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Abstract 
Previous studies have done more research on the relationship between carbon emission reduction, 
energy consumption and economic growth in specific countries or regions, which rarely consider the 
issue of heterogeneity between countries or regions, and also lack the refinement of energy 
consumption categories. Using panel data from 2000 to 2017,this paper divided the top 28 global 
carbon emission countries into developed countries and developing countries, and explores 
cointegration and causality between renewable energy consumption,non-renewable energy 
consumption, economic growth and carbon emission. Results suggested that there is a two-way causal 
relationship between carbon emissions and economic growth in all economies. There is a two-way 
causal relationshipbetween economic growth in developed countries and consumption of renewable 
and non-renewable energy, while there is no significant relationship between economic growth and 
energy consumption in developing countries. There is a two-way causal relationship between carbon 
emissions and renewable energyin all economies, but there are significant differences; there is a two-
way causal relationship between carbon emissions in developed countries and non-renewable energy, 
and only one-way causality exists in developing countries.  
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Introduction 1 

 2 

In 2015, 196 countries signed the Paris 3 

Agreement at the World Climate Conference. 4 

In order to reach the target, signatories have 5 

adjusted their energy consumption structure to 6 

reduce carbon emissions. In 2020, General 7 

Secretary Xi Jinping announced China's 8 

carbon peak and carbon neutrality goals at the 9 

United Nations General Assembly. Therefore, 10 

how to balance the relationship between 11 

carbon emission reduction, energy 12 

consumption structure and economic growth 13 

has become a global urgent problem to be 14 

solved. From the perspective of development 15 

practice, the main source of global carbon 16 

dioxide emissions is fossil energy, and 17 

reducing fossil energy consumption and 18 

increasing renewable energy consumption are 19 

the main ways to reduce emissions (Duan and 20 

Yang 2018). However, whether such 21 

adjustment will lead to the increase of energy 22 

consumption cost and then affect the 23 

development of regional economy has not 24 

been fully demonstrated, and there are certain 25 

controversies. How to change the existing 26 

economic development model, coordinate the 27 

relationship between economic growth, 28 

energy consumption and low-carbon emission 29 

reduction, and achieve low-carbon and green 30 

development of the global economy is a 31 

common problem faced by all countries in the 32 

world .   33 

Kraft J and Kraft A were the first to focus 34 

their research on energy consumption and 35 

economic growth (Kraft 1978) Then Akarca 36 

and Long (1980) took The United States as the 37 

research object, but the same result as Kraft J 38 

and Kraft A could not be obtained by reducing 39 

the time range of the study. The Payne (2010), 40 

And Ozturk (2010) two scholars have 41 

systematically summarized the relationship 42 

between energy consumption and economic 43 

growth of the four hypothesis, namely growth 44 

hypothesis (growth content, one-way causal 45 

relationship between energy consumption to 46 

economic growth), saving hypothesis 47 

(conservation content, one-way causal 48 

relationship of economic growth to energy 49 

consumption), feedback hypothesis (feedback 50 

content, exists bidirectional causality between 51 

energy consumption and economic growth) 52 

and neutral hypothesis (neutrality 53 

content,There is no causal relationship 54 

between energy consumption and economic 55 

growth). For more than 40 years, scholars 56 

have done a lot of empirical research in this 57 

field, but no consensus has been reached so far. 58 

Apergis and Payne studied six countries in 59 

Central America, OPEC countries and 13 60 

countries in the European Union and found a 61 

two-way causal relationship between energy 62 

consumption and economic growth, 63 

supporting the feedback hypothesis (Apergis 64 

and Payne 2010; Apergis and Payne 2010; 65 

Zhang et al. 2011). Foreign scholars such as 66 

Shahbaz (2018) and Gorusand (2019) 67 

domestic scholars such as Wang Xuhui (2007), 68 

jian-hua Yin (2011) Ayoyo, wisdom (Zhang 69 
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and Dang 2014), Li Lichun (2017) argue that 70 

