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Abstract: To achieve the energy targets, energy policy of the European Union (EU) is trying to 

discourage residential electricity consumption employing different measures but without 

worsening the quality of life and jeopardizing its economic growth and development at the same 

time. This paper aims to directly and indirectly explore the effects of energy taxes on household 

electricity consumption and test the validity of the household electricity environmental Kuznets 

curve (EEKC) in a multivariate setting and a system generalized method of moments framework 

for EU member countries in the period 2005–2016. The results reveal that energy taxes influence 

electricity consumption more efficiently through energy prices than directly and in the long-run. 

Efficiency of energy taxes can be reinforced by combining changes in energy prices and policy 

measures that change the electricity consumption behavior patterns. As for the EEKC, the paper 

corroborates its inverted U-shaped form, assuming thereby at least the same level of policy efforts 

directed to accomplish the energy targets and household willingness to use goods in an 

environmentally friendly way. 

Keywords: energy taxes; electricity consumption; environmental Kuznets curve; human capital; 

dynamic panel analysis 

 

1. Introduction 

The European Union (EU) wants to become a competitive, low-carbon and energy efficient 

economy [1–3]. To that end, an increase in energy efficiency and a reduction in greenhouse gas 

(GHG) emissions are very important. According to the 2030 Energy Strategy [3], energy targets for 

2030 include a cut in GHG emissions by 40% (from 1990 levels), energy saving of at least 27% and 

energy efficiency improvement by 30% compared with a business-as-usual scenario. 

According to the Eurostat database on energy [4], households account for approximately 30% of 

final electricity consumption and 25% of final energy consumption in the EU. After natural gas, 

electricity is the most-consumed energy source in the residential sector. Hence, it plays an important 

role in reaching the EU energy targets. An important step to achieve them is to decrease residential 

electricity consumption without worsening the quality of life and jeopardizing economic growth 

and development. A decrease in electricity consumption may be a consequence of an electricity 

efficiency improvement or a reduction in the amount of service used. The former is desirable from 

the energy efficiency target point of view, but the latter may be a sign of deterioration in the quality 

of life. Although an improvement in electricity efficiency does not necessarily lead to energy saving 

or adverse GHG emission reduction, it is assumed in this paper that reducing residential electricity 

consumption is beneficial and desirable until it results in deteriorating the quality of life. The EU has 

used several energy policy instruments and adopted a number of measures to influence the behavior 
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of economic agents including households, improve energy efficiency in general, reduce energy 

consumption and consequently reduce GHG emissions. Such measures include, for example, energy 

price increases through the introduction of ecological taxes, tradable or non-tradable emission 

permits; green, white or brown certificates; subsidies; and mandatory energy-saving measures in the 

construction and renovation of buildings [5]. 

In this paper, we focus on energy taxes which are taxes on energy products such as fuel, 

transport and electricity. According to the Eurostat database on energy [4], on average, energy tax 

revenues have accounted for slightly less than 2% of gross domestic product (GDP) and slightly less 

than 5% of total tax and social contribution revenues in the EU-28 in the last several years. 

Ultimately, the aim of energy taxes is to minimize negative impacts on the environment and ensure 

their rational use by facilitating a shift towards more sustainable consumption patterns. However, 

energy taxes increase the price of electricity, which can have unfavorable consequences for low 

income households in particular. Since energy taxes are also an important source of government 

income, their optimal level is important but difficult to be determined. 

Eurostat data [4] show that electricity consumption by households fell by about 1% in the 

period from 2005 to 2016. This drop is desirable from the environmental point of view, but an 

increase in energy poverty also caused by high electricity bills has been observed in the same period. 

Clemente [6] demonstrated that even in richer EU countries electricity has become a luxury good. 

According to the Eurostat data on energy [4], the EU-28 average electricity price was EUR 0.2 per 

kWh in the period 2005–2016. In the same period, the EU average electricity price and energy tax 

increased by 3.3% and 2.35% per year, respectively. Besides, the household sector participated with 

the average of 48% in total energy tax revenues paid by all energy sectors [4]. Moreover, the 

movements in the implicit tax rate on energy, defined as the ratio of energy tax revenues to final 

energy consumption, from 193.88 EUR per ton of oil equivalent (toe) in 2005 to 234.79 EUR per toe in 

2016 [4], additionally point to an increasing issue of energy poverty. The energy policy authorities 

have to determine economically efficient, environmental effective and socially acceptable policy 

instruments. 

To find optimal energy taxation and effectively leverage this instrument, it is important to 

understand how energy tax changes affect residential electricity consumption. As stated by Alberini 

and Filippini [7], the effectiveness of an electricity policy depends upon the price elasticity of 

electricity demand. If electricity demand is price-inelastic, energy taxes could be efficient from the 

government budget point of view. By contrast, it would be inefficient from the environmental and 

social point of view and hence they would not contribute to the achievement of the EU energy policy 

targets. Bearing the above in mind, it is necessary to create a multivariate research framework for 

exploring the effects of energy taxes on residential electricity consumption. It should include not 

only economic and institutional variables, but also social and contextual variables as the explanatory 

variables. 

Besides, the movements in electricity consumption may be caused by the movements in income 

or GDP per capita. In most cases, theoretical and empirical findings confirm the relationship 

between electricity consumption and GDP, what cannot be said for the direction of causality (for a 

review, see [8,9]). However, regardless of this direction, a wise use of electricity cannot hinder GDP 

growth. Recently, several studies have started to consider energy consumption as an indicator of 

overall environmental pressure and hence conducted research aiming to test the relationship 

between energy consumption and GDP [10–14] or electricity consumption and GDP [15,16] within 

the so-called environmental Kuznets curve (EKC). Although some of them have confirmed its 

existence [10,13–16], and therefore that the environmental quality deteriorates at early stages of 

economic growth and subsequently improves at later stages, their results are inconclusive in general 

and call for new research. 

