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ABSTRACT

Keywords:

The increase seen in household electricity prices in the European Union over recent years was
strongly influenced by the regulation component. This paper focuses on an empirical assessment
of both supply-side and demand-side policies in the European Union over the period 2000-2015.
More specifically, on the supply side, it analyses renewable energy support policies and the
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electricity industry liberalisation process and, on the demand side, energy taxes, thus contributing
to the debate on the effect of these factors on household electricity prices. Using pooled Ordinary

Least Square clustered at country level and regarding solar photovoltaic energy support policies,
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the results suggest that both the costs of quota obligation systems and the electricity sector
liberalisation process have raised household electricity prices. Energy taxes, however, do not have
a significant influence on such prices. Based on these results, recommendations are proposed for

policy-makers.

1 Introduction

The energy policy of the European Union (EU) estab-
lishes affordable household electricity prices as one of
its main objectives in the framework of the Energy
Union: secure, competitive and sustainable energy [1].

From a supply-side point of view, the development of
renewable energies (RES-E) has been an essential con-
cept. The EU has made great efforts to promote such
clean production technologies, as shown by the 2020
Energy Strategy [1], the 2050 Energy Roadmap [2], and
the 2030 Climate and Energy package [3]. Among other
aims, these regulations seek to increase the share of
RES-E in energy consumption over time in order to
reduce the impact of climate change.

RES-E are physically integrated into the wholesale
electricity market and can influence its efficiency and
competitiveness. Due to the low marginal costs of these

*Corresponding author - e-mail: mtgarcia@udc.es

clean production technologies, RES-E can lead to a
reduction in wholesale electricity prices by displacing
marginal technology based on fossil fuel. However,
RES-E have been developed by establishing public sup-
port policies that have mainly been financed via the
electricity market, by increasing the final price paid by
consumers. This has sparked a debate about the effects
on household electricity prices of including RES-E in
electricity markets (see Table 1).

Table 1 shows that research on RES-E and household
electricity prices in the EU has been based on case stud-
ies and empirical assessments in all member states. The
results of case studies are inconclusive. For example,
Bode [4] and Dillig et al. [5] found that RES-E support
policy in Germany reduced both wholesale electricity
prices and final electricity costs. Similarly, Sdenz de
Miera et al. [6] showed that wind energy in Spain led to
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Table 1: Overview of the effects of RES-E on electricity prices in the EU

CASE STUDY RESULTS COUNTRY
Bode (2006) RES-E support policy probably reduced both wholesale electricity prices and ~ Germany
final electricity costs.
S4enz de Miera et al. Wind energy development entailed wholesale electricity price reductions that ~ Spain
(2006) were greater than the increased costs for consumers arising from the support
policy
SensfuB et al. (2008) RES-E net support payments were not offset by wholesale electricity price Germany
reductions
Frondel et al. (2010) RES-E did not result in lower household electricity prices Germany
Dillig et al. (2016) RES-E involved a net saving of 11.2 billion Euros in 2013 Germany

Figueiredo and Pereira da

Silva (2018) household consumers.

RES-E reduced electricity prices but these savings were not passed on to

Portugal and Spain

EMPIRICAL ASSESSMENT

Ragwitz et al. (2005)

Consumer burden due to greater RES-E support policies might be only partly

EU-15

offset by reductions in wholesale electricity prices

ACER (2015)
RES-E

Moreno et al. (2012)

Pereira da Silva and

Cerqueira (2017) prices

Trujillo-Baute et al. (2018)
household electricity prices

General upward trend in EU household electricity prices as a consequence of

Electricity prices rose with the deployment of RES-E

Positive correlation between RES-E deployment and household electricity

Positive and statistically significant impact of RES-E promotion costs on

EU-15

EU-27
EU-28

EU-28 (23 member states)

wholesale electricity price reductions that were greater
than the increase in costs for consumers arising from the
support policy. However, Sensful’ et al. [7] and Frondel
et al. [8] found that RES-E net support payments were
not offset by wholesale electricity price reductions in
Germany. Similar results were obtained by Figueiredo
and Pereira da Silva [9] for wind energy in Spain and
Portugal.