there is a unidirectional causal relationship 71 

between economic growth and energy 72 

consumption. However, there are also studies 73 

that support the neutral hypothesis, arguing 74 

that energy consumption plays a relatively 75 

minor role in the economic growth process 76 

(Narayan and Doytch 2017; Akhmat and 77 

Zaman 2013; Danish et al. 2017) 78 

In the early 21st century, with the 79 

intensification of the greenhouse effect of 80 

climate change, the research on the action 81 

mechanism of Energy, Economy and 82 

Environment has become a hot topic in the 83 

international community. Scholars 84 

collectively refer to Energy, Economy and 85 

Environment as the 3Es model. In these 86 

studies, more researchers focus on the 87 

relationship among carbon emissions, various 88 

types of energy consumption and economic 89 

growth (Zhang et al. 2015; Pao et al. 2015; 90 

Chandran and Tang 2013; Zhang et al. 2014; 91 

Xu et al. 2019; Zhu 2018; Yao and Zhang 92 

2019). Due to the differences in measurement 93 

methods, research objects, time span and 94 

other factors, scholars have different research 95 

conclusions, and even different views. Pao 96 

(2015) used the Lotka-Volterra model to study 97 

the 3Es relationship between the United States 98 

and Mexico. Due to geographical differences, 99 

the carbon emissions and GDP in the United 100 

States are mutually causal, while the GDP 101 

growth in Mexico will lead to the increase of 102 

carbon emissions, and there is only a one-way 103 

causal relationship. Chandran's empirical 104 

analysis of five Asian countries is consistent 105 

with the findings of Pao's study of Mexico 106 

(Chandran and Tang. 2013) Scholars Lin and 107 

Moubarak (Zhang. 2014) use ARDL model to 108 

study China's carbon emissions and 109 

renewable energy, they believe that carbon 110 

emissions and economic growth are strong 111 

factors driving the use of renewable energy.  112 

Generally speaking, the academic circle 113 

has basically reached consensus on the 114 

significant correlation between carbon 115 

emissions, energy consumption and economic 116 

growth. However, due to different time spans 117 

and selection methods, research conclusions 118 

are not consistent, and further improvement is 119 

needed. In terms of research objects, the 120 

existing studies are mostly for a country or a 121 

region, and have not started from the main 122 

responsibility subjects of greenhouse gas 123 

emissions. In terms of energy types, more than 124 

a decade ago, non-renewable energy occupied 125 

the main position, and scholars mostly 126 

focused on non-renewable energy or fossil 127 

energy. Now, the position of renewable energy 128 

is gradually rising, and the relationship 129 

between energy types and economic growth 130 

and carbon emissions needs to be considered. 131 

Based on this, this paper considers the top 28 132 

global greenhouse gas emitters using panel 133 

data: Australia, South Korea, Germany, 134 

France, Netherlands, Canada, USA, Japan, 135 

Spain, Italy, UK, Argentina, Pakistan, Brazil, 136 

Poland, Russia, Mexico, South Africa, 137 

Nigeria, Saudi Arabia, Thailand, Turkey, 138 

Venezuela, Ukraine, Iran, India, Indonesia, 139 

China. An empirical analysis of greenhouse 140 

gas emitting countries was conducted to 141 

reveal the correlation and mechanism of 142 

action between energy consumption, 143 

economic growth and carbon emissions, and 144 

to further compare and contrast these 145 

countries into two groups, developed and 146 

developing countries, to explore whether 147 

there is heterogeneity among countries at 148 

different stages of economic development. ①  149 

 150 
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Variable data and methods 151 

 152 

Variable description and data sources 153 

 154 

Based on Apergis and Payne (2012) 155 

variable selection, the following six variables 156 

are finally selected in combination with the 157 

characteristics of this paper, as shown in Table 158 

1. In order to eliminate the influence of price 159 

changes, the unit of GDP and capital used in 160 

this paper is 2010 constant dollar. The carbon 161 

emissions in this article only represent carbon 162 

dioxide from the burning of fossil fuels and 163 

the manufacture of cement, and do not include 164 

the implicit carbon from economic activities.  165 

The top 30 greenhouse gas emitting 166 

countries (or regions) in the world were 167 

announced at the Copenhagen Climate 168 

Conference. Considering the strong economic 169 

interaction between Mainland China and 170 

Taiwan, this paper combined the two 171 

countries as one investigation object. At the 172 

same time, as the top 30 greenhouse gas 173 

emitters already include 6 EU member states 174 

including France, the research object of EU is 175 

excluded in this paper to avoid duplication, so 176 

there are altogether 28 research objects. Due 177 

to the availability and completeness of the 178 

data, the time span is only extended to 2000-179 

2017. The data in this paper are from the 180 

world Bank online database, BP World 181 

Energy Statistical Yearbook, etc. The analysis 182 

tools used in this paper are Stata15 and 183 

Eviews10.0.  184 

 

