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Abstract

The twenty-first century must see a decarbonisation of electricity production to mitigate the
flow of greenhouse gas emissions into the atmosphere. This paper presents an econometric
analysis of the factors that motivate the use of renewable energy in electricity production
using panel data from EU Member States during the period 2000-2015. The research extends
the literature in this area in several ways. Firstly, the econometric analysis is focused on the
electricity sector rather than on the overall primary energy supply, which also includes the
diverse heating and transport sectors. In addition, an alternative public policy variable is
proposed using the tax and levy component of electricity bills. Furthermore, an alternative
econometric approach is employed using a hybrid mixed effects estimator. The results of this
analysis are found to be broadly as expected, with mixed fossil fuel price effects; electricity
grid interconnection and higher levels of greenhouse gas emissions both motivate the
development of renewable electricity. Policy implications are that policy support for fossil
fuels should be ceased; electricity grid interconnections should be developed between
countries; and furthermore, levies on retail electricity prices to fund RE support schemes are

effective at promoting renewable electricity.
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1. Introduction

Climate change is a threat to mankind and the most recent studies indicate that ‘global net
human-caused emissions of carbon dioxide (CO.) would need to fall by about 45 per cent
from 2010 levels by 2030’ to limit the temperature rise to 1.5°C (IPCC, 2018).
Decarbonisation of the electricity sector, which is still mostly based on fossil fuels, will play
a vital role in achieving this goal (IEA, 2018). In the EU, the flow of greenhouse gas
emissions has been gradually decreasing since 1990, yet far greater reductions are required to
address the threat of climate change. Since 1997, the EU climate change framework has
required Member States to meet mandatory targets for renewable energy (RE), energy
efficiency improvements and CO» emissions. An EU-wide emissions trading scheme caps

power sector and large industrial plant CO> emissions.

This paper presents an empirical analysis of the factors which encourage the development
and use of RE in electricity production. Renewable electricity is crucial in its own right to
reducing emissions, mainly due to its auxiliary nature in other consumption sectors;
decarbonisation of the energy supply requires the electrification of both heating and transport,
but this transition would clearly not be worthwhile if electricity production itself remained

fossil fuel-based.

The OECD (2016) defines RE as the primary energy equivalent of hydropower (excluding
pumped water storage), geothermal, solar, wind, tide and wave, bio-liquids and biogases, and
the renewable fraction of municipal waste. Figure 1.1 illustrates the levels of electricity
generated from each of these sources in the EU since 1990 (Eurostat, 2018a). Bio-fuels and
particularly hydropower have traditionally contributed the bulk of RE to electricity
generation, but Figure 1.1 also indicates that wind power and solar power are becoming
increasingly important and have largely driven the increase in renewable electricity
generation in the EU. Hydropower continues to generate the largest share of renewable
electricity at 38 per cent in 2015, although wind power has seen its deployment quadrupled
between 2004 and 2015 and now contributes a third of the EU’s renewable electricity, while
solar photovoltaic reached 12 per cent of renewable electricity in 2015 (European

Commission, 2017).



Figure 1.1: Gross electricity generation from renewable energy sources in the EU, 1990-2016
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The European Commission (2017) states: ‘The promotion of renewable energy is an essential
part of EU energy policy.” The first RE target in 1997 required Member States to increase the
contribution of RE to energy consumption to 12 per cent by 2010 (Klessmann ef al., 2011). In
2001, the first renewable electricity target of 21 per cent by 2010 was set; this target was met
mostly with hydropower. The generation of renewable electricity increased over the period
1990-2015 by 203 per cent. An increase of 4 per cent was observed for 2015 alone, with
electricity generated from wind energy increasing by 19.3 per cent, indicating its increasing
importance to electricity generation as a renewable source of energy (Eurostat, 2017). EU
Member States were each required in 2009 to submit a National Renewable Energy Action
Plan which set out 2020 targets for the share of RE in the three energy sectors. The
Commission notes that the EU is ahead of its target trajectory for renewable electricity, with
renewable sources contributing 28.3 per cent of the EU’s electricity production in 2015

(European Commission, 2017). A more specific and legally binding Renewable Energy



Directive, agreed on by the Commission in June 2018, provisionally sets a new target of 32

per cent by 2030 for the share of RE in the energy supply (European Commission, 2018).

Table 1.1 illustrates the shares of non-hydropower RE in electricity production for the sample
of European countries included in our analysis for 2000 and 2015. Within the EU there is
considerable divergence in terms of deployment shares of non-hydropower renewable
electricity. For example, while all countries have observed some increase in renewable
electricity, the highest share of RE in electricity generation in 2015 was boasted by Denmark
with 60.7 per cent, whereas the corresponding figure for Ireland was 24.8 per cent and 6.1 per
cent in France (World Data Bank, 2018a). Such a level of divergence poses questions on the

influence of policy support in determining outcomes in RE deployment.

Table 1.1: Percentage contribution of renewable energy (excluding hydropower) to electricity production, 2000
and 2015

2000 2015
Country (%) (%)
Austria 2.67 16.49
Belgium 0.71 20.36
Bulgaria 0.00 6.31
Croatia 0.01 9.81
Czech Republic 0.72 9.68
Denmark 15.37 60.70
Estonia 0.15 14.14
Finland 12.46 19.10
France 0.57 6.13
Germany 2.40 27.43
Greece 0.84 17.63
Hungary 0.18 9.69
Ireland 1.43 24.80
Italy 2.47 23.40
Latvia 0.10 16.56
Lithuania 0.00 28.18
Luxembourg 11.61 23.52
Netherlands 3.16 12.28
Norway 0.20 1.88
Poland 0.16 12.69
Portugal 3.56 30.28
Romania 0.00 14.43
Slovak Republic 0.00 7.35



Slovenia 0.51 3.67

Spain 2.82 24.92
Sweden 3.14 16.30
United Kingdom 1.30 22.97

Source: World Data Bank (2018a)

This paper is motivated by the need to better understand the underlying factors driving RE
deployment, particularly in the power sector. By 2050, the European Commission expects
this sector to fully decarbonise through the generation of electricity from ‘renewable sources
such as wind, solar, water and biomass or other low-emission sources like nuclear power
plants or fossil fuel power stations equipped with carbon capture & storage technology’
(European Commission, 2018). Careful ex-post analysis of factors and policies that have
proven successful in driving higher than average shares of renewable electricity can help
policy makers and researchers design future policy pathways to decarbonise the electricity

sector.

We follow Carley (2009) and Kilinc-Ata (2016) in excluding hydropower from our
consideration of RE for two reasons. Firstly, Kilinc-Ata (2016) points out that hydropower is
generally not eligible for subsidies under RE support policies. Secondly, as illustrated in
Figure 1.1, hydropower is a more mature and established RE technology with much less
scope for wider deployment in the EU; while hydropower’s share of renewable electricity
stood at 38 per cent in 2015, this figure has fallen from 74 per cent in 2004 (European
Commission, 2017). Hydropower can only be developed by countries that are naturally
endowed with mountain terrain allowing for falling or fast-moving water, and it can be
argued that hydropower resources in EU countries are mostly already exploited. For the
purposes of increasing the share of RE in electricity generation, it is thus more instructive to
analyse the factors driving the development of RE sources other than hydropower. Despite
RE being a priority of EU policy, once hydropower is excluded renewable sources still only
make up a small percentage of electricity generation in the EU, at less than 20 per cent

electricity generation.

Carbon emissions from fossil fuels represent unpriced externalities that can contribute to
making RE relatively uncompetitive. In addition, during the early stages of diffusion of a new
RE technology in a country, RE is typically more expensive relative to conventional fossil
fuels. In such cases, public policy is clearly required to promote the development of RE. For
example, van Ruijven and van Vuuren (2009) find that in the absence of climate policy, the

preferred substitute energy source to natural gas in the electricity sector is coal, which is more
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carbon intensive. Borenstein (2012) argues that environmental externalities constitute the
largest market failure in energy markets, and that the Pigouvian approach of pricing those
externalities would be the most efficient method of eliminating that market failure. From a
theoretical point of view, Menanteau, Finon and Lamy (2003) argue that price-based policies,
such as feed-in tariffs (FITs), are more efficient than quantity-based policies, such as bidding
systems or green certificate trading with quotas, for achieving a higher installed capacity of
RE although a quantity-based approach would clearly be favoured from a cost-control
perspective. An assessment of the impact of public policy is thus a crucial element of the

literature on RE development.