The results of other research at EU level seem to show
a positive correlation between RES-E deployment and
household electricity prices (Ragwitz et al. [10] and
ACER [11], using models developed in EU projects;
Moreno et al. [12] and Pereira da Silva and Cerqueira
[13] using panel data).

On the other hand, with regard to liberalisation in the
energy industry, the aim of the EU has been to ensure
that consumers receive the full benefits of market dereg-
ulation in terms of lower domestic electricity and gas
bills. Verbruggen et al. [14] establish that liberalisation
involves unbundling of the main functions, access for
third parties and privatisation which should allow for
more exchange and ‘foreign shopping’ by the incumbent
energy companies. Recently, however, the possible

benefits of greater competition have been questioned as
this has not always been established effectively [15, 16].

Table 2 shows research on liberalisation in the elec-
tricity industry and household electricity prices in the
EU, which is also inconclusive.

By means of regression analysis, Ernst and Young
[17] found for the EU-15 that the liberalisation process
resulted in lower electricity prices and lower price-cost
margins. But Thomas [18] found, using a qualitative
analysis, that the liberalisation process was not related to
lower electricity prices. Cruciani [19] showed that the
EU liberalisation process resulted in increases in both
household and industrial electricity prices. Fiorio et al.
[20] found that unbundling resulted in lower household
electricity prices in the EU-15. By analysing electricity
prices and consumer satisfaction survey data, Fiorio and
Florio [21] showed that there is greater consumer satis-
faction when a country has both public ownership and
liberalisation. More recently, Florio [22] studied the
impact of the liberalisation process in the EU-15 over
the period 1990-2007 using panel data models and
found lower household electricity prices in member
states with state-owned companies. However, also using
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Table 2: Overview of the effects of liberalisation of the electricity industry on electricity prices in the EU

STUDY TYPE OF RESULTS COUNTRIES
ANALYSIS
Ernst and Young Regression analysis Lower electricity prices, reliable and secure supply, and EU-15
(2006) effective interaction with other policies (such as climate
change and sustainable development)
Thomas (2006) Qualitative method Liberalisation process was not related to lower electricity EU-15
prices as from 2000
Fiorio et al. (2008) Regression analysis Unbundling resulted in lower household electricity prices. EU-15
Cruciani (2010) Panel data Increases in both household and industrial EU-15
electricity prices (without the expected development
of a more efficient system)
Florio (2014) Panel data Lower household electricity prices in member states with EU-15
state-owned companies.
Pereira da Silva and Panel data Reduction in household electricity prices EU-28 (23 member states)
Cerqueira (2017)
Table 3: Overview of the effects of energy taxes on energy consumption in European countries
STUDY TYPE OF RESULTS COUNTRIES
ANALYSIS
Balaras et al. (2005) Simulation Energy taxes reduced energy consumption for Denmark, France, Greece, Poland and

heating in some member states in northern

Europe.
De Almeida
et al. (2011)

Qualitative method

Energy taxes, among other energy efficiency
policies, seemed insufficient to reduce energy

Switzerland

Belgium, Bulgaria, Czech Republic,
Denmark, France, Germany, Greece,

consumption Hungary, Italy, Norway, Portugal and
Romania.
Meyer et al. 2014) Case study Energy taxes reduced demand but the effect was ~ Denmark
rather slow in the last ten
years of the study.
Broin et al. (2015) Panel data Energy efficiency policies (including energy EU-15

taxes) reduced energy consumption.

Sorrell (2015) Qualitative method

Need to combine energy efficiency policies

EU-15 and other countries

(including energy taxes) with behavioural
interventions to reduce energy consumption.

panel data methods, Pereira da Silva and Cerqueira [13]
showed that liberalisation resulted in a reduction in
household electricity prices in the EU-28, over the
period 2000-2014.