Table 1 Variable symbols, names, and units 

Variable 
categories 

symbol meaning Metrics and descriptions unit 

The key 
variables 

gdp 
Economic 

growth 
Gross domestic product of each country 

2010 constant 
dollar usd 

co2 
Carbon 
dioxide 

Carbon dioxide from burning fossil fuels 
and making cement (including carbon 
dioxide from the consumption of solid, 
liquid and gaseous fuels and from the 

combustion of gas) 

One thousand 
tons of 

re 

Renewable 
energy 

consumptio
n 

Renewable energy generation (including 
hydro, geothermal, solar, tidal, wind, 

biomass and biofuels, etc. ) 
KWH 

nre 

Non-
renewable 

energy 
consumptio

n 

Non-renewable energy generation 
(including coal, crude oil, natural gas, oil 

shale, nuclear energy, etc. ) 
KWH 

Control 
variables 

labor Labour 
Total Labour force (over 15 years old, 
employed, unemployed but looking for 

work and first time job seekers) 
people 

capital capital 

Gross capital formation, also known as 
gross domestic investment, consists of 

new spending on fixed assets plus the net 
change in inventories 

2010 constant 
dollar usd 

 



 

 

Research Methods 168 

 169 

Panel unit root test 170 

 171 

In order to avoid the pseudo regression 172 

problem, the unit root test is performed on the 173 

variables first. The conventional ADF 174 

(Augmented Dickey -- Fuller) unit root test 175 

has a low probability of rejecting the null 176 

hypothesis, especially when the data time is 177 

short.The panel stationarity test is more 178 

convincing than the single time series 179 

stationarity test (Zhang et al.2015) LLC, 180 

Breitung, IPS, Fisher-ADF and Fisher-PP are 181 

used in this paper.The first two belong to the 182 

homogeneous unit root test, while the last 183 

three belong to the heterogeneous unit root 184 

test (Wu et al. 2012).  185 

The unit root test is based on the 186 

following model: 187 ∆𝑦𝑖𝑡 = 𝛼𝑖 + 𝛽𝑖𝑦𝑖,𝑡−1 + ∑ 𝜌𝑖𝑗𝑝𝑖𝑗=1 ∆𝑦𝑖,𝑡−𝑗 +188 𝜀𝑖𝑡 , 𝑖 = 1, … … , 𝑁; 𝑡 = 1, … … , 𝑇 (1) 189 

In the formula, 𝑦𝑖𝑡  is the series of 190 

country 𝑖 in the panel data for time period 𝑡, 191 𝜌𝑖 is the lag term selected in ADF regression, 192 𝜀𝑖𝑡  is an independently normally distributed 193 

random variable with zero mean and variance 194 𝜎𝑖2  for all 𝑖 and 𝑡.  195 

 196 

Panel co-integration test 197 

 198 

Co-integration is a statistical description 199 

of the long-term equilibrium relationship of 200 

non-stationary economic variables (Li.2017). 201 

Pedroni (2010) proposed a method to test 202 

panel data co-integration, which can be 203 

regarded as an extension of Engle and 204 

Granger two-step method. The Pedroni test 205 

takes into account the heterogeneity of 206 

parameters between individuals. Therefore, 207 

the alternative hypothesis requires that each 208 

individual has a co-integration relationship, 209 

and the co-integration relationship parameters 210 

of each individual panel may not be the same.  211 

Therefore, this paper uses Pedroni's method to 212 

test the co-integration relationship in 213 

heterogeneous panel data, and considers the 214 

following co-integration regression: 215 𝑔𝑑𝑝𝑖𝑡 = 𝛼𝑖 + 𝛿𝑖𝑡 + 𝛽1𝑖𝑐𝑜2𝑖𝑡216 + 𝛽2𝑖𝑟𝑒𝑖𝑡+𝛽3𝑖𝑛𝑟𝑒𝑖𝑡217 + 𝛽4𝑖𝑙𝑎𝑏𝑜𝑟𝑖𝑡218 + 𝛽5𝑖𝑐𝑎𝑝𝑖𝑡𝑎𝑙𝑖𝑡 + 𝜀𝑖𝑡 , 219 𝑖 = 1, … … , 𝑁; 𝑡 = 1, … … , 𝑇    (2) 220 