The objective of this paper is to examine the factors contributing to the deployment of non-
hydropower renewable sources of electricity. Our analysis is based on annual data from
Member States of the EU between 2000 and 2015 and follows a panel data approach. This
research offers three main innovations to contribute to existing literature. Firstly, the
empirical analysis focuses solely on the contribution of RE to electricity production instead
of to the total primary energy supply in the EU, thus omitting the heating and transport
sectors. Secondly, an alternative measure of the extent of public policy support for RE, based
on the tax and levy component of electricity prices, is proposed as a policy variable.
Furthermore, a hybrid mixed effects model (Schunck, 2013; Allison, 2009) is employed
instead of the fixed effects vector decomposition (FEVD) model used in the literature, which
has been subject to criticism in econometrics literature. This research also serves as an update
on previous research by utilising more recent data, a contribution which has been repeatedly

highlighted in the literature as crucial in the relatively new and ever-evolving area of RE.

The remainder of this paper is organised as follows: a literature review of this topic is
outlined in Section 2; Section 3 describes the data and methodology employed in the analysis;
Section 4 reports and discusses the results of the empirical analysis; and finally, Section 5
concludes by suggesting policy implications of the analysis and areas requiring further

research.

2. Literature review



The diversity in national shares of RE deployment in EU Member States and in their policy
approaches has motivated a substantial literature on RE policy in recent years. Several
empirical studies analyse the drivers of the deployment of RE in the overall energy supply
(Aguirre and Ibikunle, 2014; Marques and Fuinhas, 2012; Johnstone, Hascic and Popp, 2010;
Marques, Fuinhas and Manso, 2010). Some studies employ RE consumption, rather than
deployment, as the dependent variable (Doytch and Narayan, 2016; Omri and Nguyen, 2014;
Salim and Rafiq, 2012). Others again focus on the use of RE in electricity generation rather
than the total energy supply, thus omitting RE in the heat and transport sectors in their
analysis (Kilinc-Ata, 2016; Lin, Omoju and Okonkwo, 2016; Polzin, Migendt, Taube and von
Flotow, 2015; Carley, 2009; Menz and Vachon, 2006).

Most of these empirical analyses adopt a panel data approach, generally using a fixed effect
vector decomposition (FEVD) model (Aguirre and Ibikunle, 2014; Marques et al., 2010;
Carley, 2009) or a panel-corrected standard errors (PCSE) model (Polzin et al., 2015;
Marques and Fuinhas, 2012). Kilinc-Ata (2016) instead employs a fixed effects estimator,
while Lin et al. (2016) opt for a time series approach using Chinese data. The FEVD
approach is criticised in econometrics literature as being ‘illusory’, however (Greene, 2011;
Breusch, Ward, Nguyen and Kompas, 2011); therefore, a contribution of this paper is to use a
hybrid mixed effects model (Schunck, 2013; Allison, 2009) to fill this gap. Empirical studies
on this topic predominantly analyse US data (Carley, 2009; Menz and Vachon, 2006),
European data (Marques and Fuinhas, 2012; Marques et al., 2010), or a combination of US,
European and OECD data (Kilinc-Ata, 2016; Polzin et al., 2015; Aguirre and Ibikunle, 2014).
This paper updates the previous analysis of the determinants of European RE with a more

recent time period of 2000-2015.

In specifying their estimation model, a range of parameters has been modelled with different
results. Most studies find CO; emissions to have a significant and positive effect on the
dependent variable (Aguirre and Ibikunle, 2014; Omri and Nguyen, 2014; Popp, Hascic and
Medhi, 2011), although Marques and Fuinhas (2012) and Marques et al. (2010) find this
effect to be negative. Aguirre and Ibikunle (2014) and Marques et al. (2010) suggest that CO»
emissions can be included in models of RE deployment as a proxy for environmental
concerns, although the link between emissions and environmental concerns is unclear. In
addition, including an emissions variable is further complicated by causality issues stemming
from the fact that the energy sector is itself a major contributor to CO> emissions and an
increase in the use of RE at the expense of more traditional, carbon-intensive energy sources

would be expected to reduce emissions, for example. Another common variable included in



this literature is the dependency on energy imports, although the results are ambiguous.
While Marques et al. (2010) argue that RE provides countries with an opportunity to develop
an indigenous energy supply and thus increase energy security, Aguirre and Ibikunle (2014)
find no significant effect, and Marques and Fuinhas (2012) find a negative effect. Some
models include the potential of a country for RE in terms of solar, wind or biomass potential;
Aguirre and Ibikunle (2014), for example, find that solar potential, but not wind potential,
significantly and positively affects RE development. They suggest that these divergent results
may be due to data limitations given the fact that the contribution of RE to the energy supply

is not disaggregated between technologies in the paper’s dataset.

The findings on the influence of coal, oil and natural gas prices on RE development are
mixed in the literature (Aguirre and Ibikunle, 2014; Marques and Fuinhas, 2012; Marques et
al., 2010). Aguirre and Ibikunle (2014) suggest that this may be due to fact that the models
employed in the studies may not be equipped to detect any consistent price effect, as such
effects tend to be over a longer time period than allowed for in the models. A more consistent
result is a significant and positive wealth or income effect on RE deployment (Lin et al.,
2016; Salim and Rafiqg, 2012; Marques et al., 2010), which is unsurprising as higher levels of
wealth imply increased scope to meet the higher initial costs of these technologies. A
common result throughout the literature is that higher shares of fossil fuels in the energy
supply lead to less RE development. Aguirre and Ibikunle (2014) and Marques et al. (2010),
for example, suggest that this result indicates the presence of industrial lobbying on behalf of
coal, oil and natural gas which constrains the development of RE. The interpretation of this
result is questionable, however, as the share of fossil fuels would be expected to be
negatively correlated with the share of RE in the energy supply; the result may simply be
reflecting the fact that in many countries there is a nearly zero sum game between fossil fuels

and RE in the energy mix.

Some studies include measures of trade openness and foreign direct investment (FDI) in their
models of RE development. Results range from trade openness as a key driver of RE
development (Omri and Nguyen, 2014), to the effect of FDI being dependent on the type of
FDI and on the country’s income level (Doytch and Narayan, 2016), to trade openness and
FDI having a negative effect on the dependent variable (Lin et al., 2016). The effect of
improving technology on RE deployment, using patent data as a proxy, is found to be
positive but small relative to the effect of public policy (Popp et al., 2011; Johnstone et al.,
2010).



In terms of estimating the impact of policy on RE deployment, researchers have generally
included policy support as a variable in one of two ways: (i) the total number of policies in
force, either aggregated or disaggregated into categories (Aguirre and Ibikunle, 2014;
Marques and Fuinhas, 2012), and (ii) a dummy variable indicating the existence of a certain
policy (Kilinc-Ata, 2016; Popp et al., 2011). The overall effect of public policy that supports
RE is generally found to encourage RE development (Marques and Fuinhas, 2012). When the
RE policies are disaggregated, however, most policy types have an insignificant effect on the
dependent variable (Aguirre and Ibikunle, 2014; Marques and Fuinhas, 2012; Popp et al.,
2011; Johnstone et al., 2010; Carley, 2009). FITs appear to be the policy instrument most
consistently favoured across studies (Polzin ef al., 2015; Kilinc-Ata, 2014; Popp et al., 2011).
It should be pointed out, however, that the insignificance of most policy categories may be a
reflection of the use of imperfect policy variables, or the fact that some policies are only
employed in a few countries. This paper contributes to the literature by attempting to better
represent the level of RE policy support in our model by utilising a continuous variable of

electricity taxes and levies as a proxy.

Finally, examples of more qualitative contributions to the literature on public policy directed
at renewable electricity are found in Becker and Fischer (2013), Gan et al. (2007), van
Rooijen and van Wees (2006), Wang (2006), Menz (2005), Bird et al. (2005) and Reiche and
Bechberger (2004). These studies generally find that a package of different policy
instruments, such as FITs, which is complemented with clear, credible and consistent policy

objectives is the most effective policy approach for encouraging the use of RE.

3. Methodology
3.1 Data

We use annual data covering the EU-28 countries, with the exceptions of Cyprus and Malta,
which have only recently begun to deploy renewable electricity due to the structural
limitations of being small, island countries. Norway is added to the sample due to its high
level of electricity grid interconnection with EU members Sweden and Denmark, and also
due to its adherence to EU policy in the area of RE, to give a total of 27 countries. The period
of analysis is between 2000 and 2015, beginning when RE started to become a serious EU

policy objective and then exploiting the latest available data to give 432 observations.