The aim of the present paper is twofold. First, it aims to directly investigate the effects of energy 

taxes on residential electricity consumption by incorporating the energy tax variable into the 

empirical model, and indirectly through the own and cross price and income elasticity of household 

demand for electricity for 28 EU member countries in the period 2005–2016. Second, it attempts to 

http://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:EU_enlargements
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test the validity of the residential electricity environmental Kuznets curve (EEKC) in a multivariate 

framework to find out whether a continuous increase in GDP per capita in EU countries will tend to 

decline electricity consumption and hence environmental pressures at some point in time. 

Sensitivity of electricity demand to prices and income has been extensively studied (see [17]). 

However, studies aiming to directly explore the efficiency of energy taxes are missing, particularly 

those based on the EEKC hypothesis. Namely, the existing studies are largely based on empirical 

analysis of household response to electricity price changes without considering the EKC (e.g., [7]), or 

doing that but not considering energy taxes (e.g., [14]), or considering taxes but not the price 

elasticity within the framework of the EKC (e.g., [18,19]). The present paper aims to close this gap by 

examining the effects of energy taxes and selected socio-economic and contextual variables 

including the price and income elasticity of residential electricity demand thereon within the context 

of the EEKC. To that end, a dynamic panel analysis is conducted. 

The paper provides three distinctive contributions. First, it directly and indirectly explores the 

effects of energy taxes on residential electricity consumption. Given that, energy taxes turn out to be 

an inefficient policy instrument for a direct influence on residential electricity consumption. By 

contrast, as a policy-induced part of electricity prices, they have a statistically significant influence 

thereon. Second, it tests the validity of the EEKC in a multivariate setting and a system generalized 

method of moments (SYS-GMM) framework, and confirms its validity. Third, it shows that 

electricity consumption is highly dependent on its past behavior, which is in turn determined by the 

previous economic situation, electricity-related behavior and electricity practices in using 

technologies. Since acquired habits and practices in consumption cannot be quickly changed, 

education may play an important role therein. By contrast, income poverty does not significantly 

influence electricity consumption. 

The remainder of the paper is organized as follows. Section 2 describes the theoretical 

foundation underlining the energy-related environmental taxes and the residential electricity 

consumption–development relationship. It also reviews the previous findings related to the research 

subjects. Section 3 introduces the data and methods used in estimating the empirical residential 

electricity consumption functions. Section 4 presents and discusses the results obtained. Section 5 

provides the summary of findings, recommendations and concluding remarks. 

2. Contextual Background with a Literature Review 

In the literature, the theoretical foundation underlining energy-related environmental taxes and 

their effects on an economy and environment is intensively discussed (e.g., [20]) as well as the 

related empirics (for a survey, see [21–24]). 

Energy tax is introduced to compensate for market failures such as negative externalities 

generated by economic activities and ensure an increase in government revenues. In the last twenty 

years, its introduction was also motivated by the need to decrease environmental impacts by 

lowering energy consumption and increase energy security by redirecting energy use towards a 

less-dependent energy supply structure. For an overview of the reasons behind energy tax 

introduction, see [25–27]. Sterner and Koehlin [5] revealed that environmental taxation seems to 

have a more prominent role in Europe than in other countries, partially due to greater reliance on 

and acceptance of taxes and possibly a larger public sector in general, as well as more ambitious 

energy and environmental goals. Kosonen and Nicodeme [28] examined the role of fiscal 

instruments in energy and environmental policies in the EU. They highlighted that fiscal 

instruments such as taxation can play an important role in achieving the EU energy targets alone or 

in complementing other market-based instruments and regulatory measures, particularly when 

environmental damages are not location-specific and do not vary with the source of pollution. 

In competitive markets, described by neoclassical microeconomic theory, taxation influences 

volumes and society suffers an efficiency loss which should be compared to the benefits obtained by 

taxation. This is because taxation constrains the effects of the market mechanism, which commonly 

leads to a Pareto optimal allocation of production factors. In the early 1920s, according to Bye and 

Bruvoll [25], Franck Ramsey already said that such taxation should be put on the least elastic goods 
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to minimize the efficiency losses. Since energy goods generally show a low elasticity of demand [17], 

they are considered as suitable goods for taxation. 

The theoretical, efficiency-related basis for energy taxes is to be found in the theory of optimal 

taxation [27] which aims to minimize welfare losses through a second best tax structure. According 

to this theory, any tax (except lump-sum alternatives) influences the behavior of individuals, leads to 

distortions of market behavior and reduces welfare. It generates thereby two effects: an income 

redistribution effect (a transfer of money between the private and public sectors and wealth 

worsening, particularly of lower income households) and a substitution effect (favoring the 

consumption of goods that are cheaper, i.e., less affected by taxation). 

However, in addition to fiscal benefits, corrections of negative externalities and imperfectly 

competitive market positions as well as insurance of environmental and energy security have 

become important arguments for taxing energy production and consumption. In the early 1920s, 

Arthur C. Pigou already pointed out that taxes (more precisely, a direct tax on carbon emissions) to 

internalize negative externalities (i.e., carbon dioxide (CO2) abatement) could be used as the most 

efficient tax instrument observed [25]. From the welfare theory point of view, this is true and 

environmental taxes are an effective and efficient instrument that can be used for that purpose [29]. 

Most empirical research has corroborated that an increased environmental tax may have beneficial 

effects on the environment (for a review, see [21]; see also [18]). 

In the 1990s, the double-dividend hypothesis emerged. It states that it is possible to achieve a 

double benefit, i.e., environmental and economic, by imposing (or increasing) an environmental tax 

and, at the same time, reducing other taxes, keeping the same government revenues. 

