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Abstract 

In European countries, because of the expensiveness of the technology required for 

the use of renewable energy sources, it can cause inflation by constantly increasing prices 

due to cost increases in the short term. However, in the long term, costs can be reduced by 

providing the necessary technological infrastructure, saving energy thanks to this 

technological development, eliminating harmful effects on the environment. In this way, 

renewable energy sources have a long-term effect on inflation. This study aims to examine 

the long-term relationship between renewable energy and inflation in European Union 

countries. It is thought that this study will contribute to the literature, since there are no 

studies that examine the relationship between renewable energy and inflation, among the 

national and international studies, which deal with the European Union countries and 

examine the PMG and CCE co-integration analyses. According to the results of the PMG 

cointegration analysis, while there is no significant relationship between inflation and 

renewable energy in the short term, renewable energy affects inflation negatively in the long 

term. According to the results of the CCE cointegration analysis, in the long run, renewable 

energy affects inflation negatively in Sweden, the United States, and Luxembourg. 

 

Keywords: Renewable Energy, Inflation, Exchange Rate, Europe Union, 

Environment, Panel Data Analysis 
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Introduction  1 

Recently, there has been growing concern that renewable energy will increase inflation 2 

in Europe. Although these doubts are justified in the short term, they are considered to be 3 

unfounded in the long term. Although the fixed costs of producing renewable energy are 4 

high, it seems to be a prerequisite for sustainable development and economic growth in the 5 

long run. Increasing the use of renewable energy resources, which are within the scope of 6 

the sustainable development goals established for 2030, makes a great contribution to 7 

achieving the determined targets. In addition, societies need to reduce energy imports by 8 

using natural resources in terms of ensuring economic growth. In addition to increasing 9 

foreign dependency, energy imports also bring along energy supply security and 10 

environmental problems created by fossil energy sources. That's why European countries 11 

create policies to increase the use of renewable energy sources. Thanks to these policies, it 12 

aims to reduce energy imports, save energy and minimize the environmental damage 13 

caused by fossil energy sources. 14 

When considered together with other energy sources, renewable energy has a 15 

constantly decreasing cost structure in the long run. Investment costs in renewable energy 16 

are decreasing over time with the development of technology. The incentive policies 17 

implemented by the European Union countries on high technology and renewable energy 18 

ensure that the costs arising from renewable energy sources decrease over time. The costs 19 

arising from the use of renewable energy are high at the initial stage of installation. Thanks 20 

to the technological development that emerged later, energy savings and reduced damage 21 

to the environment result in a reduction in costs in the long run. In this way, a long-term 22 

decrease in inflation arising from costs can be realized. 23 

 24 

 25 

 26 

 27 



Figure 1: Renewable energy transition Dynamics 28 

29 

Timmons et al. 2014, 32 30 

Another reason why renewable energy sources have a positive effect on economic 31 

growth is the constant rise in the prices of fossil energy sources. Figure 1 shows Renewable 32 

energy transition dynamics. According to Figure 1, the consumption of renewable energy 33 

sources will be adopted when fossil energy sources become so scarce that they are more 34 

expensive than renewable energy sources. Due to the continuous depletion of fossil fuels, 35 

the cost of extracting these resources also increases over time. Therefore, the prices of 36 

these energy sources are also increasing. According to Figure 1, the increasing cost of fossil 37 

fuel extraction (MCfossil) is shown by the price path with a positive slope and the cost of 38 

renewable energy extraction (MCrenewable) with a negative slope. At time t1 the costs for 39 

fossil fuels and renewable energy are equal. While the extraction costs and hence prices of 40 

fossil fuels will increase over time, renewable energy costs will decrease. After the t1 41 

period, renewable energy will become cheaper than fossil fuels and will be preferred more. 42 

Political, economic, and ethnic conflicts within energy-exporting countries can have 43 

negative effects on Europe's energy supply and investments in energy infrastructure. At 44 

the same time, since the energy sector is under the monopoly of governments, governments 45 

can use it as a political weapon in case of any economic or political turmoil (Demir and 46 