The dependent variable is the natural log of the percentage contribution of RE to electricity
production (World Data Bank, 2018a), excluding hydropower as discussed in Section 1. The
relative price of other fuels, namely fossil fuels, may be expected to have an impact on the
use of RE in electricity production and thus is included in the model. If the price of coal, for
example, increases relative to the cost of RE, this may lead to a shift in competitiveness and
an increase in the use of RE as a substitute for coal. Following Aguirre and Ibikunle (2014)
and Marques et al. (2010), to capture any potential price effects the global prices of oil, coal
and natural gas are sourced from the BP Statistical Review of World Energy 2017 (BP,
2017). As Aguirre and Ibikunle (2014) point out, however, any such price effects may be
long-term due to the necessity for infrastructural change in order to substitute a fossil fuel
with RE in electricity production. To account for this, we also include the prices of coal, oil
and natural gas lagged by four years in our econometric analysis. Fuel prices are deflated to
2010 prices using the energy category of Eurostat’s (Eurostat, 2018b) Harmonised Index of
Consumer Prices (HICP) and are reported in US dollars.

We control for the structure of each country’s economy by including GDP per capita (World
Data Bank, 2018b), population growth (World Data Bank, 2018c) and the respective
percentage contributions of aggregated fossil fuels (World Data Bank, 2018d), nuclear power
(World Data Bank, 2018e) and hydropower (World Data Bank, 2018f). GDP per capita,
measured in 2010 US dollars, is included as a macroeconomic control variable with the
theory that a higher level of wealth can increase a country’s capacity to develop RE. As
populations of EU countries increase, it is also important to study the extent to which
countries are able to meet the consequent rise in electricity demand with RE. In the short-
term in particular, increases in electricity demand may be met by deploying marginal, fossil
fuel-burning power plants which are both highly inefficient and carbon-intensive. The
percentage contributions of other energy sources have also been included as variables
capturing the structure of different economies in the literature. These variables would be
expected to have a negative effect on the dependent variable, as an increase in the share of
fossil fuels, nuclear or hydropower in electricity production must be at the expense of the

share of other sources.

Imports (Eurostat, 2018c) and exports (Eurostat, 2018d) of electricity, measured in gigawatt-
hours, are combined and included as total electricity flow in the model as a measure of the
extent to which a country is interconnected with the electricity grids of neighbouring
countries. The utilisation of variable RE sources such as solar and wind can be significantly

improved with interconnection to neighbouring electricity systems. The availability of



interconnectors to import electricity during periods of low renewable electricity production
and to export excess renewable electricity in the absence of feasible storage could increase a
country’s capacity to incorporate RE into electricity production. This theoretically crucial
feature of a country’s electricity infrastructure has not yet received much attention in the
empirical economics and policy literature and is therefore included in the model. Another
measure of the interdependence of countries is trade openness, which is included using FDI
in the literature. Doytsch and Narayen (2016) suggest that multinational companies use
cleaner energy than domestic firms, and that higher levels of trade openness facilitate a
greater transfer, and consequent diffusion, of new RE technology; therefore it may be
informative to assess the extent to which this applies to EU countries, where many
multinational companies originate and from where new RE technology is transferred.
Following the literature, the net inflow of FDI is measured as a percentage of total GDP in
our model and captures the relative importance of FDI to the economy (World Data Bank,

2018g).

We include greenhouse gas emissions (Eurostat, 2018e) as a proxy for the influence of
environmental concerns on the development and use of RE, based on an argument by Aguirre
and Ibikunle (2014) and Marques et al. (2010) that a high level of emissions may increase
public acceptance of RE, or increase pressure on policy-makers to develop RE. To avoid
problems of causality resulting from the electricity production sector itself making a
significant contribution to a country’s emissions, greenhouse gas emissions from the
electricity production sector are excluded from our emissions variable, which is measured in
tonnes per capita. We also lag this emissions variable by one year, as the level of emissions in
one year may be expected to have an impact on the contribution of renewable electricity in
the following year. A country’s RE potential, assumed to be constant over time, is
constructed using solar power potential (World Bank Group, 2018a) and wind power
potential (World Bank Group, 2018b). The chosen measure for solar potential is the average
global horizontal irradiation in a country, measured in kilowatt-hours per square metre. In the
case of wind potential, the wind power available in the windiest tenth of the country in terms
of area is measured in watts per square metre. As the dependent variable is not segregated
between different RE sources other than to exclude hydropower, solar potential and wind
potential are added to give one variable in the model in watts per square metre. It is generally
expected that a higher level of RE potential would lead to a higher contribution of RE in

electricity production, as more power is available for exploitation.
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The impact of public policy designed to support RE on its use in the energy supply is
discussed extensively in the literature, and some econometric models include various
imperfect measures of this support, mainly using the number of policies in force. We propose
an alternative approach to represent the extent of RE policy in EU countries. The Council of
European Energy Regulators (2017) points out that there are two key tools employed by
countries to finance RE support schemes: general taxation, and a levy component of
electricity bills paid by consumers, with the latter approach being used by 20 out of 28 EU
countries. A case study of the financing of RE support schemes through a levy on electricity
prices in Ireland is presented in an online appendix to highlight this point. For the purposes of
a public policy explanatory variable, we use the tax and levy component of electricity prices
(Eurostat, 2018f) as a quantitative measure of the value of the policy support for RE rather
than including dummy variables for different policy instruments or an accumulated number
of active policies under various categories as is done by others. One drawback of this
approach is that the support of RE is not the only use of the tax and levy component of
electricity prices; other elements of this component include: (i) levies to fund capacity
payments or the support of nuclear energy in some countries, and (ii) taxes such as value-
added tax (VAT) and excise duty. To mitigate this drawback in the absence of more detailed
data for our period of analysis, we deduct VAT and excise duty on electricity prices from the
tax and levy value, and transform the resulting variable into its growth form. We assume
implicitly that any increase in levies on electricity prices, once VAT and excise duties are
excluded, is driven by an increase in the level of support afforded to RE during our period of
analysis. These prices are also deflated to 2010 prices using the energy category of the HICP
(Eurostat, 2018b) and converted to US dollars for consistency with our price variables. Table

3.1 provides the summary statistics for the variables in our model.
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Table 3.1: Variables and descriptive statistics

Standard

Variable Description Source Observations Mean deviation Minimum Maximum

Renewable share ~ Contribution of renewable energy World Data Bank 432 7.43 8.63 0.00 60.70
excluding hydropower to electricity
production (%)

Oil price Crude oil price (2010 US$ per BP Statistical Review of 432 68.59 21.94 36.28 99.90
barrel) * World Energy 2017

Gas price Natural gas price (2010 US$ per BP Statistical Review of 432 6.82 2.05 3.54 10.98
million btu) * World Energy 2017

Coal price Coal price (2010 US$ per tonne) ¥  BP Statistical Review of 432 78.87 25.65 47.20 150.18

World Energy 2017

Interconnection Electricity imports plus electricity Eurostat 432 24127.11 22519.33 240.00 122298.00
exports (GWh)

Fossil fuel share Contribution of fossil fuels to World Data Bank 432 53.53 27.62 0.20 99.79
electricity generation (%)

Nuclear share Contribution of nuclear energy to World Data Bank 432 19.90 23.60 0.00 82.24
electricity generation (%)

Hydro share Contribution of hydropower to World Data Bank 432 18.49 24.00 0.04 99.51
electricity generation (%)

Population growth  Population growth (%) World Data Bank 432 0.18 0.79 -2.85 2.89

GDP GDP per capita (2010 $) World Data Bank 432 33813.43 23455.56 4011.10 111968.40

12



Emissions Greenhouse gas emissions, Eurostat 432
excluding electricity production

sector (tonnes per capita)

FDI Foreign direct investment net World Data Bank 432
inflow (% of GDP)
RE potential Solar power potential plus wind World Bank Group 27

power potential (W per m?)
Tax Growth of tax and levy component ~ Eurostat 432
of electricity prices, excluding VAT
and excise duty (2010 US$ per
kWwh) *

0.01

6.86

704.88

0.08

0.00

16.28

269.99

0.36

0.00

-58.32

404.23

-0.84

0.02

252.31

1347.00

4.17

*Deflated to 2010 prices using the Energy category of the Harmonised Index of Consumer Prices.
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3.2 Methodology