The implementation of demand-side policies should
also be considered as these might also have an impact on
household electricity prices. Maxwell et al. [23] found
that increases in electricity consumption result in an
increase in household consumers’ electricity costs as
fossil fuel might be required to meet demand.

The Energy Efficiency Directive proposes various
instruments to reduce energy consumption, with the
focus on energy taxes to facilitate a shift towards more

sustainable consumption patterns [24] by reducing
demand [25] and thus mitigating the increase in electric-
ity prices. In this context, research has mainly focused
on the effects of energy efficiency policies on energy
consumption. Table 3 shows that the results obtained are
not unanimous.

Balaras et al. [26] found that the use of instruments
such as energy taxes to reduce energy consumption in
buildings successfully reduced energy consumption for
heating in some EU member states in northern Europe.
Geller et al. [25], however, pointed out that energy
demand is relatively price-inelastic in the short term but
not in the long term. Similar results were obtained by
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Broin et al. [24], who showed that financial policies
required at least seven years to have an effect on energy
consumption. However, Meyer et al. [27], Sorrell [28] and
De Almeida et al. [29] indicated that the introduction of
energy efficiency measures, such as energy taxes, seemed
insufficient to reduce energy consumption in the EU.

In this context, the objective of this paper is to con-
tribute to the debate on the effects of the above sup-
ply-side and demand-side policies on household
electricity prices. The main novelty of our paper is the
following:

(i) Previous research on the impact of RES-E on

household electricity prices mainly used
variables related to the share of RES-E in
electricity generation capacity and/or the
contribution of RES-E to electricity supply.
Little consideration was given to the effects of
the specific type of RES-E support policies or
their incentive amounts for household electricity
prices. This analysis is essential in order to better
understand the impact of these clean production
technologies on household electricity prices.
An exception was Trujillo-Baute et al. [30] who
used the Generalised Method of Moments
(GMM) to analyse the impact of renewable
promotion costs on industrial and household
electricity prices in the EU, although this study
only covered the period 2007-2013. Our paper
analyses a longer period of time (2000-2016),
which might allow policy-makers to gain more
information on specific effects on household
electricity prices.
This paper also considers the effects of the two
main solar photovoltaic (PV) support policies in
the EU (both the feed-in tariff and tradable green
certificates) as well as their incentive amounts.
Solar PV is considered because of its great
potential for electricity generation in the EU.
Over the period 2005-2015, the contribution of
solar PV to total electricity generated from
renewable sources increased from 0.1% to 12.0%
(Eurostat), allowing this technology to position
itself as one of the most important renewable
technologies.

(i1) Previous research does not include demand-side
policies in the analysis, which were mostly
studied from the point of view of their effects on
energy consumption. Nevertheless, consumers’

behaviour may also have effects on electricity
prices. This paper analyses the effect of a
specific demand-side policy, energy taxes, on
household electricity prices.

(iii) This paper also contributes to the debate on the
effects of electricity industry liberalisation on
household electricity prices as greater
competition in this industry might not be
effective.

The remainder of this paper is structured as follows.
Section 2 presents the problem. Section 3 describes the
sample and variables and proposes the methodology.
Section 4 shows the main results and discusses them.
Finally, Section 5 presents the main conclusions.

2. Problem formulation

Renewable production technologies have been devel-
oped thanks to public support policies mainly financed
via the electricity market [23, 31]. There are two main
RES-E support policies in the EU: the feed-in tariff
(FIT), and the quota obligation based on tradable green
certificates [32]. Development of these policies is a
long-term, evolving process that needs enduring support
[14]. FIT, in either the premium-price or the fixed-price
options, is the RES-E energy support policy that has
been most widely used in the EU. Premium-price FIT
adds a bonus to the wholesale electricity price, whilst
fixed-price FIT establishes guaranteed prices for fixed
periods of time. The quota obligation, on the other hand,
allows RES-E producers to sell certificates in addition to
electricity.