Freiere-Gonzales [24], who carried out a survey including a statistical and a meta-regression analysis 

of the empirical literature related to this topic, demonstrated that empirical research corroborated 

the environmental effect, what cannot be clearly said for the size of the fiscal/economy effects. 

Using cross-sectional regression and panel dynamic regression, Miller and Vela [30] examined 

the effectiveness of environmental taxes for 50 countries from all world regions for the period 1995–

2010. They found that countries with higher revenues from environmental taxes exhibit higher 

reductions in CO2 emissions, particulate matter (PM10 emissions, and energy consumption and 

production from fossil sources. Morley [18] studied the relationship between environmental taxes 

and pollution as well as energy consumption by employing a dynamic panel analysis for EU 

countries and Norway for the period 1995–2006. He has unveiled a significant negative relationship 

between environmental taxes and pollution, but no relationship between environmental taxes and 

energy consumption. The latter implies, as he underlined, that pollution is being reduced through 

the use of cleaner technologies. Besides, he failed to confirm the validity of the EKC. 

However, although energy taxes or environmental taxes in general may generate the double 

dividend, i.e., a cleaner environment and revenues that can be used to reduce distortionary taxes, 

they may generate unfavorable consequences at the same time. For example, such consequence is the 

regressive effect on income distribution [31]. Namely, energy products are generally necessary 

goods, and an increase in price of such goods induced by energy taxes particularly burdens 

households with lower incomes. 

The Organization for Economic Co-operation and Development (OECD, [32]) has also stressed 

that taxation already provides a useful environmental policy instrument, but that its use could be 

made more effective. However, two policy concerns prevent its usage more widely. First, there is a 

concern that energy taxes will lessen the international competitiveness of some sectors and hence 

lead to losses of jobs and revenues since their rates vary widely from country to country. Second, an 

increase in existing energy taxes or an introduction of new ones may have an adverse distributional 

effect and intensify energy poverty. Oueslati et al. [33] examined the relationship between energy 

taxes and income inequality for 34 OECD countries from 1995 to 2011. They have showed that the 

size and direction of the relationship between the share of revenues from energy taxes in GDP and 

income inequalities depend on the presence of explicit tax revenue recycling mechanisms. 

The literature has also shown a particularly growing interest in explaining the relationship 

between environmental pressures and income level during the last decade. Namely, in the early 
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1990s, income inequality was related to environmental degradation, and Grossman and Krueger [34] 

were the first to empirically demonstrate that the relationship between environmental degradation 

and economic growth has an inverted U-shape. This finding led them to the conclusion that 

environmental quality deteriorates at early stages of economic growth and subsequently improves 

at later stages. This hypothesis was called the EKC after Simon Kuznets, who asserted in the 1950s 

that income distribution and income level can be described by an inverted U-curve. 

Since then, many empirical studies have been conducted to test the presence of the EKC. Some 

of them were focused on European countries and provided evidence of its presence (e.g., Auci and 

Trovato [35] for 25 EU countries for the period 1997–2005; Lapinskiene et al. [19] for 20 EU countries 

for the period 2006–2013), while some of them failed to do that (e.g., Mazur et al. [36], who did not 

confirm the existence of the EKC for all 28 EU countries, but only for 16 older EU countries for the 

period 1992–2010). 

Instead of using the amount of pollutants or the level of GHG emissions as indices for 

environmental pressures, empirical studies have recently started to use the level of energy or 

electricity consumption as an indicator of an overall environmental pressure [10–16]. This paper 

follows them. This is because energy consumption is a source of several environmental problems, as 

Suri and Chapman [10] underlined. Kounetas [37] found that energy consumption accounts for 

approximately 80% of anthropogenic GHG emissions in the EU, while several studies around the 

world also corroborated that household electricity use is directly responsible for significant GHG 

emissions (e.g., [38,39]). 

Suri and Chapman [10], who conducted one of the early research into the energy EKC, 

confirmed its existence for the commercial sector for 33 countries in all parts of the world over the 

period 1971–1991. They also investigated the impact of imports and exports of manufactured goods 

on the EKC by means of pooled cross-country and time-series data. Luzzati and Orsini [11] 

examined the energy EKC for 113 countries over the period 1971–2004. They used carbon dioxide 

emission as the dependent variable and real GDP per capita, population and industry share as the 

independent variables. They concluded that the estimates cannot support its existence. The same 

conclusion was drawn by Pablo-Romero and de Jesus [12], who examined the energy EKC for the 

Latin America region for the period 1990–2011, while Aruga [13] found evidence that the energy 

EKC hypothesis sustains for the whole Asia-Pacific region for the period 1984–2014. Morley [18] did 

not find any evidence that GDP per capita in both linear and nonlinear forms had the expected 

nonlinear effect on energy consumption in the EU for the period 1995–2006. By contrast, 

Pablo-Romero and Sanchez-Brada [14] provided evidence on the existence of the residential energy 

EKC for EU-28 countries in the period 1990–2013. They used the share of urban population in total 

population as a control variable and a multilevel mixed-effects model for parameter estimation. 

In general, there is little evidence for the relationship between the electricity-development 

linkages as well as the effect of energy taxes and other explanatory variables on residential electricity 

consumption. Exploring the relationship between environmental pressures, i.e., residential 

electricity consumption, economic development and energy-related environmental taxes within the 

framework of the EEKC hypothesis, the present paper complements previous research. However, it 

also expands knowledge by examining not only the direct effect of energy taxes within the EEKC on 

residential electricity consumption which is an important source of environmental degradation, but 

also indirect effects through electricity and gas prices. Additionally, exploring the effects of 

economic, institutional, sociological and contextual determinants of electricity consumption requires 

an integrated approach which is often overlooked in research in this field. 