I represents each country, T represents 221 

year, 𝛼 is the intercept item, 𝛿𝑖 is the time 222 

trend item. The slope coefficients 223 𝛽1𝑖，𝛽2𝑖，𝛽3𝑖，𝛽4𝑖  and𝛽5𝑖  vary from 224 

individual to individual, thus allowing 225 

heterogeneity of cointegration variables.   226 

 227 

FMOLS estimates the cointegration 228 

equation 229 

 230 

When there is a co-integration 231 

relationship, direct OLS estimation will 232 

produce deviation. Phillips and Hansen 233 

modified OLS, which was called Fully 234 

Modified least squares (FMOLS).  This 235 

method eliminated sequence correlation and 236 

endogeneity problems, and was suitable for 237 

small sample data. Asymptotically unbiased 238 

estimation coefficients and long-term 239 

effective normal distribution standard errors 240 

could be obtained(Phillips and Hansen. 1990) 241 

This paper draws on the practices of Saidi and 242 

Mbarek (2016), the condition of cointegration 243 

vector is investigated in the form of multi-244 

equation, so economic growth, carbon dioxide 245 

emission, renewable energy consumption and 246 
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non-renewable energy consumption are the 247 

dependent variables in turn.  248 

 249 

Granger causality test 250 

 251 

The existence of cointegration 252 

relationship indicates that there is a long-term 253 

causal relationship between variables, but the 254 

direction of the causal relationship is 255 

unknown (Wu et al. 2008). This problem can 256 

be solved by the Granger causality test, which 257 

is used to test whether a time series can predict 258 

another time series. If there is a cointegration 259 

relationship between the two variables in the 260 

long run, there must be one-way or 261 

bidirectional Granger causality between the 262 

two variables (Engle and Granger.1987). If 263 

there are unit roots and co-integration 264 

relationships between sequences, Vector Error 265 

Correction Model (VECM) is used for 266 

estimation, and Granger causality test is 267 

performed on the premise of VECM.  268 

The vector error correction model 269 

(VECM) to test Granger causality is as 270 

follows: 271 ∆𝑔𝑑𝑝𝑖𝑡 = ∑ 𝛽1𝑗𝑘𝑗=1 ∆𝑔𝑑𝑝𝑖,𝑡−𝑗 +272 ∑ 𝛾1𝑗𝑘𝑗=1 ∆𝑐𝑜2𝑖,𝑡−𝑗 + ∑ 𝜗1𝑗𝑘𝑗=1 ∆𝑟𝑒𝑖,𝑡−𝑗 +273 ∑ 𝛿1𝑗𝑘𝑗=1 ∆𝑛𝑟𝑒𝑖,𝑡−𝑗 +274 ∑ 𝜌1𝑗𝑘𝑗=1 ∆𝑙𝑎𝑏𝑜𝑟𝑖,𝑡−𝑗 +275 ∑ 𝜃1𝑗𝑘𝑗=1 ∆𝑐𝑎𝑝𝑖𝑡𝑎𝑙𝑖,𝑡−𝑗 + 𝜆1𝐸𝐶𝑇𝑖,𝑡−1 +276 ∆𝜇1𝑖𝑡 (3) 277 