In this context, the type of RES-E support policy
and their incentive amounts seem to be key for ascer-
taining the impact of these clean production technolo-
gies on household electricity prices. Nevertheless, the
literature on RES-E and household electricity prices
has mainly centred on the analysis of variables related
to the share of RES-E in electricity generation capac-
ity and their contribution to electricity supply [4, 7,
11, 12, 10, 13]. An exception is Trujillo-Baute et al.
[30] who used the Generalised Method of Moments
(GMM) to analyse the impact of renewable energy
promotion costs (both price-based and quantity-based
instruments) on industrial and household electricity
prices in the EU over the period 2007-2013. Their
results showed that the impact of RES-E promotion
costs is positive and statistically significant, although

8 International Journal of Sustainable Energy Planning and Management Vol. 26 2020



Maria Teresa Garcia-Alvarez, Laura Cabeza-Garcia and Isabel Soares

relatively small. However, this study only covers the
period 2007-2013, although most RES-E energy sup-
port policies were adopted in the EU in the early years
of the previous decade (from year 2000).

In our paper, the analysis is applied to solar PV
energy because its fast growth in recent years. Thus, this
clean production technology is characterised by being
“the most promising alternative energy based on envi-
ronmental, economic and safety criteria in the EU” [33]
(p. 54).

Taking into account previous literature, and that
RES-E support policies have mainly been financed via
the electricity market, the following hypotheses are pre-
sented to differentiate the specific impact of each RES-E
support policy:

Hla FIT, as a solar PV support policy, positively
influences household electricity prices.

H1b Tradable green certificates, as a solar PV sup-
port policy, positively influence household electricity
prices.

Hlc The higher the tariff price in FIT, the higher
household electricity prices are.

H1d The higher the prices of tradable green certifi-
cates, the higher household electricity prices are.

The liberalisation process, on the other hand, can
have a positive or a negative impact on household elec-
tricity prices. Taking into account both the aims of the
European Commission to enable consumers to receive
the full benefits of market liberalisation, and the major-
ity of the previous empirical research, the following
hypothesis is proposed:

H2 The EU electricity industry liberalisation process
reduces household electricity prices.

Regarding energy efficiency policies, it is not clear if
these lower consumption (with a consequent reduction
in electricity prices). Taking into account the previous
empirical research as well as the aims of the Energy
Efficiency Directive, combined with the expected results
in energy prices, the final hypothesis is proposed:

H3 Energy taxes on electricity consumption might,
by reducing demand, mitigate the increase in electricity
prices.

3. Empirical design

This section discusses the sample, the variables and the
methodology used in the empirical assessment.

3.1. Sample

To test the above hypotheses, the Eurostat Database was
used to obtain data over the period 2000-2016 as it con-
tains the most precise information, which is constant
over time, standardised among member states and
belongs to the European Commission. The ACER
Market Monitoring Reports [11] and the Member State
RES-E Progress Reports [34] were also used for data
collection. The analysis starts in 2000 as most RES-E
energy support policies were implemented in the EU in
the early years of that decade. Similarly, most liberalisa-
tion processes were implemented in the member states at
the end of the nineties. The study period ends in 2016
because the most recent Member State RES-E Progress
Report was published by the European Commission in
2017 (the last data of that report is for 2016).

Cases for which there was no information on any of
the variables were not considered in the study in order
to avoid missing values in the estimates and to have
the same sample size in all models. As a result, we
ended up with an unbalanced panel of 23 countries'
and 303 observations.

3.2. Measuring variables
3.2.1. Dependent variable

In this study, the dependent variable is the logarithm of
household electricity prices, following Ito [35] and
Pereira da Silva and Cerqueira [13]. Household electric-
ity prices are measured as the average national price
applicable for medium-size household consumers
(Consumption Band Dc with annual consumption
between 2500 kWh and 5000 kWh) (in Euro per KWh)
(ELECTR_PRICES).