As outlined in Section 2, Plumper and Troeger’s (2007) fixed effect vector decomposition
(FEVD) estimator is widely employed in the literature to empirically analyse RE
development. However, this method is criticised in the econometrics literature as ‘illusory’;
time-varying covariates produce identical results using a three-stage FEVD estimator as a
one-stage fixed effects (FE) estimator, and questions are raised on the ability of the estimator
to provide robust estimated coefficients of time-invariant variables (Greene, 2011; Breusch,
Ward, Nguyen and Kompas, 2011). This paper instead uses a hybrid mixed effects model
(Schunck, 2013; Allison, 2009) which builds on Mundlak’s (1978) correlated random effects
model by adding specification flexibility. Unlike a traditional fixed effects model, which
would allow for the consistent estimation of the effects of variables which vary within and
between countries but which would not estimate the effects of variables which only vary
between countries (i.e. time-invariant variables), this hybrid model allows for a
decomposition of the effects of covariates between both types of variables. This method is
considered appropriate given the potential significance of variables that vary across countries
as well as within countries, such as greenhouse gas emissions, in addition to variables that
only vary between countries, such as a country’s RE potential which is assumed to be time-

invariant. The model can thus be expressed as in Equation 3.1:
Inrenewable;; = a + P1Z; + Po(Xij — Xi) + BaXi + w + &

3.1)

In this model, Inrenewable;; is the dependent variable, the natural log of the contribution of

RE (excluding hydropower) to electricity production for country i in year j. We follow
Aguirre and Ibikunle (2014), Marques and Fuinhas (2012), Marques et al. (2010) and Carley
(2009), in using the natural log of the contribution of RE to electricity production to measure
RE development, as this avoids bias and inconsistency in estimates stemming from the
skewed distribution of the dependent variable in level form. Alternative methods suggested
(but ultimately overlooked) in the literature include measuring the replacement of traditional
energy sources with RE in electricity production or measuring the total production of
renewable electricity (Marques et al., 2010). The problem of taking the natural log of a
percentage which could have a value of zero is avoided by omitting Cyprus and Malta, two
small, geographically isolated countries which have only recently begun to deploy renewable

electricity compared with the rest of the EU.
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The error term in Equation 3.1 has been decomposed into a time-constant county-specific
effect, u;, and an independent and identically distributed random error, €;;. RE potential, the
variable which is constant over time and thus which does not vary within countries, is
represented by Z;. B; captures the standard random effect coefficient of RE potential in the
model. X;; represents a vector of all other variables in the model as they vary over time; these
are oil price, gas price, coal price, interconnection, fossil fuel share, nuclear share,
hydropower share, population growth, GDP per capita, emissions, FDI and growth in the
share of taxes in electricity prices. [, captures the within-country effect of the X variables on
the dependent variable, and 5 captures the between-country effect of these variables on the
dependent variable. Country-varying variables in the list of explanatory variables are
specified in the model as deviations from the country mean, and the country means of the

original X variables are then added to the model to capture between-country effects.

Additional models are also estimated to assess the robustness of the hybrid model’s results,
namely a panel-corrected standard errors (PCSE) model and a fixed effects (FE) model.
Polzin et al. (2015), Aguirre and Ibikunle (2014) and Marques and Fuinhas (2012) all employ
a PCSE model, which can avoid inefficient estimation of coefficients and biased standard
errors for panel data. The PCSE model allows for the assumption that disturbances are
heteroskedastic and contemporaneously correlated across panels for linear cross-sectional

time series models. The model can be described as in Equation 3.2:

i
Inrenewable;; = a + ZBiXU + &;
i=1

(3.2)

In Equation 3.2, as in the hybrid model, the dependent variable Inrenewable;; is the natural
log of the contribution of RE (excluding hydropower) to electricity production for country i
in year j. X;; is a vector of all explanatory variables: oil price, gas price, coal price,
interconnection, fossil fuel share, nuclear share, hydropower share, population growth, GDP
per capita, emissions, FDI, RE potential and growth in the share of taxes in electricity prices.

The PCSE estimator allows the error term ¢;; to be heteroskedastic, to be correlated across

countries and to follow a first-order autoregressive process.

Kilinc-Ata (2016), meanwhile, utilises an FE estimator, arguing that the unobserved

heterogeneity driving the share of RE in electricity production is relatively constant over

15



time, and can thus be treated as fixed effects. The estimation model is described in Equation

3.3:
Inrenewable;; = BX;j + u; + &;
(3.3)

The dependent variable Inrenewable;; is once again the natural log of the contribution of
RE (excluding hydropower) to electricity production for country i in year j, while X;;

represents a vector of all time-varying explanatory variables: oil price, gas price, coal price,
interconnection, fossil fuel share, nuclear share, hydropower share, population growth, GDP
per capita, emissions, FDI and growth in the share of taxes in electricity prices. As it is

assumed constant over time, the RE potential variable is omitted from the FE estimator. The

random country-specific unobserved effect is denoted by u;, while ¢;; is an idiosyncratic

error term. The FE estimator allows u; to be correlated with the regressors X;;, while

js
assuming the idiosyncratic error &;; is uncorrelated with X;;. Using a within FE estimator,
estimates for the f coefficients are found by applying a mean-differencing transformation to
Equation 3.3 which eliminates u;; this allows for the consistent estimation of the 8
coefficients even if the regressors are correlated with the country-specific time-invariant
unobserved effect, but does not allow for estimation of time invariant variables such as RE
potential. The assumption that &;; is independent and identically distributed is relaxed to give

cluster-robust standard errors.

This paper uses the Stata SE 15.0 statistical software package for the econometric analysis.
Following Aguirre and Ibikunle (2014), we conduct several pre-estimation specification tests
on the data. The Levin-Lin-Chu and Im-Pesaran-Shin tests examine the dataset for panel unit
roots; both tests set the null hypothesis as all individual countries having a unit root. The
Levin-Lin-Chu test sets homogeneity as the alternative hypothesis using residuals from a
pooled OLS estimation, while the alternative hypothesis in the Im-Pesaran-Shin test is
heterogeneity; this is done by averaging separate augmented Dickey-Fuller tests for each
cross section in the data, allowing for different orders of serial correlation. Levene’s test for
equal variances then determines the presence of heteroscedasticity using a null hypothesis of
homoscedasticity. Finally, serial autocorrelation is tested for using a Wooldridge test which
sets no serial correlation as the null hypothesis, while a Pesaran test looks for cross sectional
dependence, with cross sectional independence as the null hypothesis. Table 3.2 reports the

results of these tests.
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Table 3.2: Results of pre-estimation specification tests

Test Test statistic
Levin-Lin-Chu for panel unit roots (t*) -15.96%**
Im-Pesaran-Shin test for panel unit roots (W,) -4.95%**
Levene test for equal variances (/) 10.10%**
Wooldridge test for serial autocorrelation (F(1,28)) 169.36%**
Pesaran test for cross-sectional dependence 65.66%**

*** denotes significance at the 1% level.
** denotes significance at the 5% level.

* denotes significance at the 10% level.

The results of these specification tests are similar to the results reported in Aguirre and
Ibikunle (2014). Both panel unit root tests, conducted using three lags, indicate stationarity by
rejecting the null of unit roots. Levene’s test for the equality of variances also rejects the null,
implying the presence of heteroscedasticity. First-order autocorrelation is detected by the

Wooldridge test, and the Pesaran test reports cross-sectional dependence.

4. Results and Discussion

The results from estimating the hybrid mixed effects model, the PCSE model and the FE
model are reported in Table 4.1, while Table 4.2 presents point elasticities calculated at
variable means based on the PCSE model.! Estimated coefficients for the hybrid model are
segregated between standard random effects, within-country effects, and between-country
effects. As illustrated in Table 4.1, the significance and direction of the coefficients are

broadly similar between the hybrid and PCSE estimators, indicating robust results.