3. Data and Methods 

3.1. Data 

To achieve the aims of the paper, the following empirical panel data model was set: 

electricityit = f(Yit, Pel, Pgas, taxit, educit, povertyit, climateit, recessionit) (1) 
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where Yit denotes real GDP per capita for the country i (i = 1, …, 28) in the year t (t = 2005, …, 2016). 

electricityit refers to residential electricity consumption per capita, Pel stands for electricity prices for 

medium-sized households with annual consumption ranging between 2500 kWh and 5000 kWh, and 

Pgas stands for natural gas prices. They are defined as the average national price in euro per gigajoule 

(GJ) including taxes and levies applicable for the first semester of each year for medium-sized 

households (consumption band D2 with annual consumption between 20 and 200 GJ). Until 2007, 

the prices referred to the status on 1 January of each year for medium-sized consumers (standard 

consumer D2 with annual consumption of 83.70 GJ). Natural gas is considered as an alternative fuel. 

taxit denotes energy taxes which reflect the total energy tax revenues as already mentioned. They 

entered the model as a percentage of GDP. educit stands for tertiary education and captures the 

percent of population from 15 to 64 with tertiary education. Finally, povertyit represents the 

at-risk-of-poverty rate, which is defined by Eurostat as the percentage of population with an 

equalized income below the risk-of-poverty threshold, set at 60% of the median equalized income 

after social transfers. 

A set of explanatory variables also includes two variables represented in the form of a dummy 

variable, i.e., climate conditions (climateit) and recession (recessionit). Both variables are time variant. 

Most recent studies use heating and cooling degree days to account for climate conditions. We 

follow Lechtenboehmer and Schuering [40], who distinguished between warm, moderate and cold 

climate zones, where a warm climate zone has fewer than 2200 heating and cooling degree days 

(HCDD), a moderate climate zone between 2200 and 4200 HDD, and a cold climate zone more than 

4200 HDD. The recession dummy variable was included into models to capture the business cycle 

effect. 

Summary information on the data is given in Table 1 (the first column). All data were provided 

by Eurostat, with the exception of the price deflator whose source is the International Monetary 

Fund (IMF, [41]). The price deflator was used to deflate the nominal variables, i.e., to remove the 

effect of inflation therefrom. The logarithmic values of the following variables are used in further 

analysis: electricity consumption per inhabitant, real GDP per inhabitant, real electricity and natural 

gas prices. The paper uses panel data which observe the behavior of EU countries across time. The 

panel is unbalanced. Each country has its own specificities (individual effects) and hence the panel 

econometric technique is well suited to the aim of this paper. 

Table 1. Descriptive statistics. 

Variable Symbol Obs Mean Std. Dev. Min Max VIF 

Household electricity consumption (kWh per 

capita; tsdpc310, tps00001) 
electricity 336 1650.64 842.04 431.85 4.922.77  

Real GDP per capita (const EUR; tec00001) Y 336 24,873.38 16,480.54 4181.50 84,368.38 3.62 

Electricity prices for medium-sized households 

(const EUR_centi per kWh; ten00117) 
Pel 336 15.68 5.10 6.88 29.16 4.08 

Natural gas prices for medium-sized households 

(const EUR per GJ; ten00118) 
Pgas 292 15.358 5.95 5.10 35.90 3.28 

Education—% of population from 15 to 64 with 

tertiary education (edat_lfs_9903) 
educ 336 23.55 7.40 9.1 39.6 1.67 

Recession dummy (1 if real GDP fell in the 

current year compared with the previous one; 0 

otherwise; tec00001) 

recession 336 0.24 0.43 0.00 1.00 1.08 

Climate conditions (1 if a country has more than 

2200 HDD; 0 otherwise; nrg_chdd) 
climate 336 0.095 0.29 0.00 1.00 1.20 

Energy taxes (% of GDP; env_ac_tax) tax 336 1.91 0.42 1.11 3.13 1.14 

At-risk-of poverty rate (%; ilc_peps01) poverty 331 16.307 3.830 8.6 26.4 1.44 

Source of data: Eurostat [5]; Note: The Eurostat’s code for initial time series is given in brackets. 

  



Sustainability 2018, 10, 2464 7 of 16 

3.2. Methods 

The general linear regression model with panel data can be represented as Equation (2) (see 

[42]):  

,'

ititit Xy  ++=  (2) 

where i and t represent an individual (i = 1, …, N) and a period (t = 1, …, T), respectively. Yit is a 

dependent, endogenous variable. 
'

itX  is a K-dimensional row vector of explanatory variables (K is 

their total number). α is an intercept and β is a K-dimensional column vector of parameters to be 

estimated. Errors are independent and identically distributed, with the usual properties, mean 0, 

uncorrelated with themselves, uncorrelated with X and ui and homoscedastic, i.e., εit ~ IID(0, δ2ε). 

There are two types of panel models represented by Equation (1): the fixed effects model and 

the random effects model, assuming unobservable random variables that could be correlated to 

other regressors, or are not correlated to any, respectively. Hausman’s specification test is used to 

choose between these two model types. It compares two estimators under the null hypothesis of no 

significant difference. If the null is not rejected, the more efficient random effects estimator is chosen. 

