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Abstract 

High technology and innovation market risk make renewable electricity generation expensive. On the other hand, 
green taxes applied to thermal generation also play a significant role in the increasing retail prices, considering that 
most energy systems are not completely renewable. The academic literature on the relationship between renewable 
electricity supply and electricity prices to final consumers suggest that a larger share of renewable electricity supply 
increases the price of electricity to end consumers although wind energy and solar energy have very low marginal 
costs. This study shows the individual contribution of solar and wind energy generation to the households and 
industrial electricity retail prices through panel data modeling of EU-27 (1995 to 2011). Random effect modeling was 
applied to understanding the net effect on prices. Independent variables include regulation perceptions, carbon 
emissions and levelised costs of electricity generation. The result of this study suggests that energy generation 
through wind and solar plays a negligible role in determining retail electricity prices to households, whereas in the 
case of industrial prices, their (solar and wind’s) contribution is significant, but the value of the coefficient observed 
is close to zero.  
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1. Introduction 

Renewable energy has been considered as one of the key elements to address climate change issues due 
to global warming. It is included in the energy policy of major countries (for an instance, see [1] and [2]). 
This also encourages new economic sectors to reduce the energy dependency on traditional sources [3]. 
Existing literature on renewable energy supports the price increase of electricity in short run. However, 
the individual effect of electricity generation through solar and wind on retail electricity prices is yet not 
known in the literature. The purpose of this study is to determine the drivers of electricity prices for 
households and industries.  

Moreno et. al. (2012) have considered four economic variables (including RES) to propose empirical 
models[4]. However, Moreno et. al. (2012) did not consider levelized costs of electricity generations. 
Levelised cost associated with electricity generation (although it may be subsidized) is an important 
consideration to model an investment empirically. This is particularly significant as businesses looking to 
make an investment in the electricity sector are also looking at levelised costs of available technologies 
(e.g. wind, solar, biomass, nuclear) [5][6]. Therefore, the present study is an attempt to develop a revised 
model that can give more information on other associated variables through panel data modeling. Thus, it 
intends to contribute to the body of current scientific knowledge of electricity investments and price 
drivers. 

There can be an undesirable consequence of increasing renewable share in electricity generation, as it 
may increase retail electricity prices. Recently, Azofra et. al. (2014) examined the impact of biomass, 
solar, thermal and mini hydropower on electricity prices[7]. They applied Artificial Intelligence 
techniques to model the data, and the outcome of the study showed a negative relationship between 
electricity prices and power generation through the aforementioned sources. Contrary to the above study, 
Cai et. al. (2013) found that despite feed-in-tariffs and fixed rates of returns, higher solar installation 
(rooftop) leads to increase of electricity prices[8]. Similarly, Dinica (2011) shows how the operational 
cost of producing electricity through renewable energy sources varies with geographical, infrastructural, 
institutional and resource factors[9]. Finally, increased operational cost is passed on to consumers, thereby 
increasing the electricity prices. However, apart from the generation cost, other factors - market drivers, 
perceived regulatory quality, corruption, environmental pollution, etc. - may also influence the electricity 
price.  

However, the impact of such variables on electricity price, as considered in this study, has not been 
studied earlier. Within the mandate of our study, we have asked the following two Research Questions 
(RQs)- 

Research Question 1: Which are the determinants of retail electricity prices for households? 
Research Question 2: How does investment in Renewable energy sources affect the retail prices of 

industrial sector?  
To get the answer of our research questions, we kept our scope limited to testing the following 

hypotheses related to the generation of solar, wind electricity, carbon emissions, and regulatory 
framework. 

H1a: Higher share of electricity generated through solar leads to higher electricity prices for 
households 

H1b: Higher share of electricity generated through wind leads to higher electricity prices for 
households 

H2a: Higher share of electricity generated through solar leads to higher electricity prices for industries 
H2b: Higher share of electricity generated through wind leads to higher electricity prices for industries 
H1c: Cleaner energy supply leads to higher electricity prices for households 
H2c: Cleaner energy supply leads to higher electricity prices for industries 



508   Gyanendra Singh Sisodia et al.  /  Energy Procedia   79  ( 2015 )  506 – 512 

H1d: Stronger regulation perception leads to higher electricity price for households 
H2d: Stronger regulation perception leads to higher electricity price for industries 
Rest of the article is organized as follows: In section 2, data and methodology are shown and justified.  

