptan

is that policymakers should know if solar PV enesgypport policies have actually increased solar PV
capacity beyond what would have happened in thiegeace [12]. In this context, this variable is
measured as the electricity capacity of solar P&t@ngenerators (in MW) (PV_CAPACITY).

3.2.2. Explanatory variables

As RES-E energy support policies may influence th&talled capacity of this clean production
technology [24,20,12], this effect is taken inte@uant in the model by creating three dummy varigible

- RES-E energy promotion policyl that makes refeegeto the non-existence of a specific promotion
policy in solar PV energy (RES-E_POL1).

- RES-E energy promotion policy2, this is the &etse of a quota obligation in solar PV energy (RES
E_POL2).



- RES-E energy promotion policy3 which refers te thxistence of FIT in solar PV energy (RES-
E_POL3).

Besides, in order to assess the impact of diffepetity design elements, the main constituent teofs
FIT and quota obligation are included in the model.

More specifically, in FIT, tariff size and contragtiration are considered as the main design eleament
[12]. Tariff size makes reference to the price oted by a solar PV energy producer for electrisityd

to the grid (in Euros/MWh) in FIT observations @hdtherwise (TARIFF_SIZE). In the case of premium
tariffs, it is the electricity market price plustbonus. For fixed-price tariffs, it is the amoahthe tariff.

As solar PV energy schemes are diverse due td gemidunt differs with the size of the installatiotize
mean value of the each solar PV tariff acrossia# & considered in the model [12]. With regard to
contract duration, it is the duration of a FIT gawt in years and 0 otherwise (TARIFF_DURATION).

Regarding quota obligation, certificate prices able consider the prices obtained generally thraaugh
market mechanism (in Euros/MWh) together electriaharket prices (in Euros/MWh) in quota
obligation in solar PV energy and 0 otherwise (QWORPRICE). Electricity market prices are included
in certificate prices in order to consider all reratation to be able to analyse the expansion afr $&WV
energy [26]. Award rate makes reference to the raundf awarded certificates for solar PV energy
generators (in MWh) (QUOTA_AR). With regard to @nhorizon of the quota obligation, it is the
duration of a quota contract in years and 0 otle(QUOTA_HORIZON).

3.2.3. Control variables

Control variables refer to five categories: (i)tstirends of security of energy supply, (ii) enmineental
concern, (iii) conventional energy trends, (iv)attiity price trends, and (v) economic situation.

(i) State trends of security of energy supply. Defecy on energy imports and electricity energy
consumption variables are introduced in this catego

Dependency on energy imports makes reference tmei which an economy relies upon imports in
order to meet its energy needs (information obthiinem Eurostat). This variable is obtained front ne
imports divided by gross inland energy consump(inr®o) (IMPORTS). A positive relationship between
this variable and investment on renewable sourcakide expected in order to substitute energy mspo
by local resources [33,34].

Secondly, electricity energy consumption per capi(Wh per capita) was considered
(ELECT_CONSUMPTION) which was obtained from Eursostlectricity energy consumption makes
reference to the energy needs of a country. E&itstrenergy consumption could have a positive or a
negative impact on the RES-E and particularly darsBV energy development as energy needs can be
satisfied by either RES-E or by traditional fo$a#l sources or a mix of them [35,36].

(i) Environmental concern. In this context, gouaent commitment to environmental policy and carbon
dioxide emissions variables are included.

Regarding government commitment toward environmeptdicy, this variable is defined as the
environmental protection expenditure that consideos only environmental investments but also
environmental current expenditure and subsidiesE(inos per capita) (GOV_POLICY). According to
[37,38], a positive impact of this variable on RESnd particularly on solar PV energy developnignt

expected.

Besides, carbon dioxide emissions per capita imctathl emissions related to Kyoto Protocol dividbgd
population (tonnes of CO2 equivalent per capita)l]EMONS). A positive relationship between this
variable and RES-E investment incentives could yeeted as these emissions are largely responsible
for climate change, with consequent positive impactRES-E and particularly on solar PV energy
development [39,40].

(iif) Conventional energy trends. In this categopyice of gas and contribution of gas to electyicit
generation were introduced.