Moreover, there is a dynamic panel model that aims to incorporate into estimation the relations 

of causality generated within the model as a way of dealing with the endogeneity issue (see Baltagi 

[42]). This paper uses a dynamic panel model with the SYS-GMM estimator that enables capturing 

the dynamic nature of residential electricity consumption by including the dependent variable also 

as a lagged variable among the regressors. Thus, in a dynamic framework, Equation (2) can be 

specified as follows (see [42]): 

,'

1 itititit Xyy  +++= −  (3) 

where λ is a parameter of the lagged dependent variable, and i = 1, …, N; t = 1, ..., T. GMM estimation 

is based on the first difference transformation of Equation (3) and the subsequent elimination of 

individual-specific effects [42]: 

,'

1 itititit Xyy  ++= −  (4) 

where Δ is the first difference operator, i = 1, …, N; t = 1, ..., T. Thus, two equations, one in level and 

one in the first difference, are estimated simultaneously. The equation in levels is instrumented with 

lagged differences, and the equation in differences is instrumented with lagged variables (at least 

twice) in levels. In addition to the usual goodness-of-fit measures (such as the F test), the estimated 

dynamic model may be evaluated by employing two tests: the Sargant test (or the Hansen J test in 

robust estimation) to check the validity of the instruments with the null hypothesis that all 

instruments are exogenous as a group, and the Arellano–Bond second-order serial correlation 

(AR(2)) test to check the hypothesis that the error term is serially uncorrelated. More details on panel 

data analysis are given in Baltagi [42]. To conduct a static and dynamic panel analysis, the 

user-written xtbond2 command by Roodman [43] in Stata 13.0 on Microsoft Windows is used in this 

paper. 

Due to benefits generated by the dynamic panel model with the SYS-GMM estimator (e.g., 

resolving the issue of unobserved cross-section heterogeneity, omitted variable bias, measurement 

error and potential endogeneity that may affect parameter estimation), it has already been used in 

empirical research of consumer determinants (e.g., [44]). 

4. Results with Discussion 

4.1. Results of Preliminary Analysis 

Descriptive statistics (Table 1) reveal that there are wide varieties in the observed variables 

across EU-28 countries. This can be seen in the wide range between the minimum and maximum 

values. Electricity consumption varies significantly across countries, whereby more developed EU 

countries use more electricity than less developed, Central and Eastern EU countries. Usually, 
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electricity prices and natural gas prices are smaller in the latter as well as the share of highly 

educated people in total population, while the percentage of people at risk of poverty is higher. 

Before conducting panel data analysis, the selected panel data have to be examined by unit root 

tests since the applied panel method assumes the stationarity in a panel dataset. In this paper, 

stationarity is tested by the Levin–Lin–Chu test. Exceptions are the panel datasets for natural gas 

prices and the at-risk-of-poverty rate. Since these panel datasets are unbalanced, the Fisher-type 

Phillips–Peron (PP) unit root test is used for the same purpose. To mitigate the effect of 

cross-sectional correlation which may appear because EU countries share some similarities, the 

version of the test in which the removed cross-sectional means was employed. Table A1 in the 

Appendix A shows the results for the variables included in the analysis. The null hypothesis that the 

panels contain unit roots at levels can be rejected at a 5% critical value for all of them, meaning that 

the series are stationary. 

As shown in Table A2 in the Appendix A, the dependent variable is not strongly correlated 

with the explanatory variables, reducing the possibility that the regression results would be 

inconsistent and biased. Nevertheless, we use panel regression models with a robust standard error 

to account for the possible problem of heteroskedastic and autocorrelated error structure. Moreover, 

the correlation coefficients indicate that multicollinearity should not be an issue in panel analysis 

even between the energy tax rate and electricity price variables. This is additionally confirmed by the 

variance inflation factors (VIF) (see Table 1, the last column). 

4.2. Regression Results with Discussion 

To explain the residential electricity consumption–development relationship within the EU, 

panel data for the period 2005–2016 are used. The explanatory variables reflect a socio-economic, 

institutional and contextual context. Different static and dynamic panel models were run with 

robust standard error. Models 1–4 refer to the static panel regression models, while Models 5 and 6 

refer to the dynamic panel regression models. The instruments include the first lags of the 

explanatory variables in both transformed and untransformed form, whereby the lagged dependent 

variable was instrumented up to the third lag in the dynamic panel models. 

Moreover, as is common in the literature on the EKC, several model variants (Models 1, 2, 4, 

and 6) include both linear and nonlinear squared form of real GDP per capita. Table 2 gives the 

estimation results of different econometric model specifications. 

Considering the model diagnostic tests, all models fit the reality in a satisfactory way. The 

values of R2 indicate that the more complex static panel models account for more than 55% of 

variance of residential electricity consumption, while F statistics indicate the models are correctly 

specified. Hausman tests were used to detect which static panel model specifications are more 

appropriate. Their results are presented in Table 2. With respect to the dynamic panel models, the 

Hansen J test statistics of overidentifying restrictions is satisfactory in both cases, suggesting that the 

instruments used in regressions are valid and the models are correctly specified. Besides, the tests 

for AR(2) errors reveal the models have no second-order autocorrelation which may cause the 

inconsistency of the SYS-GMM estimate. Moreover, the number of instruments does not exceed the 

number of groups. Bearing also in mind the benefits of using the SYS-GMM model, we consider 

particularly the estimated coefficients from this technique to be the most reliable. The dynamic panel 

models recognize past behavior of electricity consumption, real GDP per capita, real electricity 

prices and climate conditions as well as the share of highly educated people in GDP as important 

determinants of residential electricity consumption in the EU under the period of study. 
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Table 2. Estimation results: static and dynamic panel regression models. 

Model Type Model 1: Fixed Model 2: Fixed Model 3: Random Model 4: Random Model 5: Dynamic Model 6: Dynamic 

Variable 
Estimated 

Coefficient 

Robust 

St.err. 

Estimated 

Coefficient 

Robust 

St.err. 

Estimated 

Coefficient 

Robust 

St.err. 

Estimated 

Coefficient 

Robust 

St.err. 