Among them, ∆  is the first-order 278 

difference operator; 𝛽𝑗 , 𝛾𝑗 , 𝑣𝑗 , 𝛿𝑗 , 𝜃𝑗 , 𝜌𝑗(𝑗 =279 1,2,3,4,5,6) is the estimated 280 

parameter;𝜇𝑗𝑖𝑡(𝑗 = 1,2,3,4,5,6),  ECT is the 281 

error correction term obtained from the 282 

estimated residual of the cointegration 283 

equation (2). The coefficient of 284 

ECT  𝜆𝑗 (j=1,2,3,4,5,6) represents the 285 

deviation of the dependent variable from the 286 

long-term equilibrium. When the lag order is 287 

different, f-statistics are used to judge the 288 

significance and determine the short-term 289 

Granger causality between variables (Sebri 290 

and Abid. 2012) . Only one VECM formula is 291 

given here for space reasons.  292 

 293 

Empirical Results 294 

 295 

Panel unit root test results 296 

In order to avoid the negative impact on 297 

the test results caused by the limitations of the 298 

test method itself, this paper uses the five 299 

panel data unit root test methods mentioned in 300 

above for testing, and the results are shown in 301 

Table 2. GDP, CO2, RE, NRE, labor and 302 

capital have unit roots in most of the five test 303 

methods, and their first-order difference terms 304 

reject the unit root hypothesis at the 305 

significance level of 5%, which means 306 

d_GDP and D_co in the panel2, d_re, d_nre, 307 

d_ labor and d_capital are first order 308 

differential stationary. These results 309 

essentially show that most macroeconomic 310 

variables are not stationary horizontally, but 311 

become stationary after the first difference. 312 

Therefore, the variable data is stable in the 313 

first-order difference, and this sequence 314 

follows a random trend, which can be 315 

cointegration test. 316 

 

Table 2 Panel unit root test 

variable IPS FISHER_ADF FISHER_PP LLC Breitung 

gdp 
9. 4079 

(1. 0000) 

7. 8038 

(1. 0000) 

8. 8992 

(1. 0000) 

9. 3707 

(1. 0000) 

13. 4902 

(1. 0000) 

d_gdp -8. 9038*** -7. 2442*** -10. 5417*** -2. 9517*** -4. 7937*** 
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(0. 0000) (0. 0000) (0. 0000) (0. 0016) (0. 0000) 

co2 
-0. 1338 

(0. 4468) 

-1. 6916* 

(0. 0454) 

-1. 4654 

(0. 8986) 

-0. 4920 

(0. 3114) 

-7. 1116 

(1. 0000) 

d_co2 
-9. 6198*** 

(0. 0000) 

-5. 183*** 

(0. 0000) 

-11. 0573*** 

(0. 0000) 

-2. 9961*** 

(0. 0014) 

-9. 4982*** 

(0. 0000) 

re 
-0. 0402 

(0. 4839) 

-1. 0915 

(0. 1375) 

-1. 0898 

(0. 8131) 

-3. 2204*** 

(0. 0006) 

-4. 2509 

(1. 0000) 

d_re 
-13. 7391*** 

(0. 0000) 

-9. 2447*** 

(0. 0000) 

-17. 9102*** 

(0. 0000) 

-1. 7601** 

(0. 0392) 

-8. 9007*** 

(0. 0000) 

nre 
2. 0417 

(0. 9794) 

3. 3207 

(0. 9996) 

4. 0767 

(1. 0000) 

3. 9021*** 

(0. 0000) 

8. 6588 

(1. 0000) 

d_nre 
-8. 5909*** 

(0. 0000) 

-10. 7920*** 

(0. 0000) 

-17. 7759*** 

(0. 0000) 

-4. 6562*** 

(0. 0000) 

-12. 8062*** 

(0. 0000) 

labor 
1.  8352 

(0. 9668) 

2. 2078 

(0. 9864) 

0. 4062 

(0. 3423) 

3. 2023*** 

(0. 00007) 

13. 460 

(1. 0000) 

d_labor 
-6. 4396*** 

(0. 0000) 

-8. 6995*** 

(0. 0000) 

-5. 0590*** 

(0. 0000) 

-6. 0659*** 

(0. 0000) 

-5. 1727*** 

(0. 0000) 

capital 
8. 8888 

(1. 0000) 

7. 1347 

(1. 0000) 

8. 8982 

(1. 0000) 

6. 6128 

(1. 0000) 

11. 3658 

(1. 0000) 

d_capital 
-6. 1598*** 

(0. 0000) 

-6. 9929*** 

(0. 0000) 

-8. 0990*** 

(0. 0000) 

-4. 3080*** 

(0. 0000) 

-6. 5391*** 

(0. 0000)  

Note: in the table"***","**",“*”Respectively at the significance level of 1%, 5% and 10%, the same as below. Panel unit root tests include 
intercepts and trends. 
 