3.2.2. Explanatory variables

This paper analysis the effects on household electricity
prices of the two main solar PV energy support policies
in the EU (FIT and the quota obligation system
based on tradable green certificates). Three dummy
variables were created to measure these effects: (i)
RES-E energy promotion policyl, which refers to the

1 The countries included were Belgium, Cyprus, Czech Republic, Denmark,
Estonia, Finland, France, Germany, Greece, Hungry, Italy, Ireland, Latvia,
Lithuania, Malta, Poland, Portugal, Romania, Slovenia, Slovakia, Spain,
Sweden and the United Kingdom.
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non-existence of a specific promotion policy in solar
PV energy (PV_POL1), (ii) RES-E energy promotion
policy2, which refers to the existence of a quota obli-
gation in solar PV energy (PV_POL2), and (iii) RES-E
energy promotion policy3, which indicates the exis-
tence of FIT in solar PV energy (PV_POL3).

The analysis also studies the impact of the incentive
amount. More specifically, in FIT, the tariff refers to the
price obtained by a solar PV energy producer for electricity
sold to the grid (in Euros/MWh) in FIT observations and 0O
otherwise (TARIFF_PRICE). In the case of premium tar-
iffs, it is the electricity market price plus the bonus. For
fixed-price tariffs, it is the amount of the tariff. There are
different schemes for solar PV energy in the EU as the tariff
amount varies with the size of the facility. Following Jenner
et al. [36], the tariff price variable is the mean value of each
solar PV tariff across both size and location. Regarding
quota obligations, the certificate price variable considers
the prices generally obtained through a market mechanism
(in Euros/MWh) together with electricity market prices
(in Euros/MWh) in solar PV energy producers with the
quota system and 0 otherwise (QUOTA_PRICE) [37]. As
certificate prices also vary with the size of the solar PV
facility, this variable refers to the mean value of each solar
PV certificate price across both size and location.

Liberalisation policy is introduced in the model as a
dummy variable taking the value 0 before the year of the
electricity sector liberalisation and 1 afterwards
(LIBERALISATION_POL) [13].

Finally, in order to consider the effect of energy taxes,
since the Eurostat Database does not break down taxa-
tion on different energy products, this variable considers
the implicit tax rate on energy for household consumers.
The European Commission points out the importance of
electricity taxes, which amount to a large share of total
energy taxes, for sustainable development in the EU
[38]. In this context, the analysis measures the implicit
tax rate on energy for household consumers as the ratio
between energy taxes paid by households and final
household energy consumption (in Euros per tonne of
oil equivalent) (FISCAL_POL).

Finally, it is necessary to consider that electricity
prices respond to demand changes in the short term.
Trujillo-Baute et al. [30] and Romero-Jordan et al. [39]
establish that there might be a delay in the response of
consumers’ demand to changes in electricity prices due
to a “long-term habit inertia” or a “memory effect”.
Therefore, household electricity prices of the previous
year (ELECTR_PRICES-1) have been introduced in the
model to determine whether this effect is significant.

3.2.3. Control variables

Following previous empirical papers [40, 6, 42, 41],
three relevant variables were controlled to analyse
household electricity prices:

a) The contribution of RES-E to electricity supply,
measured as the ratio between RES-E electricity
generation and total electricity supply (% of the
total gross electricity supply) (RES-E_
CONTRIBUTION). The results reported in the
literature are not conclusive. Some studies found
a negative relation between this variable and
household electricity prices. Their explanation is
that RES-E resulted in lower wholesale electricity
prices that offset the increase in costs of the
support policies [5, 6]. However, other research
found a positive relation between both variables
as the reduction in wholesale electricity prices
was insufficient to offset the cost of RES-E
support policies [13, 23].

b) The market share of the largest generator in the
electricity market, measured as the ratio between
the net electricity production of the largest
generator and total net electricity production in
the electricity market (% of total generation)
(SHARE_LGENERATOR). If the liberalisation
process does not reduce the market share of
incumbent companies, it might be ineffective for
lowering household electricity prices [40, 41].