Estimated 

Coefficient 

Robust 

St.err. 

Estimated 

Coefficient 

Robust 

St.err. 

electricity  

(t − 1) 
        0.917 * 0.037 0.856 * 0.058 

Y 2.797 * 0.988 2.699 ** 1.010 0.333 * 0.071 2.151 ** 1.037 0.034 *** 0.019 1.620 ** 0.593 

Y2 −0.137 ** 0.051 −0.131 ** 0.052   −0.094 ** 0.053   −0.078 ** 0.029 

Pel     −0.186 * 0.063 −0.177 * 0.062 −0.064 * 0.020 −0.131 * 0.039 

Pgas     0.046 0.045 0.041 0.048 0.019 0.024 0.027 0.033 

recession     0.018 ** 0.008 0.015 0.009 0.015 0.010 −0.005 0.007 

climate     0.063 * 0.017 0.069 * 0.019 0.039 * 0.016 0.058 ** 0.028 

tax    0.021 0.022 0.082 ** 0.039 0.077 *** 0.041 0.003 0.009 0.023 0.034 

poverty     0.000 0.004 0.001 0.004 0.000 0.001 0.001 0.002 

educ     0.001 0.003 0.001 0.003 0.000 0.001 −0.001 *** 0.001 

const −6.875 4.913 −6.572 4.937 4.144 * 0.700 −4.558 5.078 0.376 0.221 −7.133 ** 2.828 

Number of 

obs. 
336 336 287 287 264 264 

Number of 

groups/ 

Instruments 

28 28 25 25 25 25 

R2-between 0.277 0.358 0.583 0.594   

Wald χ2 

F-test  

F(2, 27) = 4.68;  

p = 0.018 

F(3, 27) = 3,85;  

p = 0.020 

Wald χ2(8) = 37.44;  

p = 0.000 

Wald χ2(9) = 38.56;  

p = 0.000 

F(9, 24) = 1173.77;  

p = 0.000 

F(10, 24) = 267.97; 

p = 0.000 

AR(1)         Z = −2.44; p = 0.015 Z = −2.59; p = 0.010 

AR(2)         Z = 1.62; p = 0.105 Z = 1.31; p = 0.190 

Hausman 

test/Hansen 

J test 

Hausman test: 14.47;  

p = 0.001 

Hausman test: 11.04;  

p = 0.012 

Hausman test: 1.41;  

p = 0.994 

Hausman test: 10.02;  

p = 0.349 

Hansen J test:  

χ2(15) = 19.47  

p = 0.193 

Hansen J test:  

χ2(14) = 18.74:  

p = 0.175 

Note: *, ** and *** indicate significance at the 1%, 5% and 10% levels, respectively. St.err. = standard error. 
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Traditionally, it is assumed that there is a significant relationship between GDP and electricity 

consumption [8,9]. This paper confirms that real GDP per capita, which reflects the level of 

development and household income, is an important determinant of household electricity 

consumption in all model specifications. The positive sign indicates that its increase leads to an 

increase in the dependent variable, holding everything else constant. This may be a consequence of 

the rebound effect, which assumes that improvements in technical efficiency in the use of electricity 

caused by higher GDP leads to an increase in demand for energy. The negative sign of real GDP per 

capita squared suggests the EEKC hypothesis holds even in the multivariate environment (Models 4 

and 6). This means that there is a non-linear relationship with a maximum point from which an 

increase in real GDP per capita will no longer be followed by an increase in electricity consumption, 

i.e., environmental degradation. After that point, its increase will tend to reduce electricity 

consumption and hence environmental degradation. These results are in line with the findings of 

Pablo-Romero and Sanchez-Brada [14], who have unveiled the existence of the residential energy 

EKC for the EU-28 for the period 1990–2013. 

The share of energy tax revenues in GDP turn out to be positive but not significant in the 

dynamic panel model settings, meaning that energy tax is not an effective policy tool for influencing 

directly residential electricity consumption. This can be a consequence of its unequal distribution 

across EU countries and the government efforts to mitigate its negative effects on low income 

households by using different subventions, exemptions or reduction schemes. 

Inefficiency of energy or environmental taxes in general in European countries has already been 

implicitly observed (see Ekins and Speck [45] for the Western European countries in the 1990s or 

Morley [18] for EU countries and Norway for the period 1995–2006. However, Lapinskiene et al. [19] 

revealed that higher energy taxes together with research and development and the number of 

sustainable enterprises decreased the level of greenhouse gases in 20 EU countries during 2006–2013. 

In contrast to energy taxes, real prices of electricity have a statistically significant and negative 

influence on residential electricity consumption, what is consistent with traditional economic theory. 

This also means that energy taxes, which have a direct effect on the policy-induced component of 

electricity prices, may influence indirectly, but in that way more efficiently, residential electricity 

consumption. The price elasticity of electricity demand, known also under the name own price 

elasticity, reflects the sensitivity of household demand to the price of electricity. Its estimated values 

in Table 2 indicate a very low price elasticity, i.e., around −0.1. Evidently, household electricity 

demand is price-inelastic in the short-run and this is consistent with numerous studies. For example, 

for the period 1995–2007, Alberini and Filippini [7] estimated the short- and the long-run own price 

elasticity for 48 US states to amount between −0.08 and −0.15 and between −0.44 to −0.73, 

respectively. Azevedo et al. [46] found that the short price elasticity was −0.2 for the EU in the period 

1990–2004. 

Covering the period 1947–1997, Espey and Espey [47] carried out a meta-analysis for residential 

electricity demand from around the world and unveiled that the short- and the long-run price 

elasticity amounted to −0.35 and −0.85, respectively. Labandeira and coworkers’ [17] meta-analysis 

of studies, also from around the world, reports a lower mean short-run price elasticity of electricity 

demand of –0.21 and a mean long-run elasticity of –0.67 for the period 1990–2014. 