! We calculate point elasticities based on the PCSE model instead of the hybrid model due to uncertainty in
econometric literature on the interpretation of elasticities of within- and between-effects. Schunck (2013)
provides some discussion on pitfalls in the application of hybrid models when including interactions.
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Table 4.1: Estimation results from hybrid mixed effects model, PCSE model and FE model

In(renewable share)

Hybrid mixed effects coefficient

Panel-corrected

standard errors

Fixed effect coefficient

coefficient
Random effect Within-country effect Between-country effect
Oil price « 0.02%** 0.02%** 0.02%**
(0.01) (0.01) (0.01)
Oil price 14 0.06%** 0.03%** 0.06%**
(0.01) (0.01) (0.02)
Gas price 0.09 0.05 0.09%*
(0.07) (0.05) (0.04)
Gas price 14 -0.01 0.15%* -0.01
(0.07) (0.07) (0.04)
Coal price -0.01 -6.12 x 10 -0.01%**
(0.00) (0.00) (0.00)
Coal price 14 -0.02%** -0.02%** -0.02%**
(0.01) (0.01) (0.00)
Interconnection 3.43x 10 * 1.60 x 1075 ** 2.95 x 1073 *** 543 x 107
(0.00) (0.00) (0.00) (0.00)
Fossil fuel share ¢ -0.01 -0.11%%* -0.10%%* -0.01
(0.02) (0.03) (0.02) (0.04)
Nuclear share ¢ -0.05%* -0.12%%* -0.11%%* -0.05*
(0.02) (0.03) (0.02) (0.03)
Hydro share 0.06* -0.11#** -0.10%** 0.06
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(0.03) (0.03) (0.03) (0.06)
Population growth ¢ 0.16 1.92%** -0.24 0.16
(0.19) (0.53) (0.20) (0.35)
GDP ¢ 1.14x 107 8.93 x 107 5.06 x 1075 ** 1.14x 107
(0.00) (0.00) (0.00) (0.00)
Emissions t.1 492.17%** -162.72%* 171.89%** 492.17%**
(96.13) (92.40) (59.47) (172.15)
FDI -3.12x 1073 -4.75x 1073 -6.80 x 10 -3.12x 1073
(0.01) (0.04) (0.00) (0.00)
RE potential « -9.82x 10+ -1.16 x 1073
(0.00) (0.00)
Tax ¢ 0.25 5.40%* 0.10 0.25
(0.21) (1.95) (0.07) (0.17)
Observations 432 432 432
Wald 2 505.42%** 93.11%**
F-statistic 31.45%**

Standard errors are reported in parentheses.
*** denotes significance at the 1% level.
** denotes significance at the 5% level.

* denotes significance at the 10% level.




Table 4.2: Point elasticities calculated at variable means with respect to dependent variable, based on PCSE

model
In(renewable share) Point elasticity at variable mean
Oil price 1.30%***
(0.45)
Oil price 14 1.35%*
(0.51)
Gas price 0.24
(0.26)
Gas price 14 -0.65%*
(0.29)
Coal price ¢ -0.04
(0.24)
Coal price 4 -1.34%%*
(0.37)
Interconnection ¢ 0.55%**
(0.13)
Fossil fuel share -3.96%**
(1.16)
Nuclear share ¢ -1.73%**
(1.44)
Hydro share -1.36%*
(0.48)
Population growth ¢ -0.03
(0.03)
GDP 1.32%*
(0.50)
Emissions t.1 0.87%**
(0.31)
FDI ¢ -3.61x 103
(0.01)
RE potential ¢ -0.63
(0.67)
Tax 0.01
(0.00)

Standard errors are reported in parentheses.
*** denotes significance at the 1% level.
** denotes significance at the 5% level.

* denotes significance at the 10% level.




In common with the literature on this topic, the results suggest mixed effects of fossil fuel
prices on RE deployment (Aguirre and Ibikunle, 2014; Marques and Fuinhas, 2012; Marques
et al., 2010). As global prices are utilised in this paper, the hybrid model does not estimate
between-country price effects. In terms of within-country effects, the effects of the price and
lagged price of oil are significantly positive across all three estimators and are supported by a
significant and positive elasticity. The effect of the lagged price of coal appears to have a
negative effect, however, while the effects of the prices of natural gas are not significant,
other than for the PCSE estimator where it is positive when lagged. Aguirre and Ibikunle
(2014) do not find any significant price effects, and Marques et al. (2010) report oil prices as
having a negative effect and gas prices as having a positive effect on RE deployment, the
opposite of the results of this analysis; these studies do not include lagged prices, however.
Our results suggest that RE is treated as a substitute energy source for oil, but not necessarily
for natural gas, for the purposes of electricity production. In many countries, gas is a
complement to RE, as it is used to fill the gaps in availability of the RE resource and
therefore this result makes sense. Contrary to expectations, a rise in the price of coal appears
to discourage the use of RE in the long term (four years) and may suggest a complementary
relationship also, however the size of the effect is relatively small. As is pointed out by
Aguirre and Ibikunle (2014), price effects on the share of RE in electricity production may be
more long-term than is allowed for in their models. While our analysis lags the price
variables by four years in an attempt to address this, it may be the case that over an even

longer time period, more consistent results across the literature could emerge.

The econometric literature analysing determinants of RE development does not focus on the
level of electricity grid interconnection. In this analysis, a positive coefficient for this
variable, measured by combining electricity imports and exports, is estimated and is
consistent across all estimators and supported by a significant elasticity of 0.55. This result is
as expected, indicating that electricity grid interconnection positively impacts the
incorporation of RE into electricity production. This can be explained by the need for a
flexible supply of electricity to accommodate variable sources of power such as solar and
wind. The ability of a country to export excess renewable electricity during periods of above
average supply, and to import electricity during periods of below average supply, increases
its capacity to incorporate RE into electricity production. Conversely, if a country’s
electricity grid is isolated from the grids of other countries, it is unable to develop renewable

electricity for reasons of supply security and unfeasible electricity storage. This result offers a
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clear implication to policy makers: electricity grid interconnection between countries should

be developed in order to maximise the potential use of renewable electricity.

One finding which is consistent throughout the literature is that higher shares of fossil fuels in
the energy supply inhibits the development of RE (Aguirre and Ibikunle, 2014; Marques and
Fuinhas, 2012; Marques et al., 2010). This reflects the negative correlation between the share
of fossil fuels and the share of RE, as an increase in RE’s share must reduce the share of other
energy sources. The impact of the fossil fuel variable, measuring the accumulated share of
coal, oil and natural gas in electricity production, on RE share is large and significantly
negative between countries, as is the point elasticity. It is suggested in the literature that this
relationship indicates the prevalence of a fossil fuel industrial lobby which inhibits the
development of RE in countries with high shares of fossil fuels in their energy supply,
although there is no evidence in our econometric analysis to support this theory. As expected,
a similar result is found for the share of hydropower in electricity production, and a negative
coefficient is also found for the share of nuclear energy across all estimators, again reflecting

the statistical relationship between these explanatory variables and the dependent variable.

In terms of national greenhouse gas emissions (excluding emissions from electricity
production and lagged by one year), the positive results presented in Table 4.1 along with a
significant elasticity of 0.87 concur with Aguirre and Ibikunle (2014), Omri and Nguyen
(2014) and Popp et al. (2011) in indicating that higher levels of emissions in other sectors
within countries encourage higher shares of RE in electricity production. Marques and
Fuinhas (2012) and Marques ef al. (2010) find that emissions have a negative effect on the
use of RE, but it may be that in more recent years a greater level of concern in the EU
regarding emissions has driven a shift towards RE. It may also be the case that the
coefficients of emissions variables in previous studies do not account for the issues of
causality if the emissions variable included emissions from electricity production. It should
be noted that the hybrid model only finds this effect to be significant within countries; a
sample incorporating countries outside the EU, with different beliefs, approaches to climate
change or levels of emissions to EU Member States, may be required to find a significant
effect between countries. However, the results do suggest that a country’s level of emissions

in other sectors matters to the development of RE.

Only our between-country hybrid model indicates a significant and positive effect of
population growth on the use of RE. While Aguirre and Ibikunle (2014) do not find any
significant effect of population growth on the dependent variable, this result can be viewed as

slightly surprising as population growth requires greater production of electricity, which in
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the short term may be met by increasing the use of fossil fuel-based power plants. This
between-country effect suggests that in the EU, larger countries have better developed RE
power and that perhaps increases in electricity generation to meet rising populations may
actually be met by RE sources. Public policy supporting renewable electricity, therefore, need
not be concerned about growing populations in EU Member States. In terms of the
macroeconomic control variable, the PCSE estimator indicates a significant positive effect of
GDP per capita on the dependent variable, along with a significant elasticity of 1.32; this is
unsurprising as a higher level of wealth increases a country’s capacity to develop RE (Lin et
al., 2016; Salim and Rafiq, 2012; Marques et al., 2010). The fact that this result is not
reflected by the hybrid estimator may be due to our sample being confined to EU Member
States; a sample including countries with substantially lower levels of wealth may produce
more robust results for the wealth variable. Furthermore, no significant effect is found for the
share of FDI in GDP. There is thus no evidence in our econometric analysis of EU Member
States in support of the hypothesis outlined by Doytch and Narayen (2016), whereby FDI can
facilitate a transfer of knowledge and a greater capacity for a country to diffuse new RE
technology. Doytch and Narayen (2016) find this effect to be dependent both on the type of
FDI and on a country’s income level, which may explain why no significant effect is found
among EU Member States in this research. EU countries are comparatively wealthier and
more developed than other countries, and much of the FDI which facilitates a transfer of

knowledge, innovation and technology in the area of RE originates in the EU.