Baş 2020, 814). Today, the war and tension between Russia and Ukraine have seriously 47 

threatened the energy resource security of Western Europe from Russia. In this case, it is 48 

seen that Europe needs alternative and renewable energy sources. In this context, 49 



renewable energy will save Europe from being dependent on foreign sources both 50 

politically and economically. 51 

In the first part of the study, renewable energy and its effect on inflation are examined 52 

with theoretical explanations. In the second part, national and international studies 53 

examining the relationship between renewable energy and inflation and the results 54 

obtained are emphasized. In the third chapter, the econometric analysis studies and the 55 

results are explained. In the last part, the results obtained from the theoretical and empirical 56 

parts of the study and the policy recommendations that can be made according to these 57 

results are emphasized. 58 

1. Theoretical Literature 59 

Energy has been one of the basic needs of societies from past to present. Energy is one 60 

of the indispensable needs of societies to increase the national income as a production 61 

factor, to meet the basic needs of people in their daily lives and to maintain their lives at 62 

higher standards. 63 

Renewable energy sources are energy sources that emerge spontaneously in the natural 64 

process and can renew themselves faster than the depletion rate of the sources (Akdağ and 65 

Gözen 2019, 139). Renewable energy sources consist of hydraulic, wind, solar, biomass, 66 

geothermal, wave, tide, and hydrogen energies.   67 

The need for renewable energy sources is constantly increasing due to the emerging 68 

economic structure and the gradual depletion of non-renewable fossil energy sources. 69 

(Yıldırm and Kaya 2021, 268). More importantly, the damage caused by these energy 70 

sources on the environmental factor, which is an indispensable indicator of sustainable 71 

development, has reached enormous dimensions. Increasing the share of renewable energy 72 

sources in energy use is among the sustainable development goals. In addition, it is 73 

important to increase the use of renewable energy resources for the regulation to reduce 74 

CO2 and greenhouse gas emission, which are among the sustainable development goals, 75 

and to increase environmental awareness. The World economy is in a transformation, and 76 



in this transformation, the share of renewable energy sources, which minimize the damage 77 

to the environment, rather than fossil energy sources, is increasing. 78 

Energy is one of the most basic sources of production. Which energy sources will be 79 

used in production depends on the technology developed. With technological development, 80 

societies can increase their profits from production by increasing the use of renewable 81 

energy sources and reducing their input costs. At the same time, countries that are poor in 82 

terms of energy resources can manage to reduce their foreign trade deficit by reducing their 83 

energy imports.  84 

Although renewable energy sources are less harmful to the environment, they can affect 85 

inflation negatively by increasing their input costs because their usage costs are higher 86 

(Yıldırım and Kaya 2021, 282). As a result of the increases in the costs of the goods and 87 

services (labor, rent, interest, energy, raw material expenses, etc.) used as inputs in 88 

production, the constant increase in their prices causes cost inflation (Eğilmez and Mumcu 89 

2004, 266). For countries rich in oil, natural gas, and coal, the use of renewable energy 90 

sources may seem more costly. However, for countries that are poor in terms of energy 91 

resources, it will be more advantageous in the long run to reduce foreign trade deficits by 92 

reducing imports and turning to natural resources that can constantly renew themselves in 93 

nature. 94 

The fact that fossil energy resources are constantly decreasing in the world and their 95 

prices are increasing at the same time causes the demand for renewable energy resources 96 

to increase gradually (Deka et al. 2022). The fact that most of the fossil energy resources 97 

are found in certain countries (Russia, Iran, Iraq, etc.) and the sudden increases in the prices 98 

of these energy resources can cause a crisis in other countries, such as the oil crisis that 99 

emerged in the 1970s. This puts the country’s economy in a more difficult situation and 100 

makes inflationary increases inevitable. 101 

According to Li and Leung (2021), Dannenberg (2008), and Malik et al (2014) the 102 

increase in the prices of fossil energy sources causes an increase in the tendency towards 103 

renewable energy sources in European countries. Technology development activities have 104 

recently accelerated to increase the use of renewable energy sources to reduce the 105 



production costs and the damage of these energy sources to the environment due to the 106 

continuous increase in the prices of fossil energy sources. 107 

European countries are the second largest renewable energy producers in the world 108 

after the USA (Al-Mullali et al. 2015). Supports and incentives for the use of renewable 109 

energy in the world and especially in European countries cause the costs of renewable 110 

energy to decrease in the long run (Zhang et al. 2021; Akdağ and Gözen 2019). Supports 111 

and efforts to increase the use of renewable energy both enable faster installation of 112 

technology and increase energy savings by supporting long-run investments. Therefore, it 113 

provides a long-run reduction in energy costs. 114 

Renewable energy resources are unlimited compared to fossil energy resources, they 115 

are natural resources because they can renew themselves continuously, and they are the 116 

most damaging resources to the environment. Due to these features, renewable energy 117 

sources are more advantageous than fossil energy sources. However, the technologies 118 

established for the production of renewable energy sources are costly and technologies 119 

have not yet been reduced to the level of maturity to reduce costs (Çakmak and Gözen 120 