The section 3 deals with modeling and empirical results and section 4 concludes the study. 

2. Data and methodology 

To address the above research questions, hypotheses were formulated and empirical model with two 
versions were developed. Data used was taken from Eurostat and World Bank. Finally, results were 
critically analyzed. EU-27b consists of 27 European countries and represents an adequate and varied 
sample.  

Annual data from 1995 to 2011 was used from the World Bank and Eurostat database for EU-27 
countries. The World Bank and Eurostat databases are considered to be a reliable source of information. 
The period chosen was also dictated by the availability of the data of solar and wind energy for the 
countries in the sample. A few of the variables that were directly used have random missing values, which 
was taken care of in the proposed macroeconomic model [10][11].  

Data was identified in Eurostat for both the dependent variables. Each one has six-monthly data, and 
two six-monthly figures corresponding to same year were averaged for annual consideration. This had to 
be done to match the dependent variables with the other variables used as independent data available on 
an annual basis.  Following the model adopted by Moreno et. al. (2012) [4], we prefer to use logarithmic 
values for retail electricity prices of household and industry instead of using directly available values. 
Given the high variation of taxes among countries, net electricity price before taxes was considered as the 
final do not reflect the true cost.  

For the scope of the current study, medium sized households and medium sized industries were 
considered from the Eurostat database. For household electricity consumption, prices are measured as an 
average national price in Euro per KWh without taxes for the average of first & the second semester of 
each year for medium size household consumers (Consumption Band DC with annual consumption 
between 2500 KWh and 5000 KWh). These variables were also studied by Soares & Sarmento 
(2009)[12]; and similar kind of study was performed by Sisodia & Soares (2015) to find the drivers of 
renewable energy investments [13]. 

Independent variables are broadly classified as price variables, economic variables and other variables. 
“Price variables” comprise the levelised cost of electricity generation for wind (LW) and solar (LS) 
electricity, and electricity prices before taxes for households (EPH) and industries (EPI). Whereas 
“economic variables” are clubbed as CO2 emissions (CE), energy imports c  (EI), GDP growth rate 
(GDPG), electricity generation (EG), RES through solar (RES-S) and wind (RES-W). A third broad 
section “other variables” - includes annual sunshine hours (ASH), and regulatory quality (RG). While 
testing hypotheses, and developing empirical models, independent variables were again reduced to follow 
the rules of econometrics [14]. 

Levelized cost of electricity generation through wind and solar were taken from the World Energy 
Outlook. According to EIA (2013), levelized costs are associated with competitiveness of generating 
electricity from different sources. EPH and EPI price to final consumers before taxes were taken from 

 

b EU-27 consists of 27 European countries, excludes Crotia that has recently joined.  Given that Europe is first mover in 
implementing renewable energy projects, and the diverse settings of regulatory systems, economic framework and geographical 
factors- this sample finds importance in understanding the causal relationship between determined independent variables and solar 
& wind energy generation. 
c EI and GDPG were dropped in modelling because of their high associations with CE which is found in existing research works.  
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Eurostat database. Prices are influenced by local and national circumstances of electricity market 
regulations. Therefore, the implemented prices are not homogeneous in nature. For formulating model 
versions 1 and 2, both of these variables are considered to be dependent variables. Additionally, RES also 
has an impact on prices. These impacts are presented in the RES literature for the long and short runs [15].  

Annual sunshine hours (ASH) is assumed to play a critical role in the generation of solar power. 
Energy generated through sun is apparently related to ASH of each country of the sample. Given the 
geographical diversities in EU-27, it was expected that the variable would play a significant role in the 
study. Current sample that includes 27 countries, 17 countries have annual sunshine hours above 1650 
hours; 10 countries having annual sunshine hours less than 1650. Germany was kept as a reference, as it is 
a country where a solar PV generation is higher, although it has only around 1650 hours of ASH. 