We find no significant effect of RE potential (the combined wind and solar power potential)
on the dependent variable. It may be that a more detailed breakdown of the dependent
variable into specific RE sources is required to reveal the true effect of RE potential on the
use of renewable electricity. On the basis of our results, however, the deployment of
renewable electricity is not dependent on the solar and wind power potential of specific
countries. This requires further investigation, as it seems counterintuitive that the level of RE

potential would not influence RE deployment.

Finally, a significantly positive effect is found between countries for the policy variable, the
growth of the tax and levy component of consumer electricity bills. Such a result would be
hoped for as an indication of the overall success of public policy in encouraging the use of
renewable electricity. The result suggests that increased levies on electricity bills, which we
argue implies a greater level of public policy support for RE, encourages the use of renewable
electricity. No significant effect is found within countries however, or for either the PCSE or

FE estimators; this may indicate that between-country effects are masked by within-country
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effects in the latter estimators. Our hybrid estimator’s between-country result concurs with
Marques and Fuinhas (2012), who utilise the aggregate number of policies in force as a
policy variable, in terms of overall policy effectiveness. Aguirre and Ibikunle (2014), who
also use the number of active policies as a variable, find coefficients to be generally
insignificant when disaggregating between different policies. Kilinc-Ata (2016), meanwhile,
employs dummy variables for policy measures, finding certain policies such as FITs to be
more effective at supporting RE. Based on our hybrid model estimation, we suggest an
important policy implication that increasing levies on consumer electricity prices is an

effective tool for promoting the development of renewable electricity.

5. Conclusions and Policy Implications

The twenty-first century must see a decarbonisation of electricity production for there to be
any chance of reducing greenhouse gas emissions sufficiently to mitigate the adverse effects
of climate change (IEA, 2017). This paper seeks to contribute to this goal by presenting an
econometric analysis of the factors which motivate the use of RE in electricity production,

using data from EU Member States between 2000 and 2015.

In addition to exploiting more recent data, an important contribution in itself in the evolving
area of RE, this research offers three key innovations. Firstly, the econometric analysis is
focused on the electricity sector rather than on the overall primary energy supply, which
includes the diverse sectors of electricity, heating and transport. To this end, the contribution
of RE to electricity production is utilised as the dependent variable, with the more mature and
developed hydropower excluded to scrutinise newer RE technologies. Secondly, an
alternative public policy variable is proposed by using the tax and levy component of
electricity bills as a measure of the extent of public policy support for RE. This offers a more
quantitative measure of support than dummy variables or the accumulated number of policies
which are used in the literature. Furthermore, an alternative econometric approach is
employed in place of the FEVD estimator favoured in the literature on this topic but criticised
in econometric debates. A hybrid mixed effects estimator (Schunck, 2013; Allison, 2009) is
used instead, which allows for the estimation of effects both within and between countries for

panel data.
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The results of this analysis are found to be broadly as expected. In line with the literature, the
fossil fuel price effects on RE are mixed, while the shares of other energy sources in
electricity production negatively affect the dependent variable. The theory that electricity grid
interconnection increases a country’s capacity to develop RE is supported by the results,
while the hypothesis of FDI boosting RE development is not supported among the EU
Member States in our sample. While the absence of any significant effect suggests that FDI
does not boost renewable electricity development in EU countries, it also implies that
increased FDI has no negative effect on the share of RE in electricity production; this result
indicates that policy-makers in the EU need not be concerned about the effect of FDI on

renewable electricity deployment.

In contrast to some contributions to the literature, higher CO; emissions in other sectors are
found to motivate a shift towards RE. If the link between emissions levels and environmental
concerns suggested by the literature is accepted (Aguirre and Ibikunle, 2014; Marques et al.,
2010), it could be inferred that policy-makers should clearly link the development of
renewable electricity with a need to reduce greenhouse gas emissions to boost political will
and public acceptance for RE projects. A positive effect is also found for the alternative
public policy variable proposed by this paper, indicating that economic supports via
electricity taxes or levies are broadly successful in supporting the deployment of renewable

electricity.

These results suggest several key policy implications: given that one of the main reasons
behind the need for the development of renewable electricity is to decarbonise the energy
system, an obvious policy implication of these results is that for RE support schemes to be
most effective, public policy support for fossil fuels should be ceased?; electricity grid
interconnections should be developed between countries; EU policy-makers do not need to be
concerned about the effect of FDI on renewable electricity development; and furthermore,
increasing levies on consumer electricity prices to fund RE support schemes is effective at

promoting renewable electricity.

This paper focuses specifically on the electricity sector rather than on the primary energy
supply. A similar econometric analysis of the heating and transport sectors may also be
worthwhile given the diversity between the characteristics of all three energy sectors, subject

to data availability. Another potential avenue for further research is to further disaggregate

2 Such as the Public Service Obligation (PSO) levy supporting the generation of electricity from peat as well as
from RE in Ireland, as discussed in Appendix A.
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the contribution of RE into different technologies. We exclude hydropower from the
dependent variable as it is generally excluded from support schemes and is at a much later
stage of development than other RE technologies. However, the explanatory variables
employed in this analysis may have different effects on solar power compared to wind power
or biomass, and research using data which disaggregates these technologies may be
insightful. Finally, this econometric analysis is based on data from EU Member States;
subject to data availability, a similar analysis which incorporates countries at different stages
of development, with different levels of wealth or with different beliefs or approaches to

climate change may also prove instructive.

Acknowledgements

This research was supported in part by a research grant from Science Foundation Ireland
(SFI) under the SFI Strategic Partnership Programme Grant number SFI/15/SPP/E3125. The
authors would like to thank Professor Paul Devereux and Professor Kevin Denny for helpful

comments on the econometric approach.

26



References

Aguirre, Mariana and Gbenga Ibikunle. 2014. ‘Determinants of renewable energy growth: A
global sample analysis’. Energy Policy 69: 374-384.
http://dx.doi.org/10.1016/j.enpol.2014.02.036

Allison, Paul David. 2009. Fixed effects regression models. Sage, Los Angeles.

Becker, Bastian and Doris Fischer. 2013. ‘Promoting renewable electricity generation in
emerging economies’. Energy Policy 56: 446-455.
http://dx.doi.org/10.1016/j.enpol.2013.01.004

Bird, Lori, Mark Bolinger, Troy Gagliano, Ryan Wiser, Matthew Brown, Brian Parsons.
2005. ‘Policies and market factors driving wind power development in the United

States’. Energy Policy 33: 1397-1407. http://dx.doi.org/10.1016/j.enpol.2003.12.018

Borenstein, Severin. 2012. ‘The Private and Public Economics of Renewable Electricity
Generation’. Journal of Economic Perspectives 26 (1): 67-92.
http://dx.doi.org/10.1257/jep.26.1.67

[dataset] BP. 2017. BP Statistical Review of World Energy 2017. BP p.l.c., London.

Available at https://www.bp.com/en/global/corporate/energy-economics/statistical-

review-of-world-energy/downloads.html [accessed 26 March 2018].

Breusch, Trevor, Michael B. Ward, Hoa Thi Minh Nguyen and Tom Kompas. 2011. ‘On the
Fixed-Effects Vector Decomposition’. Political Analysis 19: 123-134.
http://dx.doi.org/10.1093/pan/mpr012

Carley, Sanya. 2009. ‘State renewable energy electricity policies: An empirical evaluation of
effectiveness’. Energy Policy 37: 3071-3081.
http://dx.doi.org/10.1016/j.enpol.2009.03.062

Commission for Regulation of Utilities. 2017. Public Service Obligation Levy 2017/18:
Decision Paper. Commission for Regulation of Utilities, Dublin. Available at
https://www.cru.ie/wp-content/uploads/2017/06/CER17241-PSO-Levy-2017-18-
Decision-Paper.pdf [accessed 26 July 2018].

Council of European Energy Regulators. 2017. Status Review of Renewable Support Schemes
in Europe. Council of European Energy Regulators, Brussels. Available at
https://www.ceer.eu/documents/104400/-/-/41df1bfe-d740-1835-9630-4e4cccaf8173
[accessed 25 July 2018].