¢) Theeconomic situation, in which gross domestic
product (GDP) is used as a proxy variable. A
positive relationship is expected between this
variable and the development of clean
production technologies as countries with a
better economic situation might have more
resources to invest in RES-E [42]. The final
effect of this variable on household electricity
prices will again depend on whether the possible
wholesale electricity price reduction arising
from RES-E is, or is not, offset by the cost of
the RES-E support policy.

3.3. Model

A pooled OLS (Ordinary Least Square) regressions
clustered at country level was performed with the
STATA12 program?. In addition, endogenous explana-
tory and control variables were lagged by one year to
control for endogeneity problems in the model

2 The cluster option also implies the estimation of standard robust errors.
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Figure 1: Problem-solving methodology

proposed. Initially, the possibility of employing a panel
data methodology, such as the two-step difference
GMM model drawn up for dynamic panel data models
by Arellano and Bond [43], was considered. However,
this methodology was not applied because the results
would not be reliable as the number of instruments
would be larger than the number of countries (see
Figure 1 for a better understanding of the methodology
employed).
The pooled OLS we run is as follows:

ELECTR_PRICES; =aq + 8 ELECTR_PRICES;;_| +

Sy PV_POL; + 83 TARIFF_PRICE; + 4 QUOTA_PRICE; +

S5 LIBERALISATION_POL; + 36 FISCAL_POL; +

$37 RES-E_CONTRIBUTION;;_| + #8 SHARE_LGENERATOR; +

2016
59 GDP; + Z Dl‘ +¢&j
t=2000
Where:
2016

Y D, is a set of time dummy variables and ¢; is
t=2000
the error term.

4. Results and discussion

The descriptive statistics are shown in Table 4 while the
correlation coefficients of the variables used in the
regression analysis are listed in Table 5. Once the
non-normality of the explanatory and continuous control
variables was confirmed, and considering that Pearson’s
correlation coefficient did not work well for discrete
variables as it was very sensitive to violations of normal-
ity assumptions, Spearman’s rank correlations were
calculated. Although some of the variables were signifi-
cantly correlated, analysis of the variance inflation fac-
tors (VIF) revealed no evidence of multicollinearity, as
all of them remained under 10 [44].

Table 6 summarises the results of the regression
analysis. As explained in the section on the variables,
PV_POL is a qualitative variable that places PV sup-
port policies in three categories (non-existence of a
specific PV support policy, FIT, and quota obligation).
To make this variable operative, three dummy variables
were defined, but it was only possible to add k-1 dum-
mies to the regression models in our case 2 because in
the other case the parameters cannot be estimated. The
results are therefore presented by pairing the dummies
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Table 4: Descriptive statistics®

Variables Mean Maximum Minimum Std. Dev.
ELECTR_PRICES 0.110 0.238 0.055 0.033
TARIFF_PRICE 14.069 55 0 17.767
QUOTA_PRICE 1.512 40.8 0 5.313
FISCAL_POL 179.744 441.56 72.01 76.999
RES-E_CONTRIBUTION 15.506 100 0.036 12.585
SHARE_LGENERATOR 56.677 100 15.3 26.971
GDP 537,566.9 3,134,100 5,424.4 750,717.03
Other explanatory variables % (number of observations = 1)
LIBERALISATION_POL ?27 OES
PV_POLI1 21.45

(65)
PV_POL2 16.50

(50)
PV_POL3 62.05

(188)
4n =303

to clarify what their coefficients really mean. It is suffi-
cient to state the results of the combination of dummies
PV_POL2 (quota obligation in solar PV energy) and
PV_POL3 (FIT in solar PV energy), as the results of
the remaining combinations may be inferred from the
previous one.