2021, 58). Therefore, since the technology based on renewable energy sources is new, 121 

investment costs are also high. However, unlike fossil energy sources, the cost 122 

disadvantage of renewable energy sources is in the first stage of installation. Technological 123 

progress increases efficiency and saves on energy consumption. At the same time, it 124 

reduces high environmental costs and economic losses by reducing emissions (Yu and Liu 125 

2022, 1-3). Therefore, in the long run, the costs arising from the damage caused by the 126 

enterprises to the environment as well as the input costs can be reduced, thereby reducing 127 

the inflation resulting from this.  128 

In the European Union countries, renewable energy sources have an increasing effect 129 

on inflation due to their impact on costs in the short run. However, since these costs are 130 

fixed costs in the production phase and there will be no change in fixed costs, in the long 131 

run, the increasing effect of renewable energy sources on deflation disappears. Therefore, 132 

this study aims to theoretically and empirically examine the effect of renewable energy 133 

sources on inflation in European Union countries. Among the studies of national and 134 

international nature obtained from the results of the literature review, there are no studies 135 



that apply the effect of renewable energy on inflation, based on European Union countries, 136 

as well as PMG and CCE cointegration analyses. Therefore, it is thought that the study 137 

will contribute to the literature in this direction. 138 

2. Empirical Literature  139 

The energy sector is one of the main mechanisms in the realization of the production 140 

activities of societies. Technology costs in the use of renewable energy sources cause high 141 

production costs at the beginning. These, it is thought that the inflation rate arising from 142 

production costs increases in the short run. However, since the prices of fossil energy 143 

sources are constantly rising and the costs are increasing due to the damage they cause to 144 

the environment, it causes an increase in the demand for renewable energy sources in 145 

European countries as well as in the world. 146 

A large part of the expenditures made for renewable energy technology is realized at 147 

the beginning of the development process compared to the technological expenditures 148 

made for fossil energy sources (Akdağ and Gözen 2019, 141). In the later stages of 149 

production, there is a decrease in production costs due to the decrease in technological 150 

expenditures and energy savings thanks to technological development. At the same time, 151 

since renewable energy sources cause less damage to the environment, they also reduce 152 

the costs arising from environmental damage. Therefore, the cost increases that occur at 153 

the beginning of the production phase will start to decrease over time. It is thought that 154 

this will reduce inflation increases in the long run. 155 

In Table 1, national and international studies in the literature on renewable energy and 156 

inflation are mentioned. According to the results obtained from the table, there is no 157 

relationship between renewable energy and inflation in the studies of Deka et al. (2022) 158 

and Malik et al (2014). According to the studies of Yıldırım and Kaya (2021), Deka and 159 

Dube (2021), Flippidis et al (2021), Nga (2021), renewable energy affects inflation 160 

positively. In the long run, while renewable energy reduces the inflation rate in the study 161 

of Yıldırım and Kaya (2021), there is no effect of renewable energy on inflation in the 162 

study of Deka and Dube (2021). In the study of Ghaed et al (2021), however, renewable 163 

energy inflation affects negatively in the short and long run. 164 

 165 



Table 1: Literature Studies on Renewable Energy and Inflation 166 

Author(s)/Date Country Sample 
Period 

Method Results 

Yıldırım and 
Kaya, 2021 

OECD  1996-
2017 

ARDL and 
PMG  

Renewable energy consumption 
affects inflation negatively in the 
long run and positively in the 
short run 

Deka et al, 2022 Brazil 1990-
2019 

ARDL In the short and long run, 
renewable energy has no effects 
on inflation  

Deka and Dube, 
2021 

Mexico 1990-
2019 

ARDL While renewable energy affects 
inflation positively in the short 
run, it does not affect inflation in 
the long run. 

Khan et al, 2022 Germany 1971-
2016 

Johansen 
cointegration 

There is a long-run relationship 
between renewable energy and 
inflation. 

Ghaed et al, 
2021 

Iran 1979-
2018 

Autoregressive 
Distributed 
Lag and 
Counteraction 
method 

Renewable energy affects 
inflation negatively in the short 
and long run. 
 

Flippidis et al, 
2021 

200 
countries 

2000-
2019 

GMM 
Regression 

There is a positive relationship 
between inflation and renewable 
energy.  

Malik et al, 
2014 

Pakistan 1975-
2012 

Granger 
causality 

Renewable energy is not the 
cause of inflation. Inflation is the 
cause of renewable energy. 