This paper shows that the own long-run price elasticities hover around −0.85 (−0.8 in Model 5 

and −0.9 in Model 6). They were calculated by dividing the estimated short-run own price elasticity 

by the estimate on one minus the estimated value of the lagged dependent variable. Thus, by 

comparing our results to others, we estimate a similar short-run price elasticity of electricity demand 

and a little higher long-run price elasticity. The latter can be explained by the fact that this paper is 

focused on the EU which is strongly committed to accomplishing the energy targets for 2020 and 

2030 by supporting environmental investment and energy efficiency improvements as well as the 

usage of more energy saving and environmentally friendly products and improvements. 

Statistical significance of the electricity price variable indicates that its level and structure 

should be considered and used as a valuable socio-economic and energy policy tool for developing 

more effective electricity pricing schemes, as observed by Filipovic et al. [48]. However, a very low 
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price elasticity of electricity indicates that, at least in the short-run, energy policy will not be effective 

from the environmental and social point of view. This means that households will not have much 

incentive to invest in electricity efficient or electricity conservation innovations to reduce electricity 

consumption in the case of an electricity price increase in the short-run. However, in the long-run, 

faced with an increase in electricity prices, households are more likely to invest in these innovations 

to lower their electricity bills. Evidently, electricity consumption needs time to be adjusted according 

to changes in the environment. 

The cross price elasticity, i.e., elasticity of electricity consumption on gas prices, is positive, 

suggesting there is a substitution relationship between electricity and gas. However, this 

relationship is not statistically significant in either of the model variants. 

Espey and Espey [47] observed that electricity affordability risk is more pronounced in 

countries with lower real GDP per capita, while Auci and Trovato [35] and Mazur et al. [36] have 

corroborated that some areas within Europe, particularly in Central Eastern and South Europe, are 

also deprived of access to a secure supply of clean and affordable energy, and that their choice of 

fuel is more limited. Pye et al. [49] estimated that nearly 11% of the EU’s population is in such 

situation, while Borozan [44] revealed a statistically significant effect of the at-risk-of-poverty rate on 

residential energy consumption across EU regions. However, this variable turned out to be an 

insignificant determinant of residential electricity consumption in this study. It seems that 

differences observable at the EU regional level related to poverty tend to be neutralized at the 

aggregated level. Additionally, the reason could be the fact that this study investigates electricity 

consumption but not total energy consumption of the residential sector. Further research should 

explore more deeply the reasons therefor. 

Since recession leads to unemployment and poverty, it also increases uncertainty on future 

income and its stability. Consequently, the dynamic panel models show that countries stuck in 

recession have lower residential electricity consumption than those in expansion. However, the 

recession variable does not have a statistically significance effect thereon, which is inconsistent with 

Bertoldi et al. [50] or Borozan [44], who have observed this influence in the EU. 

Climatic conditions turn out to be statistically significant in both dynamic panel models; 

probably because the large part of energy is used for space heating. Colder weather will increase 

electricity consumption more than warmer weather, as pointed out by Kavousian [51] or Borozan 

[44]. 

The paper shows that current residential electricity consumption behavior is also determined 

by its past behavior, confirming thereby its dynamic and universal nature as well as the application 

of the dynamic panel method. This dependence has already been noticed in the literature [44]. 

Judging by the estimated coefficient values, the lag of electricity consumption has the largest impact 

on electricity consumption. The previous economic situation together with created electricity-related 

behavior and electricity practices in relation to using technologies are obviously important in 

determining future behavior. 

Almeida et al. [52] highlighted that behavioral changes are one of the most effective ways for 

reducing electricity consumption in the residential sector. Since acquired habits and practices in 

consumption cannot be quickly changed, education may play an important role therein. This paper 

corroborates its statistical significance in the dynamic settings and suggests a larger share of highly 

educated people in total population and smaller electricity consumption, holding everything else 

constant. More educated people are more prone to use modern energy saving appliances and energy 

saving innovations in general. On the other hand, they usually have higher disposable income and 

better financial capacities to realize energy reduction and the energy efficiency improvement 

potential than less educated people or poorer people. However, the estimated coefficient for the 

education variable is very low. Moreover, the other estimated panel models suggest its statistically 

positive but insignificant influence and therefore a possible rebound effect. The favorable effect of 

tertiary education on electricity consumption must therefore be strengthened by policy measures, 

such as fostering intensive awareness-raising programs on electricity appliance labels or green 

energy and energy efficiency educational workshops and programs in schools. Other studies have 
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also found a significant effect of education level on pro-environmental behavior and/or energy use 

(e.g., [53]), while others have identified a statistically weak or insignificant one (e.g., [54]). Almeida 

et al. [52] estimated that the potential electricity savings that can be implemented by existing 

technologies and improved behavior can reach 48% in the European residential sector. 

To summarize, since residential electricity demand is price-inelastic in the short run, energy 

policy makers need to design a set of measures which will have short-run and long-run effects. Thus, 

they have to combine different regulations (e.g., stronger building codes and more demanded 

appliance standards) and financial schemes and incentives with informational, educational and 

awareness-raising programs and measures. An example for that is equipping households with 

intelligent metering systems or organizing green energy and electricity efficiency campaigns 

targeted to change consumer behavior and practices used. On the other hand, they have to stimulate 

research and development in this area because a new and more efficient electricity technology is 

needed. Further research should show how a combination of these policy programs and measures as 

well as a changing mix of electricity sources towards more green sources will affect the expected 

residential electricity development path. 