Regulatory quality (RG) is a world governance indicator taken from World Bank database. It reflects 
perceptions of the ability of the government to formulate and implement sound policies and regulations 
that permit and promote private sector development. Originally, estimation of governance perception 
ranges from approximately -2.5 (weak) to 2.5 (strong) governance performance. To make the values 
positive without effecting the scale, a value 2.5 was added, such that -2.5 becomes (-2.5+2.5=0) zero, and 
+2.5 becomes (+2.5+2.5=5) five. Thus the scale is re-formulated from 0 to 5 (weak to strong) to avoid 
negative values. RG was expected to play a positive role in the investment. RG was also expected to be 
associated with corruption. Although corruption control as a variable was not directly used in the model, 
but may have an impact on the results associated with RG. It is assumed that electricity market regulation 
is a subset of overall regulation perception. Therefore, RG is considered to be a proxy for electricity 
regulation perception. 

Further, the following assumptions were made while developing the versions of the model, as they 
represent the actual European framework. First, price of solar PV and wind technology has been 
decreasing over a period due to the technology life cycle. Second, the goals of energy policy in Europe are 
towards a strict environmental concern (green energy). Third, there are no significant problems 
concerning grids (transmission and distribution). Fourth, investments on solar and wind each year are 
considered to be uninfluenced by previous year(s) investments. Fifth, most of the countries follow feed-in-
tariff models, electricity by RES is 100% supplied to the grid. 

3. Modelling and results 

3.1. Empirical model 

This section deals with modeling and empirical results. Once more, a survey of the literature on 
econometric modeling associated with renewable energy was considered. Results obtained in previous 
studies were considered to validate the findings. EPH, EPI were considered to be dependent variables. In 
earlier panel studies, electricity prices are used in logarithmic transformation [16][17].  

Within the current scope of the study, the following two OLS regression models were used to 
understand the effects of independent variables. 

Log Yit (EPH) = β0 + β1*LS +β2 *LW +β3* Lag 1*EPH + β4*CE+ β5*EG+ β6*RES-S + β7*RES-
W+ β8*ASH + β9*RG + Uit                     (1)  

Log Yit (EPI) = β0 + β1*LS +β2 *LW +β3* Lag 1*EPI + β4*CE+ β5*EG+ β6*RES-S + β7*RES-W+ 
β8*ASH + β9*RG + Uit                          (2)  
 
where i = 1,.,27, t = 1995,.,2011, and β0 parameters denote country effects which are included in the model in order to take account 
of any possible country-specific factors that may have an influence on prices beyond the explanatory variables included. The 
disturbance of this model is denoted by Uit and is assumed to be independently and identically distributed random variables with 
mean zero and variances σ2u. 
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Further, RES market is considered to be a dynamic market in the current context with several new 
businesses coming in and increasing the competition in the sector [18]. Investment in RES in a particular 
year may not be dependent on investment in the previous year. In order to understand which panel model 
is suitable for data modeling, Hausman test was performed. P value in our case is higher than 0.5, and it 
suggests that a random effect model better suit to address the study. 

3.2. Results and discussions 

The results of the study are shown in table 1. The primary consideration for the study is the relevance 
of independent and dependent variable identified through the literature and determination of coefficient 
values and their levels of significance. In our analysis, we observe very high R-squared values for Model 
version 1 & 2 as 0.91 and 0.86 respectively, which indicates the model fit by 91 and 86 % for electricity 
prices of households and industries respectively.  
 