Price of gas is the average import border pric&unope obtained from the BP Statistical Review of
World Energy (Euros/million BTU) (GAS_ PRICE). A gitive relationship between prices of
conventional production technologies, such as gad,RES-E use and therefore RES-E and particularly
on solar PV energy development would be expectédti.

The variable contribution of gas to electricity geation shows the percentage of gas in total gross
electricity supply (in %) from Eurostat (GAS_CONBUTION). The expected impact of this variable



on RES-E (and particularly solar PV energy) develept could be associated to the power of interest
groups associated with fossil energy. They mayrbelstacle for the development of clean production
technologies [35].

(iv) As a proxy of electricity price trends, houséh electricity prices were considered, which make
reference to electricity prices charged to finahsumers (in Euro/MWh) (ELECT RETAIL_PRICES).
This variable may have a positive impact on RESk particularly on solar PV energy development as
higher electricity prices would make RES-E morenecoically feasible [38].

(v) Related to the economic situation, we focusedymss domestic product (GDP) (introduced in the
analysis in logarithms). A positive relationship éxpected between this variable and RES-E and
particularly on solar PV energy development [43].

3.3. Model

A pooled OLS regressions clustered on the firm lléveleveloped with STATA12 progrdmBesides,
explanatory and control variables are lagged byyaaa in order to control for endogeneity probléms
the models proposed. Although we considered thsilpiisy of employing a panel data methodology, for
example, a dynamic panel data model, the two-siftgrehce GMM model drawn up for dynamic panel
data models by [44] as our number of countrieotsso large, this methodology was not applied bseau
the results would not be reliable as the numbemsfruments would be larger than the number of
countries.

The pool OLS we run is as follows:

2014

PV_Capaciy; =a, + BX; + > D, +¢

t=2000
Where:
PV_CAPACITY is the dependent variable.

X denotes the explanatory and control variables,

2014
ZQ is a set of time dummy variables and

t=2000

& is the error term.

4. Results

Descriptive statistics and the correlation coeffits of the variables used in the regression agsilgsse
listed in Tables 2 and 3, respectively. Despite esayh the variables show a statistically significant
correlation, analysis of the variance inflationtéas (VIF) revealed no evidence of multicollinegrés
none of them remained above 10 [45].

[Insert Table 2. Descriptive statistics. Source:m®hkaboration]

[Insert Table 3. Correlation matrix. Source: Owabalration]

The results of the regression analyses are sumgndarisTable 4. Model 1 focuses on the effect of FES
energy support policies on the contribution of sd®¥ energy to electricity supply, while Model 2
considers the effect of different policy desigmedmts.

As in the variables section was described, RES-E._RBCa qualitative variable that puts the RES-E
energy support polices into three possible categpthus, to make it operative we define three dymm
variables. Nevertheless, it is only possible to kdddummies (in our case 2) in the regression nsoale
the parameters cannot be estimated in the other Tasis, we present our results combining the d@smi
into pairs to understand what their coefficientallye mean. It is enough to state the results of the

! Besides, cluster option also implies the estinmatibstandard robust errors.



combination of dummy RES-E_POL2 (quota obligatinrsolar PV energy) and RES-E_POL3 (FIT in
solar PV energy) as the results of the remaininglinations may be inferred from the previous one.

The results of Model 1 show that FIT (RES-E_POLgh#icantly increases solar PV energy capacity in
comparison to the non-existence of a specific RES¥ergy support policy (RES-E_POLL1). These results
are in line with [12,20] that suggest greater depelent of solar PV energy with FIT policies. Howegve
the pair wise comparisons show that there are gmifigiant differences between quota obligation (RES
E_POL2) and the non-existence of a specific RESiErgy support policy (RES-E_POL1). Quota
obligation (RES-E_POL2) increases solar PV eneapacity, although no statistically significantly, i
comparison to the non-existence of a specific s&drenergy support policy (RES-E_POL1). The
explanation can be given by greater risk for inmests they have to face not only risk relateddicp
parameters but market design parameters also woigldl limit investment [46,30]. Therefore, the firs
hypothesis proposed can be only confirmed partially

Hypothesis 2 must be rejected because a greaitéistae obtained by a solar PV energy generatoenvh
power is sold to the grid (TARIFF_SIZE) influenceslar PV energy capacity positively but non-
significantly. The regulatory uncertainty that rmaracterized this policy design element might axpl
the results obtained. Thus, tariff size has beeguiently changed in the legislation of member statith
the consequent uncertainty for investors aboutrtamtenance of the initial tariff size over time’[48].