27



Doytch, Nadia and Seema Narayan. 2016. ‘Does FDI influence renewable energy
consumption? An analysis of sectoral FDI impact on renewable and non-renewable
industrial energy consumption’. Energy Economics 54: 291-301.

http://dx.doi.org/10.1016/j.eneco0.2015.12.010

European Commission. 2018. ‘Europe leads the global clean energy transition: Commission
welcomes ambitious agreement on further renewable energy development in the EU’.
Statement, 14 June 2018. European Commission, Strasbourg. Available at
http://europa.cu/rapid/press-release STATEMENT-18-4155_en.htm [accessed 29
July 2018].

European Commission. 2017. ‘Report from the Commission to the European Parliament, the
Council, the European Economic and Social Committee and the Committee of the
Regions: Renewable Energy Progress Report’. European Commission, Brussels.
Available at https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:52017DC0057&qid=1488449105433 & from=EN
[accessed 29 July 2018].

[dataset] Eurostat. 2018a. ‘Supply, transformation and consumption of electricity — annual

data (nrg_105a)’. Available at https://ec.europa.eu/eurostat/web/products-datasets/-

/nrg_105a [accessed 21 June 2018].

[dataset] Eurostat. 2018b. ‘HICP (2015=100) — annual data (average index and rate of

change)’. Available at https://ec.europa.eu/eurostat/web/products-datasets/-

/prc_hicp_aind [accessed 19 June 2018].

[dataset] Eurostat. 2018c. ‘Imports — electricity — annual data’. Available at
https://ec.europa.eu/eurostat/web/products-datasets/-/nrg_125a [accessed 25 June

2018].

[dataset] Eurostat. 2018d. ‘Exports — electricity — annual data’. Available at
https://ec.europa.eu/eurostat/web/products-datasets/-/nrg_135a [accessed 25 June

2018].

[dataset] Eurostat. 2018e. ‘Greenhouse gas emissions by source sector (source: EEA)’.
Available at https://ec.europa.cu/eurostat/web/products-datasets/-/env_air_gge

[accessed 14 August 2018].

28



[dataset] Eurostat. 2018f. ‘Electricity price components for household consumers — annual
data’. Available at https://ec.europa.eu/eurostat/web/products-datasets/-

/nrg_pc_ 204 c [accessed 3 July 2018].

Eurostat. 2017. Energy, transport and environment indicators. Publications Office of the
European Union, Luxembourg. Available at
http://ec.europa.eu/eurostat/documents/3217494/8435375/KS-DK-17-001-EN-
N.pdf/18d1ecfd-acd8-4390-ade6-e11858d746da [accessed 29 July 2018].
http://dx.doi.org/10.2785/964100

Gan, Lin, Gunnar S. Eskeland, Hans H. Kolshus. 2007. ‘Green electricity market
development: Lessons from Europe and the US’. Energy Policy 35: 144-155.
http://dx.doi.org/10.1016/j.enpol.2005.10.008

Greene, William. 2011. ‘Fixed Effects Vector Decomposition: A Magical Solution to the
Problem of Time-Invariant Variables in Fixed Effects Models?’ Political Analysis 19:
135-146. http://dx.doi.org/10.1093/pan/mpq034

International Energy Agency. 2017. ‘Real world policy packages for sustainable energy
transitions: Shaping energy transition policies to fit national objectives and
constraints’. Insights Series. International Energy Agency, Paris. Available at

http://www.iea.org/publications/insights/insightpublications/Realworldpolicypackages

forsustainableenergytransitions.pdf [accessed 13 August 2018].

Intergovernmental Panel on Climate Change. 2018. Global warming of 1.5°C: An IPCC
Special Report on the impacts of global warming of 1.5°C above pre-industrial levels
and related global greenhouse gas emission pathways, in the context of strengthening
the global response to the threat of climate change, sustainable development, and
efforts to eradicate poverty. IPCC, Switzerland. Available at
http://www.ipcc.ch/pdf/special-reports/sr15/sr15_spm_final.pdf [accessed 21
November 2018].

Johnstone, Nick, Ivan Hascic and David Popp. 2010. ‘Renewable Energy Policies and
Technological Innovation: Evidence Based on Patent Counts’. Environmental

Resource Economics 45: 133-155. http://dx.doi.org/10.1007/s10640-009-9309-1

Kilinc-Ata, Nurcan. 2016. ‘The evaluation of renewable energy policies across EU countries
and US states: An econometric approach’. Energy for Sustainable Development 31:

&3-90. http://dx.doi.org/10.1016/.esd.2015.12.006

29



Klessmann, Corinna, Anne Held, Max Rathmann, Mario Ragwitz. 2011. ‘Status and
perspectives of renewable energy policy and deployment in the European Union —
What is needed to reach the 2020 targets?’ Energy Policy 39: 7637-7657.
http://dx.doi.org/10.1016/j.enpol.2011.08.038

Lin, Bogiang, Oluwasola E. Omoju and Jennifer U. Okonkwo. 2016. ‘Factors influencing

renewable electricity consumption in China’. Renewable and Sustainable Energy

Reviews 55: 687-696. http://dx.doi.org/10.1016/j.rser.2015.11.003

Marques, Antonio C. and José A. Fuinhas. 2012. ‘Are public policies towards renewables
successful? Evidence from European countries’. Renewable Energy 44: 109-118.

https://doi.org/10.1016/j.renene.2012.01.007

Marques, Antonio C., José A. Fuinhas and J. R. Pires Manso. 2010. ‘Motivations driving
renewable energy in European countries: A panel data approach’. Energy Policy 38:

6877-6885. https://doi.org/10.1016/1.enpol.2010.07.003

Menanteau, Philippe, Dominique Finon and Marie-Laure Lamy. 2003. ‘Price versus

quantities: choosing policies for promoting the development of renewable energy’.

Energy Policy 31: 799-812. http://dx.doi.org/10.1016/S0301-4215(02)00133-7

Menz, Fredric C. 2005. ‘Green electricity policies in the United States: case study’. Energy
Policy 33: 2398-2410. http://dx.doi.org/10.1016/j.enpol.2004.05.011

Menz, Fredric C. and Stephan Vachon. 2006. ‘The effectiveness of different policy regimes
for promoting wind power: Experiences from the states’. Energy Policy 34: 1786-
1796. http://dx.doi.org/10.1016/j.enpol.2004.12.018

Mundlak, Yair. 1978. ‘On the Pooling of Time Series and Cross Section Data’. Econometrica

46 (1): 69. http://dx.doi.org/10.2307/1913646

OECD. 2016. OECD Factbook 2015-2016: Economic, Environmental and Social Statistics.
OECD Publishing, Paris. Available at https://read.oecd-ilibrary.org/economics/oecd-
factbook-2015-2016_factbook-2015-en#pagel [accessed 29 July 2018].
http://dx.doi.org/10.1787/factbook-2015-en

Omri, Anis and Duc Khuong Nguyen. 2014. ‘On the determinants of renewable energy
consumption: International evidence’. Energy 72: 554-560.

http://dx.doi.org/10.1016/j.energy.2014.05.081

30



Polzin, Friedemann, Michael Migendt, Florian A. Taube, Paschen von Flotow. 2015. ‘Public
policy influence on renewable energy investments — A panel data study across OECD

countries’. Energy Policy 80: 98-111. http://dx.doi.org/10.1016/j.enpol.2015.01.026

Popp, David, Ivan Hascic and Neelakshi Medhi. 2011. ‘Technology and the diffusion of
renewable energy’. Energy Economics 33: 648-662.
https://doi.org/10.1016/j.eneco.2010.08.007

Reiche, Danyel and Mischa Bechberger. 2004. ‘Policy differences in the promotion of
renewable energies in the EU member states’. Energy Policy 32: 843-849.
http://dx.doi.org/10.1016/S0301-4215(02)00343-9

Salim, Ruhul A. and Shuddhasattwa Rafiq. 2012. ‘Why do some emerging economies
proactively accelerate the adoption of renewable energy?’ Energy Economics 34:

1051-1057. https://doi.org/10.1016/j.eneco.2011.08.015

Schunck, Reinhard. 2013. ‘Within and between estimates in random-effects models:
Advantages and drawbacks of correlated random effects and hybrid models’. The

Stata Journal 13 (1): 65-76.