Table 1: Proposed model versions (MV) 
  
    Log(EPH) 

MV 1 

  

Log(EPI) 

MV  2 

  

Price variables LS 0   0   

LW 0   0   

Lag EPH (-1) 0.879 *     

Lag EPI (-1)     0.847 * 

Economic variables CE -0.109 ** -0.174 * 

EG 0   0 ** 

RES-S 0 *** 0.002 *** 

RES-W 0   0.002 ** 

Other variables ASH -0.007   -0.009   

RG 0.017   -0.035   

            

R-squared   0.918   0.863   

Adjusted R-squared   0.915   0.859   

F-statistic   315.985   176.337   

Prob(F-statistic)   0   0   
*significant at 1% level 
**significant at 5% level 
***significant at 10% level  
 

On the one hand, the electricity market is highly sensitive to regulatory policies. That means higher 
regulatory quality is usually perceived with higher formalities and more taxes, which can be offset in the 
short run by offering bribes to the regulators [19][20]; on the other hand, strong regulations could also 
impose stronger norms for electricity distribution and dissemination by adding cost to the distributors. 
This cost would be passed to consumers and make electricity more expensive. On the other hand, lower 
quality of the regulation could also be associated with smaller and easier formalities because of which the 
business investment is trouble-free. In spite of unethical practices, this may also mean more competition 
in the market. Moreover, the likelihood of higher investment in countries with better regulatory quality 
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could also be due to their tougher environmental policies. Such stringent environmental policies give the 
business opportunity to align with the aim of government, and this could lead to increase the investment. 

In model version 1, wind and solar energies were expected to influence the prices of households. 
However, it is observed that RES-S play a significant role in determining household electricity prices, but 
coefficient is not impressive (table 1) and RES-W does not play a significant role in determining 
household electricity retail prices. Electricity generated through RES-S and RES-W is sold in the 
electricity market at wholesale price. Suppliers later redistribute electricity, through networks to 
households. Also, final electricity bill frequently includes other costs and taxes, related to the electricity 
system; for example high voltage transportation, medium and low voltage distribution, green fees, VAT, 
municipal charges and other costs designated by the government.  Therefore, variations between 
wholesale and retail prices might not be explained well through the model version. However, distribution 
and supply cost is expected to affect the retail price significantly. It would also be important to understand 
if the reduction of conventional fuels resulted in an increase of the electricity prices; a separate study is 
proposed to understand the phenomenon. 

It is seen that household price of electricity shows a critical and significant (at 1% level) relation with 
lagged electricity prices (1year) with a coefficient of 0.87. But, no significant relationship is observed for 
LS, LW, EG, ASH and RG. However, a statistically significant (at 5% level) and negative relationship 
with a coefficient of -0.1 is observed for carbon emissions; which can mean that the cleaner the energy, 
the higher the price customers have to pay, in the short run. Clean energy represents the energy that is 
generated through lower carbon emission as compared to conventional sources.  

In model version 2, determinants of electricity prices for industry (EPI) are found to be insignificant 
for LW and LS; CE is negative with a factor of -0.17 and significant at the 1% level. The results obtained 
are similar to results obtained by Paul et. al. (2013) and Mulder et. al. (2013). They found a positive 
relationship between electricity prices and RES generation which reinforce that the cleaner the energy is, 
the  higher the price customers have to pay in the short run. 

 

4. Conclusions 

This study covered the macro perspective over a big sample. Assuming that the results can be 
extrapolated to for most of the EU states, outcome of result has a broad policy implication at EU level. As 
a matter of policy and uncertainty in regulatory framework, it would be important for investors to actually 
recognize that soon solar and wind energy generating technologies would be recognized as “mature”, and 
there would be no support schemes towards wind and solar plants; or government in few countries may 
even be proactively supporting the generation that doesn’t affect the final electricity price. However, it is 
emphasized that the final outcome of energy  policies strongly depend on the evolution of fossil fuel 
prices, as its increase in the future can result in higher impact on the retail prices for both households and 
industry either directly or through the imposition of green taxes. 

The results demonstrate that the European energy policy requires a systematic approach towards a 
cost-efficient integration of RES, recognizing the possibility of direct supporting systems combined with 
incentives for technology development, management strategies such as demand side management or 
balanced geographical distribution as recently described in KEMA consulting (2014)[21]. This approach 
should contribute to the investors’ interest and confidence in the projects, but should also ensure that it 
will not result in a significant increase of the consumer’s bill. 

Since EU-27 represents a large sample with diverse countries; the results generated could be widely 
affected by individual variations. Therefore, a next study conducted on a smaller sample of EU-15 or 
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homogeneous countries will lead to a further understanding of the variations in results across large and 
small samples. 
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