Panel co-integration test results 304 

 305 

Since the variables are single integer 306 

series of the same order, satisfying the 307 

cointegration test prerequisites, this paper 308 

uses the method proposed by Pedroni to carry 309 

out co-integration test, as shown in Table 3.  310 

In small samples, Panel ADF statistic 311 

and Group ADF statistic have the best test 312 

effect, Panel V-statistic and Group ρ-statistic 313 

have the worst test effect, and other samples 314 

are in the middle (Pedroni. 2010) According 315 

to Table 3, Panel PP-statistic, Panel ADF 316 

statistic, Group PP-statistic and Group ADF 317 

statistic all reject the null hypothesis and 318 

statistically significant, while Panel V-statistic, 319 

Panel ρ-statistic and Group ρ-statistic cannot 320 

reject the null hypothesis. Considering the 321 

number of samples, and four of the seven co-322 

integration statistics significantly reject the 323 

null hypothesis, it can be considered that there 324 

is panel co-integration relationship among the 325 

six variables, that is, there is a long-term co-326 

integration relationship.  327 

 

Table 3 Panel co-integration test 

Panel test statistics: Group mean panel test statistics: 

Panel v-statistic 17. 502 59 Group ρ-statistic 7. 465 847 

Panel ρ-statistic 4. 816 530 Group PP-statistic -4. 407 253*** 

Panel PP-statistic -5. 844 121* Group ADF statistic -2. 444 693*** 

Panel ADF statistic -2. 2314 074*   

Note: Among the seven tests, the Panel V-statistic statistic is a one-sided test, in which positive numbers with large values reject the null 
hypothesis without cointegration, while negative numbers with large values of the remaining test statistics reject the null hypothesis without 
cointegration. The critical value at the significance level of 10% is expressed as"*"; The critical value at the significance level of 5% is expressed 
as"**"; The critical value at the significance level of 1% is expressed as"***". 



 

 

 326 

FMOLS estimation results 327 

 328 

The correlation coefficients of each 329 

explanatory variable were examined in this 330 

paper. The maximum correlation coefficient 331 

was 0.772, and the correlation coefficients 332 

between 0.3 and 0.8 were all weakly 333 

correlated. Therefore, the FMOLS estimation 334 

in the following paper can ignore the 335 

multicollinearity problem. At the same time, 336 

considering the current situation of 337 

unbalanced development among different 338 

economies, this paper divides these 28 339 

countries into developed countries () and 340 

developing countries () for independent 341 

discussion. The results of the estimated 342 

cointegration equation of FMOLS are shown 343 

in Table 4.  344 

FMOLS estimation results show that : (1) 345 

At the significance level of 1%, carbon 346 

emissions in 28 countries have a significant 347 

negative impact on economic development; 348 

The growth of renewable energy and non-349 

renewable energy in the 28 countries as a 350 

whole and in developed countries has a 351 

positive impact on economic development. 352 

The impact of renewable energy is stronger, 353 

and the impact of developed countries is more 354 

significant. (2) At the significance level of 1%, 355 

the economic development of 28 countries 356 

can reduce carbon emissions, but the impact 357 

coefficient is very insignificant; The growth 358 

of non-renewable energy will lead to the 359 

increase of carbon emissions, but the impact 360 

coefficient is not obvious. The impact of 361 

renewables on carbon emissions in the 28 362 

countries is significant at the 10% level and 363 

 

 