Stern, Nicholas. 2008. ‘The Economics of Climate Change’. American Economic Review 98

(2): 1-37. http://dx.doi.org/10.1257/aer.98.2.1

Van Rooijen, Sascha N. M. and Mark T. van Wees. 2006. ‘Green electricity policies in the
Netherlands: an analysis of policy decisions’. Energy Policy 34: 60-71.
http://dx.doi.org/10.1016/j.enpol.2004.06.002

Van Ruijven, Bas and Detlef P. van Vuuren. 2009. ‘Oil and natural gas prices and greenhouse
gas emission mitigation’. Energy Policy 37: 4797-4808.
https://doi.org/10.1016/j.enpol.2009.06.037

Wang, Yan. 2006. ‘Renewable electricity in Sweden: an analysis of policy and regulations’.

Energy Policy 34: 1209-1220. http://dx.doi.org/10.1016/j.enpol.2004.10.018

World Bank Group. 2018a. ‘Global Solar Atlas’. Available at
https://globalsolaratlas.info/?c=11.609193.8.261719.,3 [accessed 20 June 2018].

World Bank Group. 2018b. ‘Global Wind Atlas 2.0’. Available at
https://globalwindatlas.info/ [accessed 20 June 2018].

31



[dataset] World Data Bank. 2018a. ‘Electricity production from renewable sources, excluding
hydroelectric (% of total)’. Available at
https://data.worldbank.org/indicator/EG.ELC.RNWX.ZS [accessed 7 July 2018].

[dataset] World Data Bank. 2018b. ‘GDP per capita (constant 2010 US$)’. Available at
https://data.worldbank.org/indicator/NY.GDP.PCAP.KD [accessed 25 June 2018].

[dataset] World Data Bank. 2018c. ‘Population growth (annual %)’. Available at
https://data.worldbank.org/indicator/SP.POP.GROW [accessed 28 June 2018].

[dataset] World Data Bank. 2018d. ‘Electricity production from oil, gas and coal sources (%
of total)’. Available at https://data.worldbank.org/indicator/EG.ELC.FOSL.ZS
[accessed 25 June 2018].

[dataset] World Data Bank. 2018e. ‘Electricity production from nuclear sources (% of total)’.
Available at https://data.worldbank.org/indicator/EG.ELC.NUCL.ZS [accessed 25
June 2018].

[dataset] World Data Bank. 2018f. ‘Electricity production from hydroelectric sources (% of
total)’. Available at https://data.worldbank.org/indicator/EG.ELC.HYRO.ZS
[accessed 28 June 2018].

[dataset] World Data Bank. 2018g. ‘Foreign direct investment, net inflows (% of GDP)’.
Available at https://data.worldbank.org/indicator/BX.KLT.DINV.WD.GD.ZS
[accessed 25 June 2018].

32



Appendix A: Case study — Public Service Obligation in Ireland

In Ireland, subsidies which support the use of RE in electricity production are funded by a
levy on the electricity prices paid by consumers. A Public Service Obligation (PSO) levy is
set annually by the Commission for Regulation of Utilities (CRU) and is charged to all
electricity customers. According to the CRU (2017), the purpose of the PSO levy is to
support national policy objectives in the area of RE, as well as the use of indigenous peat for
reasons of supply security. The levy is utilised to pay the difference between a set price
guaranteed to PSO-supported generators (i.e. generators which use RE or peat) and the
market price, thus subsidising the use of RE and peat. Government policy sets the level of
subsidy provided to PSO-supported generators, and the CRU then determines the size of the
levy and administers its support schemes within its Government mandate. Electricity
suppliers collect the levy from customers and then pass it on to EirGrid, Ireland’s electricity

transmission operator, which is responsible for paying out PSO-funded subsidies.

Several support schemes are financed by the PSO levy in Ireland. Long-term projects under
an Alternative Energy Requirement (AER) scheme launched in 1995 for onshore and
offshore wind are covered, along with three feed-in tariff (FIT) schemes. REFIT 1 was
launched in 2006 to support electricity generation from wind power, hydropower, biomass
and waste, and this was complemented in 2012 by REFIT 2 and 3. Two peat-burning plants,
West Offaly and Lough Ree, are also covered by the PSO levy, although this support is set to
be terminated at the end of 2019, leaving PSO support schemes to be directed solely on
renewable electricity generation (CRU, 2017).

Figure A1 illustrates that the tax and levy component of electricity prices in Ireland has been
gradually increasing since 2000, and it can be argued that this gradual increase is driven by
increases in the PSO levy due to the exclusion of VAT and excise duty from the data. The
CRU (2017) calculates that the PSO levy will increase by 20 per cent in 2018, with
households paying €1.79 more per month on electricity bills than in the previous year: ‘This
increase is mainly due to a significant growth in the level of renewable generation expected
to materialise in the next year’. The PSO levy for 2018 is calculated at €271.9 million, which
is a significant increase from €92 million in 2012, and this supports 3,317MW of renewable
electricity and 250MW of peat-fired electricity (CRU, 2017).
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Figure Al: Tax/levy component (excluding excise duty) of electricity prices in Ireland, 2000-2016

0.06

0.05

0.04

2010 US$/kWh 0.03

0.02
0.01
0
S & & b o & & O 0 O 9 B N>
L N F ) N L QNS RQJDNQJD QS
R R AROE AP PR

Source: Eurostat (2018f)

34



UCD CENTRE FOR ECONOMIC RESEARCH - RECENT WORKING PAPERS

WP17/29 Clemens C Struck: 'Labor Market Frictions, Investment and Capital
Flows' December 2017

WP18/01 Catalina Martinez and Sarah Parlane: 'On the Firms’ Decision to Hire
Academic Scientists' January 2018

WP18/02 David Madden: 'Changes in BMI in a Cohort of Irish Children: Some
Decompositions and Counterfactuals' January 2018

WP18/03 Guido Alfani and Cormac O Grada: 'Famine and Disease in Economic
History: A Summary Introduction' February 2018

WP18/04 Cormac O Grada: 'Notes on Guilds on the Eve of the French
Revoloution' February 2018

WP18/05 Martina Lawless and Zuzanna Studnicka: 'Old Firms and New Products:
Does Experience Increase Survival?' February 2018

WP18/06 John Cullinan, Kevin Denny and Darragh Flannery: 'A Distributional
Analysis of Upper Secondary School Performance' April 2018

WP18/07 Ronald B Davies and Rodolphe Desbordes: 'Export Processing Zones
and the Composition of Greenfield FDI' April 2018

WP18/08 Costanza Biavaschi, Michat Burzynski, Benjamin Elsner, Joél Machado:
'Taking the Skill Bias out of Global Migration' May 2018

WP18/09 Florian Buhlmann, Benjamin Elsner and Andreas Peichl: "Tax Refunds
and Income Manipulation - Evidence from the EITC' June 2018

WP18/10 Morgan Kelly and Cormac O Grada: 'Gravity and Migration before
Railways: Evidence from Parisian Prostitutes and Revolutionaries' June 2018
WP18/11 Kevin Denny: 'Basic Stata Graphics for Economics Students' July 2018
WP18/12 Ronald B Davies and Joseph Francois: 'Irexit: Making the Worst of a
Bad Situation' July 2018

WP18/13 Ronald B Davies: 'From China with Love: The Role of FDI from Third
Countries on EU Competition and R&D Activities' July 2018

WP18/14 Arnaud Chevalier, Benjamin Elsner, Andreas Lichter and Nico Pestel:
'Immigrant Voters, Taxation and the Size of the Welfare State' August 2018
WP18/15 Michael Spagat and Stijn van Weezel: 'On the Decline of War' August
2018

WP18/16 Stijn van Weezel: 'Apocalypse Now? - Climate Change and War in
Africa' August 2018

WP18/17 FM Kiernan: 'The Great Recession and Mental Health: the Effect of
Income Loss on the Psychological Health of Young Mothers' October 2018
WP18/18 Ronald B. Davies and Neill Killeen: "The Effect of Tax Treaties on Market
Based Finance: Evidence using Firm-Level Data' October 2018

WP18/19 George Sorg-Langhans, Clemens Struck, and Adnan Velic: Solving
Leontief's Paradox with Endogenous Growth Theory

WP18/20 Alan Fernihough, Cormac O Grada: Population and Poverty in Ireland on
the Eve of the Great Famine

WP18/21 Cormac O Grada: The Next World and the New World: Relief, Migration,
and the Great Irish Famine

WP18/22 Lisa Ryan, Sarah La Monaca, Linda Mastrandrea and Petr Spodniak:
'Harnessing Electricity Retail Tariffs to Support Climate Change Policy' December
2018

UCD Centre for Economic Research Email economics@ucd.ie