Nga, 2021 Vietnam 1985-
2019 

Regression 
analysis 

Renewable energy has a positive 
effect on inflation. 

 167 

The results obtained from the literature study support the assumptions put forward in 168 

the theory. Since the technology used in the first stage in the use of renewable energy is 169 

expensive, it increases the input costs. High costs can lead to a continuous increase in 170 

product prices, namely inflation. However, this process is valid in the short run. In the 171 

long run, energy savings that result from technological development and the reduction of 172 

the negative impact of renewable energy on the environment lead to a decrease in costs. 173 

Therefore, it hurts inflation. 174 

2. Methodology and Data 175 

In this study, which examines the relationship between renewable energy and ınflation, 176 

PMG (Pooled Mean Group) developed by Pesaran and Smith (1995) and Westerlund 177 



analysis developed by Westerlund (2007) were used for cointegration analysis. CCE 178 

(Common-Correlated Effect) analysis developed by Pesaran (2006) was estimated to 179 

examine the coefficient estimation of country-based variables. 180 

Description of data sets 181 

In the econometric analysis part of the study, annual data of 20 European Union 182 

countries for the period 1985-2018 were used. In the study, OECD official websites were 183 

used to obtain data on the exchange rate (EXC) and renewable energy (RENER) variables, 184 

and MACROBOND official websites were used to obtain data on inflation variable (INF). 185 

The model with the variables used in the study is shown in the 1st equation. 186 

Model: 𝐼𝑁𝐹𝑖𝑡= 𝛼0+𝛼1𝑖𝐸𝑋𝐶𝑖𝑡+𝛼2𝑖𝑅𝐸𝑁𝐸𝑅𝑖𝑡+𝜖𝑖𝑡                                                               (1) 187 

In the model obtained, the explanations of the variables are expressed as follows: 188 

INF: Inflation rate, 189 

EXC: Exchange rate, 190 

RENER: Renewable energy use, 191 𝜖𝑖𝑡: Error term coefficient 192 

3.1. Cross-Sectional Dependency 193 

In panel data analysis, it is thought that cross-section dependence may arise in errors 194 

that may occur due to shocks occurring as part of the error terms and the presence of 195 

unobservable components (Hoyos and Sarafidis 2006). Therefore, the estimations made 196 

without considering the cross-section dependency cause erroneous results. If as a result of 197 

the analysis obtained, it is decided that there is a cross-section dependency between the 198 

series, it is more appropriate to perform the second generation unit root tests developed by 199 

Pesaran (2007) to obtain more accurate results from the stationarity analysis. Breusch-200 

Pagan (1980) LM, Pesaran (2004) CDLM, Pesaran et al (2008) LMadj test were used to 201 

examine the cross-sectional dependence in the study. 202 

The main purpose of the Breusch-Pagan (1980) LM test, which is applied in cases 203 

where the time dimension is larger than the cross-section dimension, is to substitute the 204 

parameter estimates obtained from the constrained model under the null hypothesis in the 205 

score vector and to examine how close the zero vector is to zero (Sarafidis and Wansbeek 206 

2012, 514). The equation for the Breusch-Pagan (1980) LM test is shown as follow 207 



𝐿𝑀 = 𝑇 ∑ ∑ �̂�𝑖𝑗2𝑁𝑗=𝑖+1 ∼ 𝑋𝑁(𝑁−1)/22𝑁−1𝑖=𝑗                                                                            (2) 208 

In equation (1), 𝜌𝑖𝑗 shows the correlation coefficients obtained from the error terms of 209 

the model. Asymptotic distribution of 𝑥2 is obtained from N for all (i, j) while  𝑇(𝑖,𝑗) → ∞. 210 

Pesaran (2004) developed the CDLM cross-section dependency test, which can be applied 211 

When the time dimension is greater than the slice size or when the slice size is larger than 212 

the time dimension. The equation for the CDLM cross-section dependence is expressed as: 213 𝐶𝐷𝐿𝑀 = √ 1𝑁(𝑁−1)  ∑ ∑ (𝑇�̂�𝑖𝑗2 − 1)𝑁𝑗=𝑖+1𝑁−1𝑖=1                                                                     (3) 214 �̂�ij = Correlation of sections between error terms 215 

 The Pesaran et al (2008) LMadj test, on the other hand, corrects the deviations that 216 

may occur in cases where the cross-section size is larger than the time dimension (N>T), 217 

as in the Breusch-Pagan (1980) LM and Pesaran (2004) CDLM tests. The equation of the 218 