extremely weak. (3) At the significance level 364 

of 1%, the economic development of 28 365 

countries has a positive impact on the 366 

consumption growth of both renewable and 367 

non-renewable energy, and has a significant 368 

impact on non-renewable energy.  However, 369 

the impact on renewable energy is significant 370 

in developed countries, but not in developing 371 

countries. (4) The growth of carbon emissions 372 

in developing countries will lead to the rapid 373 

growth of renewable energy consumption, but 374 

it is only significant at the level of 5% and 10% 375 

in 28 countries as a whole and developed 376 

countries;The growth of carbon emissions in 377 

28 countries has a significant positive impact 378 

on non-renewable energy consumption. In 379 

developed countries, non-renewable energy 380 

and renewable energy have negative impacts 381 

on each other, and there is a substitution 382 

relationship. In contrast to Ito's study, this 383 

paper does not find a substitution relationship 384 

between renewable and non-renewable 385 

energy sources in developing countries; 386 

instead, the two are growing in the same 387 

direction. In this paper, it is believed that 388 

developed countries have entered the post-389 

industrialization stage with low energy 390 

consumption, and the total energy 391 

consumption is close to the limit, so the two 392 

are decreasing, while developing countries are 393 

in the industrialization stage with high energy 394 

consumption, and the total energy demand is 395 

increasing, so the two are climbing 396 

simultaneously. Developed countries such as 397 

the United Kingdom (-1.8 percent), Japan (-1. 398 

6 percent), France (-1 percent) have reached a 399 

limit with a negative annual growth rate of 400 

primary energy consumption (2006-2016), 401 
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while developing countries such as India (5.7 402 

percent), the Philippines (4.6 percent), and 403 

China (4.4 percent) are still in the 4-6 percent 404 

range.  405 

② Developed countries: Australia, 406 

South Korea, Germany, France, Netherlands, 407 

Canada, United States, Japan, Spain, Italy, 408 

United Kingdom. 409 

③ Developing countries: Argentina, 410 

Pakistan, Brazil, Poland, Russia, Mexico, 411 

South Africa, Nigeria, Saudi Arabia, 412 

Thailand, Turkey, Venezuela, Ukraine, Iran, 413 

India, Indonesia, China.  414 

 

Table 4 FMOLS estimation results 

The 
dependent 
variable 

The 
independe
nt 
variables 

The 28 countries The developed 
countries 

Developing 
country 

gdp co2 -7. 24E+08*** -1. 11E+09*** -1. 04E+08*** 

re 0. 9047*** 2. 8507*** 0. 0542 

nre 0. 1247** 1. 6367*** 0. 0318 

labor 14 561. 84*** 10 645. 14 8 315. 185*** 

capital 2. 32 496*** 1. 842229*** 1. 877199*** 

Adjusted R2 0. 9980 0. 9995 0. 9983 

co2 gdp -7. 44E-10*** -5. 24E-10** -7. 79E-10*** 

re 3. 98E-09* 6. 79E-10 2. 08E-10 

nre 2. 48E-10*** 9. 53E-10*** 2. 08E-10*** 

labor 1. 31E-05*** -1. 75E-05* 1. 32E-05*** 

capital 2. 22E-09*** 1. 11E-09*** 2. 38E-09*** 

Adjusted R2 0. 9924 0. 9982 0. 9904 

re gdp 0. 0797*** 0. 0719*** 0. 0155 

co2 43 724 198** 38 512 776* 26 211 149*** 

nre 0. 0121 -0. 3064*** 0. 0110 

labor -587. 2057 8 990. 885*** -287. 3959 

capital 0. 0270 -0. 1309*** 0. 1765*** 

Adjusted R2 0. 969 6 0. 988 0 0. 969 8 

nre gdp 0. 256 6*** 0. 167 7*** 0. 481 5*** 

co2 4. 89E+08*** 2. 07E+08*** 4. 64E+08*** 

re 0. 2156 -1. 4147*** 0. 2211*** 

labor -462. 1875 16 765. 16*** -1 979. 753*** 

capital -0. 3176 -0. 2444*** -0. 6900*** 

Adjusted R2 0. 9687 0. 9991 0. 9492 

Note: in the table"***","**","*"Respectively at the significance level of 1%, 5% and 10%. The P value in parentheses and the statistical value 

above parentheses are the same below.