Our results neither support Hypothesis 3 as higheation of a FIT contract (TARIFF_DURATION)
does not influence significantly onshore photovoltaolar capacity. This policy design element is
essential in FIT policies as the longer the penbduaranteed prices, the lower the cost of caf3al.
However, again the regulatory uncertainty about rifentenance of the contract duration could limit
investment decisions [49].

Nevertheless, Hypotheses 4 is supported as catéfiprices (QUOTA_PRICE) are statistically
significant ¢= 0.122 p = 0.000). The results suggest that @mtd prices, together with electricity
market prices, seem to be sufficiently high to éase security of investment in solar PV energysThi
finding is in line with [22,50].

Regarding Hypothesis 5 is rejected as award ratdQTA AR) does not turn out to be significant. Once
again the regulatory uncertainty about this poli@gign element in quota obligation might explaia th
obtained result [51]. Likewise, contrary to the pweed in Hypothesis 6, the results suggest thag¢atey
time horizon of the quota obligation (QUOTA_HORIZPMduces solar PV energy capacpy ¢0.144;

p = 0.000). An explanation might lie in that quotaligation would not be ensured to be in placesfor
enough long period of time in the future to secswklar PV energy investment. It is required thattgquo
systems ensure an enough level of RES-E demandaol@ng sufficient time horizon in order to be
effective [52,51]).

Regarding control variables, the results suppgrbsitive and significant influence of GAS_PRICE on
the dependent variable in both models (in Modehd Model 2, respectivelyj= 0.183 p = 0.0068=
0.120 p = 0.025) in line with other studies [42,3Bfis seems to suggest that greater gas pricegdpro
incentives to substitute this source of traditiograérgy with solar PV energy.

[Insert Table 4. Linear regression analysis. Sautaen elaboration]

In addition, our analyses revealed that dependemtyenergy imports (IMPORTS) and the country
economic situation (GDP) have a positive impacinastalled solar PV capacity (in Model35 0.010 p =
0.064;p= 0.315 p = 0.056, respectively). Therefore, gnredémendency on energy imports might favour
the investment on solar PV resources to substingzgy imports by local resources [33,34]. In addijt
countries with better economic situation might hawere resources to invest in clean production
technologies with the consequent positive effecsa@ar PV energy development [43].

With the aim of establishing the robustness ofrtsults obtained, our estimations employing addiitio
measures, considering the FIT and quota obligatidn samples separately, and additional estimations
were repeated.

First, the Hypotheses 1 and 2 were tested coneglandividually the FIT and quota obligation,
respectively. We stress that the number of obsensin both sub samples is not large and consdiguen
we must be cautious when interpreting the resMtwe specifically, in FIT subsample, TARIFF_SIZE
and TARIF_DURATION result in a statistically sigiifint increase of installed solar PV capacity.
Regarding quota obligation subsample, QUOTA_ _HORWZé&nd QUOTA_ AR have a negative and
positive impact respectively, both statisticallgrgficant, on installed solar PV capacity.



Second, the models proposed (summarised in Tableedg estimated considering contribution of PV
energy to electricity supply as a percentage @&l tgtoss electricity supply (PV_CONTRIBUTION) as
dependent variable, instead of capacity of solaeR&fgy to electricity supply. The results wereilsim

Third, when the estimations (summarized in Tablea® repeated considering only as endogenous
variables (those in which the endogeneity problermore clear) IMPORTS, CONTRIBUTION_GAS,
and EMISSIONS and the results did not vary sigaifity.

Fourth, the initial models are repeated considesitgynatively different proxies for the controlriables
and in all cases regarding the main explanatoryalbes the results remain be the same. More
specifically, GDP was substituted by GDP per catsides, regarding government commitment toward
environmental policy, GOV_POLICY variable was chadgby environmental investment made by
government (in Euros per capita) (GOV_POLICY2).