Pesaran et al (2008) LMadj test is shown in the figure below. 219 𝐿𝑀𝑎𝑑𝑗 = √ 2𝑁(𝑁−1) ∑ ∑ (𝑇�̂�𝑖𝑗2𝑁𝑗=𝑖+1𝑁−1𝑖=1  (𝑇−𝑘)�̂�𝑖𝑗2 −𝜇𝑇𝑖𝑗𝜗𝑇𝑖𝑗                                     (4)                  220 

k= regressors number, 221 𝜇𝑇𝑖𝑗=average 222 𝜗𝑇𝑖𝑗=variance. 223 𝟑. 𝟐.Homogeneity Test 224 

The homogeneity or heterogeneity of the slope coefficient of the variables in the panel 225 

data analysis is determined by the homogeneity test developed by Pesaran and Yamagata 226 

(2008). This analysis method was created in the development of the Swamy (1970) 227 

homogeneity test. The homogeneity test developed by Pesaran and Yamagat (2008) is 228 

evaluated separately for a large sample (�̃�) and a small sample (�̃�𝑎𝑑𝑗). The equations for 229 

the homogeneity test are shown below. 230 �̃� = √𝑁(𝑁−1 �̃�−𝑘√2𝑘 )                                       (5) 231 �̃�𝑎𝑑𝑗 = √𝑁 (𝑁−1 �̃�−𝐸(�̃�𝑖𝑇)√𝑉𝑎𝑟(�̃�𝑖𝑇) )                                      (6)  232 

 233 

 234 



Table 2: Cross-Sectional Dependency Test 235 

Variables and 
Models 

Breusch and 
Pagan (1980) LM  
Test 

Pesaran (2004) 
CDLM Test 

Pesaran et al. 
(2008) 
LMadj 

Result  
Cross-
Sectional 
Dependency 

INF 1428 
 (0.000) 

29.55 
(0.000) 

202.8 
(0.000) 

accepted 

EXC 2983 
(0.000) 

50.2 
(0.000) 

488.5 
(0.000) 

accepted 

RENER 2708 
(0.000) 

47.79 
(0.000) 

414.6 
(0.000) 

accepted 

model 1265 
(0.000) 

25.77 
(0.000) 

161.9 
(0.000) 

accepted 

Model �̃�                                               7.282 
                                              (0.000) �̃�𝒂𝒅𝒋                                               7.753 
                                              (0.000) 

The values in parentheses show the probability value (p value).  236 

Table 2 shows the results of the cross-section dependency analysis of the model and 237 

the variables. According to the LM, CDLM and LMadj test results, the hypothesis that there 238 

is no cross-sectional dependence is rejected. In this case, there is a cross-section 239 

dependency between the countries that make up the panel. Due to the increase in free 240 

foreign trade, the acceleration of factor mobility between countries, and the occurrence of 241 

economic integrations. It has become inevitable that economic changes in one country will 242 

affect other countries.  243 

3.3. Unit Root Test  244 

CADF unit root test is an extended version of ADF regression with delay cross-245 

sectional averages (Pesaran, 2007: 269). According to Pesaran, the CADF unit root test 246 

can be applied both in the case of N>T and in the case of T>N. The equation of the unit 247 

root test of the CADF test is shown as follows. 248               ∆𝑦𝑖𝑡 = 𝑎𝑖 + 𝑏𝑖𝑦𝑖,𝑡−1 + 𝑐𝑖�̅�𝑡−1 + 𝑑𝑖∆�̅�𝑡 + 𝑒𝑖𝑡                                             (7) 249 

CADF test statistics are calculated as follows. 250              𝑡𝑖(𝑁, 𝑇) = ∆𝑌İ′ �̅�𝑊 𝑌İ,−1�̂�𝑖 (𝑌İ,−1′ �̅�𝑊𝑌İ,−1)12                                                (8) 251 



The calculation of the panel statistic is carried out with the CIPS statistics. The CIPS 252 

statistics are calculated by averaging the t statistics of each cross-section. 253 

                         𝐶𝐼𝑃𝑆(𝑁, 𝑇) = 𝑁−1 ∑ 𝑡𝑖(𝑁, 𝑇)𝑁𝑖=1                                                                      (9) 254 

Table 3: CADF Panel Unit Root Test Results 255 

Variables CIPS STATISTICS 
 Test Statistics P-value Result 
INF -2.914 0.000* I(0) 
RENER -1.819 0.407 I(1) 
d.RENER -3.626 0.000* I(0) 
EXC -1.736 0.564 I(1) 
d.EXC -3.391 0.000* I(0) 