Regarding solar PV energy support policies, the results
do not support either Hypotheses 1a or 1b as both the FIT
(PV_POL3) and tradable green certificate (PV_POL2)
variables are not statistically significant. The analysis
goes further by adding the effect of the incentive amount
of both policies. The results do not support Hypothesis 1c
as the tariff price (TARIFF_PRICE) in FIT policies is not
statistically significant. This finding therefore seems to
indicate that the incentive amount set in FIT policies is
not passed on to final consumers or offset by wholesale
electricity price reductions. Related to this finding,
although their analyses are at country level, Bode [4] and
Dillig et al. [5] showed that FIT did not involve an
increase in household electricity prices in Germany.
Similarly, Sdenz de Miera et al. [6] indicated that FIT in
Spanish wind energy did not result in an increase of costs
for consumers arising from the support policy.

On the other hand, the results support Hypothesis 1d
as certificate prices (QUOTA_PRICE) are statistically
significant (f=0.001 p=0.017) and have statistically sig-
nificant impacts on household electricity prices.

Therefore, solar PV net support payments cannot be
offset by wholesale electricity price reductions. This
finding is in line with Trujillo-Baute et al. [30], who
indicated that quantity-based support policies (which
include a quota obligation system based on tradable
green certificates) had a positive and statistically signif-
icant impact on household electricity prices in the EU
over the period 2007-2013.

Hypothesis 2 must be rejected because the electricity
sector liberalisation process (LIBERALISATION_POL)
had a positive and significant influence on household
electricity prices (B= 0.016 p=0.097). This finding is in
line with those obtained by Thomas [18] and Cruciani
[19]. These studies, which use quantitative and qualita-
tive methods respectively, showed that liberalisation has
not achieved its aim in the EU related to the develop-
ment of a more efficient system with lower household
and industrial electricity prices. Our result shows that
the reforms outlined in the electricity sector liberalisa-
tion process in the EU seem to have been insufficient to
achieve more competitive household electricity prices.
The explanation may lie in the persistence of entry bar-
riers related to long administrative procedures to create
new electricity generation facilities, or the possible
market power of incumbent companies [16, 45].

Hypothesis 3 must be rejected as energy taxes
(FISCAL_POL) are not statistically significant. The
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Table 6: Linear regression analysis®

Variables Model
ELECTR_PRICES 0.916%*
B ! (60.46)
-0.006
PV_POL2
B (-0.41)
0.015
PV_POL3
B (0.74)
TARIFF_PRICE -3.54-04
(-1.02)
0.001%
UOTA_PRICE
¢ - (2.57)
LIBERALISATION_POL 0.0167
(1.73)
-3.00-05
FISCAL_POL
SO (-0.42)
RES-E_CONTRIBUTION —4.93-04*
B (=2.07)
SHARE_LGENERATOR 4.84-05
0.32)
2.66-09
GDP
0.37)
R 0.920
F 4367.39%
Number of countries 23
Number of observations 303

@ Standardised coefficient with t-value in brackets
fp<0.10; " p < 0.05; " p<0.01

results suggest that energy taxes do not lead to lower
energy prices, motivated by a reduction in energy con-
sumption. De Almeida ef al. [29] and Sorrell [28] stress
that energy taxes alone cannot promote more sustainable
energy consumption. Reinforcing actions might there-
fore be necessary to achieve energy efficiency goals in
the EU.

Finally, the results of the model analysed suggest that
household electricity prices are influenced by those of
the previous year (ELECTR_PRICES-1) (B= 0.916
p = 0.000). Our findings point to a delay in the response
of consumers’ demand to changes in electricity prices
due to “long habit inertia” or “memory effect”. These
results are in line with those obtained by Agnolucci [46],
Gam and Rejeb [47] and Romero-Jordan et al. [39]).

Regarding control variables, the market share of the
largest generator in the electricity market (SHARE_
LGENERATOR) and the country’s economic situation
(GDP) do not seem to significantly influence household

electricity prices. The initial model was repeated by sub-
stituting the country’s economic situation (GDP) with
the logarithm of GDP. The results remain the same.