5. Discussion

RES-E has been characterized by being a focal pdidtscussion in energy policy of the EU as these
clean production technologies contribute to mifatof climate change by reducing greenhouse gas
emissions, achieving sustainable development anteging the environment [53]. In this sense, the
Directive 2009/28/EC [4] sets a binding target 62 final energy consumption from RES-E by 2020.
More recently, a new target of at least 27% oflfer@ergy consumption from RES-E by 2030 in the EU
has been implemented as part of the 2030 Energe8ir [54]. These regulations establish national
targets for each member state but give them endagibility to implement the RES-E support policy
that consider more suitable in function of theirtigalar national circumstances.

The relative effectiveness of the two main RES-Bpsut policies (FIT and quota obligation) for
promoting solar PV energy in the EU is comparedhis paper. The results suggest that FIT policies
would give better results than quota obligatiortesys in terms of installed solar PV capacity inEié

Nevertheless, the specific design of any RES-E etpmwlicy can be essential to obtain an efficiend
well-functioning of these policies as well as toimain investor confidence. In this sense, thetiada
effectiveness of the main design elements is studieboth policies. The results indicate that desig
elements of FIT policies are not significant fotasd®V energy deployment in terms of installed «itya
Uncertainty about the maintenance of tariff sizd aontract duration might reduce investor configenc
with the consequent negative impact on their imaesit decisions [28].

Regarding quota obligations, the results of thisgpasuggest the importance of both certificategsrignd
time horizon in quota obligations to develop séat energy capacity. The governmental commitment in
the long term with these design elements is esdetatiget a successful solar PV energy deployment
[55,56]. More specifically, the results suggest tieeessity of introducing changes in both time Zaori
and award rate of certificates in quota obligation®rder to obtain better results in terms of s&y
installed capacity.

The European Commission [53] establishes that REBiport schemes used in the EU have been, in
many cases, changed or revoked retroactively.slilted in a negative impact on investor confidence.
With the aim of reducing this problem, and in ortterensure that the 2030 target is met, the Europea
Commission published on 30 November 2016 a progosal revised renewable energy Directive [53].
This regulation considers the introduction of acfgtrinciples for RES-E support schemes, whiclotav

the deployment of clean production technologiesctware mainly based on:

- The development of a partial opening of RES-E suppchemes to cross-border participation
mandatory. It would ensure that investments carinfgdemented where potential and other
conditions are more favourable with the consequeduction of overall system costs and
support costs.

- The establishment of cost-effective RES-E suppciemes to facilitate a market-oriented and
Europeanised approach.

- The design of RES-E support schemes in a form tlwts not distort the functioning of
electricity markets. This might be achieved whemppgut is granted in addition to market
incomes.

- The deployment of RES-E should involve the lowestsible cost for consumers. For it, member
states should minimise the overall system costRES-E deployment by considering grid and



system development needs, the resulting energyantxhe potential of technologies in the long
term.

- RES-E support policies should be stable and aveédjuent changes. In this sense, the
introduction of changes affects capital financingts and project development costs. Therefore,
it is essential to promote cost-effective suppodligies and to ensure their financial
sustainability.

- Cooperation at all levels, bilaterally or multilesily, between member states in relation to RES-
E target is encouraged.

Therefore, the application of these characteristidsoth solar PV energy support policies (FIT audta
obligations) would reduce regulatory risks and hawgeat impact on solar PV project financing cost
therefore on propensity to invest [47].

6. Conclusions

RES-E seems to be an efficient and effective smiutbr sustainable development as these resouaces ¢
mitigate environmental impacts from energy systéisreducing greenhouse gas emissions. In this
context, a suitable design of RES-E support pdigeessential to create enough investor confidérate
promotes the investment in these clean producéiohrtologies.

This paper provides an empirical evaluation of Bl quota obligation applied to solar PV energthan
EU. The results suggest that FIT policies gaveebe#sults in terms of installed solar PV capatitthe
EU over the period 2000-2014. However, its maisigie elements (tariff size and contract duratiom) d
not seem to have a significant impact on the depént of this clean production technology. Policy-
makers should consider the importance of not clmngi revoking retroactively these design elemants
order not to increase regulatory uncertainty.

Regarding quota obligation, outstanding resultsohtained for certificate prices as this variabbgether
with electricity prices, seem to have significamipacts on the deployment of solar PV energy. Ia thi
policy, a revision of both award rates and timeizwr might be essential when enacting this polay t
obtain a suitable development of this clean pradndechnology.
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