* indicate significance at the 1% level  256 

After concluding that there is a cross-section dependency in the variables and the 257 

model obtained, it was decided to conduct the second generation unit root test. CADF unit 258 

root test results are shown in Table 3. According to the results obtained from the table, the 259 

INF variable becomes stationary at the I(0) level, while the EXC and RENER variables 260 

become stationary at the I(1) level. The trend value was not taken into account while 261 

performing the unit root analysis of the variables.  262 

3.4.PMG Estimations  263 

While PMG estimators accept that the long-run coefficients are the same 264 

(homogeneous) from unit to unit, they allow short-run coefficients and error variances to 265 

change from unit to unit (heterogeneous) (Pesaran et al 1999, 625). 266 

                        ∆𝑌𝑖𝑡=∅𝑖𝑡(𝑌𝑖,𝑡−1-𝛽𝑖𝑋𝑖,𝑡−1)+∑ 𝛾𝛾𝑖𝑝−1𝑗=1 ∆𝑌𝑖,𝑖−𝑗 + ∑ 𝛿𝑦𝑖𝑞−1𝑗=0 ∆𝑋𝑖,𝑡−𝑗+𝜇𝑖+𝜀𝑖𝑡                            (10) 267 

                        𝛽𝑖= Long-run slope parameter 268                            ∅𝒊𝒕= Error correction run 269                            𝑋𝑖,𝑡−1= Vector of explanatory variables 270 𝜇𝑖 fixed effects, p, and q are the appropriate lag lengths of the variables determined using 271 

information criteria 272 

Table 4 shows the estimation results of the PMG cointegration analysis. According to 273 

the table, the EXC variable has no effect on the INF variable in the short and long run. In 274 

the short run, there is no significant relationship between the RENER variable and the INF 275 

variable. In the long run, the RENER variable has a significant and negative effect on the 276 



INF variable. While the use of renewable energy in European countries does not cause an 277 

increase in inflation in the short run due to the increase in production costs, it hurts 278 

inflation in the long run.  279 

Table 4: PMG Estimations Results 280 

MODEL 
Dependent Variable: INF PMG 
Long-run coefficients 
EXC 0.0299722 

(0.084) 
RENER -0.1197269* 

(0.000) 
Short-run coefficients 
EXC -0.330389 

(0.491) 
RENER 0.13385 

(0.218) 
Cons 1.355007 

 (0.000) 
Statistics 
Hausman test (p-value) 2.46 

(0.2929) 
Number of observations 660 

The values in parentheses show the probability value (p-value). * indicate significance at the 1% level. 281 

3.5.Westerlund ECM panel cointegration 282 

Westerlund’s (2007) cointegration analysis is tested with the significance of the error 283 

correction coefficient of the model (Westerlund 2007, 715-718). Test statistics are 284 

determined in two ways according to the homogeneity and heterogeneity assumptions of 285 

the parameters. The homogeneity assumption is determined by the Pt and Pa test statistics, 286 

and the heterogeneity assumption is determined by the Gt and Ga test statistics. The 287 

equation and hypothesis of the regression of the Westerlund analysis are shown as follows. 288 

                        ∆𝑌𝑖𝑡=𝛿𝑑𝑡′ +𝜇𝑖′∆𝑋𝑖𝑡𝛾𝑖𝑌𝑖𝑡−1𝜑𝑖𝑋𝑖𝑡−1+𝜀𝑖𝑡                                                                              (11)            289                            H0: Pi=0 (for all i) 290 

                        H1: Pi<0 (for all i) 291 

                        dt =vector showing constant and trend  292 𝜇𝑖′, long-run 𝛾𝑖 ve   𝜑𝑖 short-run parameters. After that Pa and Pt statistics are calculated 293 

to test these hypotheses. According to Westerlund (2007), under the assumption of 294 



homogeneity, Pa and Pt analyzes were performed using the pooled values of all cross-295 

sectional units, 296 

                        H0: There is no cointegration 297 

H1: There is cointegration, hypotheses are used and the equations of the test statistics are 298 

shown as follows:               299 

Pa statistics, Pa=(∑ 𝐿𝑁İ=1 i11)-1∑ 𝐿𝑁İ=1 i12                                                                                                                                      (12) 300 

Pt statistics, Pt=�̃�-1(∑ 𝐿𝑁İ=1 i11)-1/2∑ 𝐿𝑁İ=1 i12                                                                                                                         (13) 301 