However, the results support a negative and signifi-
cant influence of the contribution of RES-E to electricity
supply (RES-E_CONTRIBUTION) on the dependent
variable (B=-4.93-04 p = 0.050), in line with other stud-
ies [7,13]. This finding seems to indicate that the
expected reduction in wholesale electricity prices stem-
ming from RES-E might not offset the cost increase of
RES-E support policies. The initial model was repeated
substituting the contribution of RES-E to electricity
supply (RES-E_CONTRIBUTION) with the generation
capacity of RES-E to total electricity generation capac-
ity as a percentage of total electricity generation capac-
ity (RES-E_CAPACITY). The results regarding the
main explanatory variables remain the same.

This paper improves and expands on the existing lit-
erature in some key areas. Most prior studies do not
consider the effect of demand-side policies on house-
hold electricity prices. These should be analysed to find
the specific effect that consumer’s behavior can have on
electricity prices. Regarding the effect of supply-side
policies (both RES-E development and the liberalisation
process) on household electricity prices, the results in
the literature on RES-E development are inconclusive as
they report, using both qualitative and quantitative meth-
ods, both reductions (for example, Bode [5]; Sdenz de
Miera et al. [23]; Dillig et al. [6]) and increases (for
example, Sensfull et al. [20]; Frondel [24]; Moreno
et al. [21]; Pereira da Silva and Cerqueria [7]; Figueiredo
and da Silva Pereira [50]). Moreover, most studies do
not consider the effects of the different types of RES-E
support policies as well as their incentive amount on
household electricity prices. One exception is Trujillo-
Baute et al. [30], who analysed the effects of both
RES-E price-based and quantity-based instruments on
industrial and household electricity prices in the EU.
However, this study only covers the period 2007-2013,
although most RES-E energy support policies were
adopted in the EU in the early years of the first decade.
Therefore, the study of RES-E support policies from the
year 2000 might allow policy-makers to gain more infor-
mation about their specific effects on household electric-
ity prices. With regard to the electricity sector
liberalisation process, there is also a debate about its
effects on household electricity prices as greater compe-
tition in this industry might not be effective, as shown in
Streimikiene et al. [48] and Thomas [18]. The study of
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these issues might provide relevant insights to achieve
more competitive household electricity prices.

Our results suggest the importance of reviewing both
supply-side and demand-side policies to define mea-
sures to hold back an increase in household electricity
prices. Tradable green certificates have led to high levels
of remuneration for mature technologies, which may
impact household electricity prices. The certificate
prices set by this support policy should be reviewed to
obtain more competitive household electricity prices.
Policy-makers should also review the liberalisation
model to identify the most appropriate types of reform
for achieving the goals of energy policy. Finally, energy
taxes do not seem to be a suitable measure for lowering
household electricity prices. Policy-makers might con-
sider the possibility of complementing these actions
with public campaigns to promote citizens’ environmen-
tal awareness. Such actions would induce more sustain-
able consumption, with the consequent reduction in
household electricity prices.

5. Conclusions

Achieving affordable household electricity prices is one
of the mail goals of the EU energy policy in the frame-
work of the EU 2020, 2030 and 2050 Strategies.
Nevertheless, household electricity prices have risen in
recent years.

This paper provides an empirical evaluation of both
supply-side and demand-side policies in the European
Union over the period 2000-2016. The results indicate
that both the supply-side policies analysed here had an
impact on household electricity prices. Regarding RES-E
(more specifically, solar PV) support policies, the cost of
quota obligations based on tradable green certificates,
but without FIT, seems to have resulted in higher house-
hold electricity prices. The liberalisation process also
seems to have raised household electricity prices.
However, energy taxes did not have a significant influ-
ence on these prices.

Policy-makers should consider the possibility of
reviewing both the certificate prices of RES-E technolo-
gies and the specific reforms set in motion by the liber-
alisation process in order to reduce household electricity
prices. Moreover, the adoption of public policies to
promote environmental awareness might be an effective
complementary measure for energy taxes.

Further research might study the effects of alternative
RES-E (biomass, minihydraulic, solar thermoelectric,

etc.), alternative energy efficiency measures (energy
labels and ecodesign) and specific reforms introduced
via liberalisation (unbundling, ownership type, etc.) on
household electricity prices.
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