5. Conclusions 

Energy policy authorities have to determine economically efficient, environmentally effective 

and socially acceptable policy instruments to accomplish energy targets. To that end, the EU has 

used several energy policy instruments and adopted several measures including energy taxes, 

which this paper is based on. Energy taxes burden the prices of energy products such as fuel, 

transport and electricity. For example, their proportion amounts to about a third of final electricity 

prices by households in the EU. In the last several years, on average, energy tax revenues have 

accounted for slightly less than 2% of GDP and slightly less than 5% of total tax and social 

contribution revenues. 

Eurostat data show that households account for approximately 30% of final electricity 

consumption and 25% of final energy consumption. Besides, the household sector has participated 

with the average of 48% in total energy tax revenues paid by all energy sectors, confirming thereby 

its important role in accomplishing the EU energy targets and a particular interest in this research. In 

the period from 2005 to 2016, household electricity consumption fell by about 1%. This drop is 

desirable from an environmental point of view, but an increase in energy poverty caused also by 

high electricity bills has been observed in the same period. 

The present paper has aimed: (i) to directly explore the effect of energy taxes on residential 

electricity consumption by incorporating the energy tax variable into the model, and indirectly 

through the own and cross price and income elasticity of household demand for electricity; and (ii) 

to test the validity of the household EEKC in the multivariate setting and SYS-GMM framework for 

28 EU member countries in the period 2005–2016. 

Energy tax revenues turned out to be an inefficient policy instrument for directly influencing 

electricity consumption due to different subventions, exemptions or reduction schemes applied 

across the EU. However, as a policy-induced part of electricity prices, they statistically significantly 

and negatively influence residential electricity consumption. Household electricity demand is 

price-inelastic in the short-run, what makes policy price incentives directed to reduce consumption 

ineffective. By contrast, in the long-run, households are more likely to invest in energy efficient 

and/or energy conservation innovations as a response to an electricity price increase. 

As for the EEKC, the paper corroborated its inverted U-shaped form, assuming thereby at least 

the same level of policy efforts directed to accomplish energy targets and household willingness to 

use goods in an environmentally friendly way. Further research should determine the maximum 

amount after which an increase in GDP will lead to a decrease in residential electricity consumption. 

The paper also provided evidence that electricity consumption is highly dependent on its past 

behavior, which is in turn determined by the previous economic situation, electricity-related 

behavior and electricity practices in relation to using technologies. Since acquired habits and 

practices in consumption cannot be quickly changed, education may play an important role therein. 
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By contrast, income poverty does not significantly influence electricity consumption. Nevertheless, 

energy poverty exists in the EU to some extent and the redistribution effect of energy taxes needs to 

be carefully considered. 

From an energy policy point of view, the results obtained using the dynamic panel models 

imply that a price-based policy may be effective in discouraging residential electricity consumption 

only in the long-run since electricity consumption needs time to be adjusted according to changes in 

the environment. However, energy policy should not rely only on this instrument to foster a 

transition of the EU economy to a low-carbon and energy efficient economy. Given the importance 

of the EEKC, this paper revealed that it should foster investment in human capital which leads to 

economic growth and development as well as energy efficient and pro-environmental behavior in 

general. 

However, descriptive statistics demonstrate that there are considerable socio-economic and 

institutional differences between EU countries that reflect themselves to different electricity 

consumption patterns. This paper does not consider these, but they should be carefully analyzed in 

further research and the results obtained should be considered when formulating the EU energy 

policy mix. Additionally, this paper examines the residential electricity consumption–development 

relationship within the EU. However, electricity consumption is only one type of energy used by the 

residential sector; further research should explore whether this relationship would be different if 

total residential final energy consumption or some other types were considered in a multivariate 

setting. 

Funding: This paper was supported by the Croatian Science Foundation under Grant number IP-2013-11-2203. 
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Appendix A 

Table A1. Levin–Lin–Chu unit root test results. 

Variable Constant Only Included Trend 

electricity  −4.8361 (0.000) −3.9344 (0.000) 

Y −13.1996 (0.000) −16.5601 (0.000) 

Pel −4.5705 (0.000) −10.2379 (0.000) 

Pgas * 101.3548 (0.000) 70.4396 (0.045) 

educ −5.4527 (0.000) −11.0494 (0.000) 

tax −3.9640(0.000) −11.1558 (0.000) 

climate −5.2641 (0.000) −2.7637 (0.003) 

recession −5.7766 (0.000) −4.1718 (0.000) 

poverty * 115.3862 (0.000) 102.1867 (0.000) 

Note: p values are given in parenthesis. H0 for the Levin–Lin–Chu test: panels contain unit roots. * 

The stationarity is tested by the Fisher-type Phillips–Peron unit root test. Its statistics refers to inverse 

chi-squared. H0 for this test: all panels contain unit roots. 

Table A2. Pearson correlation coefficients. 

 
Electricity Y Pel Pgas Tax Poverty Educ Climate Recession 

electricity 1.000 
      

  

Y 0.681 * 1.000 
     

  

Pel 0.318 * 0.691 * 1.000 
    

  

Pgas 0.619 * 0.653 * 0.788 * 1.000 
   

  

tax −0.077 −0.204* −0.049 0.016 1.000 
  

  

poverty −0.449 * −0.47 * −0.358 * −0.378 * 0.020 1.000 
 

  

educ 0.503 * 0.526 * 0.294 * 0.342 * −0.117 * −0.108 * 1.000   

recession ** 0.003 0.065 0.177 * 0.171 * −0.021 0.074 0.001 1.000  

climate ** 0.528 * 0.169 * −0.032 0.229 * 0.051 −0.144 * 0.294 * 0.028 1.000 

Note: * indicates significance at the 5% level. ** denotes the point-biserial correlation coefficient. 
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