Under the heterogeneity assumption, it is assumed that each unit has different error 302 

correction coefficients and their hypotheses are shown as follows: 303 

H0: There is no cointegration for all units 304 

H1: There is cointegration for some units 305 

The equations for the test statistics are shown as follows: 306 

Ga statistics, Ga=∑ 𝐿𝑖112𝑁𝑖=1 𝐿𝑖12                                                                                         (14) 307 

Gt statistics, Gt=∑ 𝜎𝑁𝑖=1 𝐿İ11−1/2𝐿İ12                                                                                    (15) 308 

Tablo 5: Westerlund (2007) Analysis Results 309 

Statistics Value Z-value P-value Robust P-value 
Gt -3.435 -6.011 0.000* 0.010 
Ga -19.093 -4.837 0.000* 0.033 
Pt -13.144 -4.304 0.000* 0.150 
Pa -15.809 -5.133 0.000* 0.063 

* indicate significance at the 1% level. 310 

The results of the Westerlund analysis are shown in Table 5. According to the results 311 

of the analysis, since the probability values of the Gt, Ga, Pt and Pa tests are less than 0.05, 312 

the hypothesis that there is no cointegration between the variables is rejected. Under the 313 

assumption of homogeneity and heterogeneity, it is concluded that there is a cointegration 314 

relationship between renewable energy and inflation in European countries. 315 

3.6.CCE (Common-Correlated Effect)  Analysis 316 

After determining that there is a long-run relationship between the variables by 317 

Westerlund analysis, the long-run coefficients of the variables were estimated using the 318 

CCE(Common-Correlated Effect) method developed by Pesaran (2006). According to 319 

Pesaran (2006), a long-run coefficient estimation can be made by taking into account 320 



heterogeneity and inter-sectional dependence with the CCE method is obtained with the 321 

following regression model. 322                   𝑦𝑖𝑡=𝛼𝑖′𝑑𝑡+𝛽𝑖𝑡′ 𝑥𝑖+𝜖𝑖𝑡                                                                                                 (16) 323 

               𝜖𝑖𝑡=𝑦𝑖′𝑓𝑡+𝜀𝑖𝑡                                                                                                             (17) 324 

           d is the vector representing n*1 observable (fixed, trend, seasonal puppets) effects. 325 

                       f is the vector representing the unobservable effects m*1. 326 

                       Table 6: CCE (Country Based) Analysis Results 327 

 Coefficient Standard Error P-Value 
CCE 2.847906 3.019513 0.346 
Country Results 
Australia  -0.1610538 2.774249 0.954 
Austria  -2.837912 1.578982 0.072 
Belgium  1.107211 0.4737114 0.019* 
Canada  -5.586224 3.285065 0.089 
Denmark  1.608634 0.7328937 0.028* 
Finland  -0.5020886 3.040063 0.869 
France  -1.013286 0.6665291 0.128 
Greece  13.66642 3.456288 0.000* 
Ireland  -1.559449 2.264821 0.491 
Iceland  56.80392 19.53595 0.004* 
Italy  -1.712364 0.9855303 0.082 
Japan  2.116879 1.832194 0.248 
Netherlands  1.691518 0.4343569 0.000* 
New Zealand  9.202991 9.03751 0.309 
Norway  -1.269329 2.656923 0.633 
Sweden  -6.675107 3.12947 0.033* 
Switzerland  -3.474782 2.937433 0.237 
United Kingdom 0.5851934 1.07608 0.587 
United States -2.93985 1.182672 0.013* 
Luxembourg -2.093244 0.8651935 0.016* 

                            * indicate significance at the 1% level. 328 

Table 6 shows the results obtained from the CCE analysis by country. According to 329 

the table, the long-run coefficients of Denmark, Greece, Belgium, Iceland, Netherlands, 330 

Sweden, United States and Luxembourg were significant. Among these countries, the 331 

long-run coefficients of Sweden, the United States, and Luxembourg were negative, while 332 

the coefficients of other countries were positive. In Sweden, the United States, and 333 

Luxembourg, inflation rates decrease as the use of renewable energy increases in the long 334 

run. The energy production portfolios of each of the European Union countries are 335 

different from each other (Demir and Baş 2020, 814). While developments in the field of 336 



renewable energy in European Union countries are experienced rapidly in some of its 337 

members, it is experienced slowly in some countries. Therefore, it takes a longer time for 338 

renewable energy to have a reducing effect on inflation by reducing costs compared to 339 

other European Union countries. The fact that each country has different natural resources 340 

and the incentive policies applied are also effective in this 341 

Conclusion  342 

Societies, since their existence, are increasing their energy demands to meet their 343 

needs. The increase in living standards, the continuous increase in the population, the 344 

increase in production to meet the demands of the increasing population causes the 345 

demand for energy to increase day by day. To meet this increasing energy demand, the 346 

demand for fossil energy sources, which are always more accessible, has increased. 347 

However, fossil energy resources do not take place equally in the World. Fossil energy 348 

sources create economic disadvantages as they increase the foreign trade deficit because 349 

most countries meet energy through imports and the prices of these energy sources are 350 

constantly rising. At the same time, the polluting effect of fossil energy sources is 351 

increasing day by day due to the carbon dioxide and greenhouse gas effect emitted by 352 

fossil energy sources. Fossil energy sources also negatively affect sustainable 353 

development due to their polluting effect on the environment. Within the framework of 354 

the sustainable development goals that came into force in 2016, there are reductions in the 355 

use of fossil energy resources and an increase in the share of renewable energy resources 356 

in total energy consumption. Thus, it is aimed to create a cleaner environment and to 357 

protect natural resources for future generations. For these reasons, the increase in the 358 

demand for renewable energy is constantly increasing in European Union countries as well 359 

as over the World. The fact that European Union countries are poor in terms of fossil 360 

energy sources causes these countries to meet their energy demand through imports. 361 

Therefore, the efforts of European countries to reduce their increasing foreign trade 362 

deficits end to meet their energy needs with their natural resources have increased the use 363 

of renewable energy, Technology development studies and government support projects 364 

in this direction have accelerated. 365 



Renewable energy sources are advantageous in terms of being environmentally 366 

friendly and being constantly accessible, as they are a natural resource that can constantly 367 

renew itself. However, since high technology is required for the use of renewable energy, 368 

the initial usage cost is high. Therefore, it can cause inflation in the short run as it raises 369 

prices by increasing costs. However, costs can be reduced in the long run as the necessary 370 

technological infrastructure is provided. At the same time, cost advantages can be achieved 371 

as energy savings are achieved and environmental damage is reduced thanks to 372 

technological development. Therefore, since costs decrease, prices and inflation may 373 

decrease. 374 

In the econometric analysis part of this study, which examines the relationship between 375 

renewable energy and inflation in European countries, PMG was developed by Pesaran 376 

and Smith (1995), and Westerlund analyses developed by Westerlund (2007) were 377 

conducted to examine the cointegration relationship of the variables. According to the 378 

results of the analysis, it was concluded that there is a cointegration relationship between 379 

renewable energy and inflation. The analysis results obtained; by Yıldırım and Kaya 380 

(2021), Deka and Dube (2021), Bilal et al (2022), Ghaed et al (2021), Flippidis et al (2021), 381 

Nga (2021) show that there is an inter-integration relationship between inflation and 382 

renewable energy. supported by econometric analysis. According to the results obtained 383 

by PMG cointegration analysis, renewable energy has no effect on inflation in the short 384 

run. In the long run, as in the studies of Yıldırım and Kaya (2021), Ghaed et al (2021), 385 

renewable energy affects inflation negatively. The decrease in input costs due to 386 

technological development has a decreasing effect on prices. This may lead to a decrease 387 

in inflation. CCE (Common-Correlated Effect) analysis developed by Pesaran (2006) was 388 

conducted to evaluate the effect of renewable energy on inflation on a country basis. As a 389 

result of the analysis, renewable energy reduces inflation in the long run in Sweden, the 390 

United States, and Luxembourg, while increasing it in other countries. In European 391 

countries, the supports are applied in the field of renewable energy and therefore the 392 

developments take place at different levels. At the same time, the renewable energy 393 

sources used in these countries differ. Therefore, while the use of renewable energy 394 



reduces inflation in some European countries in the long run, longer runs are needed to 395 

reduce inflation in others. 396 

Investments and support projects are increasing in the world and European countries 397 

to increase the use of renewable energy and reduce its impact on costs. Support 398 

mechanisms such as tax incentives and subsidies provided by the public for the use of 399 

renewable energy both accelerate the installation of technology and are important for the 400 

sustainability of long-run investments. Applications realized in this way can be a solution 401 

tool in reducing costs by accelerating R&D studies and thus in the fight against inflation. 402 

In addition, the diversification of renewable energy sources and the support mechanisms 403 

provided in this regard can be provided as a guiding method in reducing costs. 404 

We can say that the recent concerns that renewable energy will increase inflation are 405 

unfounded. For this reason, we can say that countries should develop long-term policies 406 

for sustainable economic growth and development and encourage investment and 407 

consumption of renewable energy. 408 
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