 406 

Granger causality test results 407 

 408 

The short-term Granger causality test 409 

results based on the error correction model are 410 

shown in Table 5. The first column shows the 411 

causal relationship between GDP and other 412 

variables, and so on to the last column. It can 413 
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be seen from Table 5 that the GDP of 28 414 

countries and developed countries and energy 415 

consumption (including renewable energy 416 

consumption and non-renewable energy 417 

consumption) are Granger causes for each 418 

other, supporting the feedback hypothesis. 419 

The GDP of developing countries is the 420 

Granger cause of renewable energy 421 

consumption, supporting the conservation 422 

hypothesis. There is no Granger causality 423 

between GDP and non-renewable energy 424 

consumption in developing countries, which 425 

supports the neutral hypothesis. The detailed 426 

Granger causality among 28 variables is 427 

shown in the fifth part of the results discussion.428 

 

Table 5 Granger causality test based on VECM model 

countries 
variab

le 

d_gdp d_co2 d_re d_nre d_labor d_capital 

28 

countries 

 

d_gdp - 73. 7427*** 12. 5378*** 6. 0654** 3. 8600 27. 7028*** 

d_co2 55. 

4827**

* 

- 

6. 9485** 0. 4215 3. 2138 39. 9389*** 

d_re 10. 

5456**

* 5. 3060** 

- 

13. 0376*** 0. 2757 6. 1120** 

d_nre 5. 

2809* 34. 7017*** 1. 4811 

- 
0. 0881 9. 0495** 

d_lab
or 

9. 

8907**

* 1. 8397 2. 0759 2. 5218 

- 

9. 5766*** 

d_cap
ital 

5. 

5635* 17. 4600*** 5. 4754* 5. 6679* 

1. 2995 - 

Developed 

countries 

d_gdp - 152. 4647*** 8. 9114** 11. 6980*** 7. 6285* 7. 9335** 

d_co2 6. 

8439* 

- 
21. 7079*** 17. 6032*** 5. 5118 4. 7644 

d_re 15. 

2778**

* 8. 8730** 

- 

5. 7362 2. 4429 25. 4618*** 

d_nre 9. 

4474** 44. 6336*** 14. 4627*** 

- 
6. 2739* 21. 0456*** 

d_lab
or 

2. 

1645 36. 7506*** 2. 6278 10. 2709** 

- 
10. 0020** 

d_cap
ital 

18. 

4622**

* 128. 0891*** 15. 5904*** 14. 7475*** 

14. 5340*** - 

Developing d_gdp - 58. 5394*** 1. 9813 1. 4641 7. 3315 23. 0657*** 
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Countries d_co2 35. 

5878**

* 

- 14. 9938** 

8. 2328 2. 3027 16. 7182*** 

d_re 19. 
4280**

* 31. 8926*** 

- 

5. 1722 11. 8615** 61. 6105*** 

d_nre 6. 

9920 18. 1480*** 11. 8022** 

- 
4. 2664 11. 0512* 

d_lab
or 

11. 

5777** 9. 0904 3. 5225 11. 0522* 

- 
22. 1807*** 

d_cap
ital 

32. 

3718**

* 19. 0729** 1. 9138 2. 1663 

9. 3892* - 

Note: in the table"***","**","*"Respectively at the significance level of 1%, 5% and 10%. The P value in parentheses and the statistical value 

above parentheses are the same below.

 427 

Analysis and discussion of 428 

measurement results 429 

 430 

Based on the results of FMOLS 431 

estimation (Table 4) and Granger causality 432 

test (Table 5), this paper constructed the 433 

causal graph of 28 countries and distributed 434 

the corresponding causal graph to developed 435 

countries and developing countries (see 436 

Figure 1). It found that: 437 

(1) With Gorus (2019), Wang (2016), 438 

The difference is that there is a bidirectional 439 

Granger causality between carbon dioxide 440 

emissions and GDP, whether viewed from the 441 

overall situation of 28 countries or from the 442 

perspective of developed and developing 443 

countries. The first two scholars believe that 444 

there is no Granger causality between carbon 445 

dioxide emissions and GDP. In contrast, this 446 

paper thinks that this may be related to the 447 

selection of different research objects and 448 

research methods. On the one hand, carbon 449 

emissions have a negative impact on the 450 

economic development of all kinds of 451 

economies, which indicates that the growth of 452 

carbon emissions not only causes 453 

environmental pollution but also has a 454 

significant inhibitory effect on economic 455 

development, hindering the sustainable 456 

development of the global economy, on the 457 

other hand, The development of various 458 

economies also has a negative impact on 459 

carbon emissions, but the effect is very weak, 460 

This shows that the efforts made by countries 461 

to achieve green and low-carbon development 462 

have achieved initial results, just effect is not 463 

significant, countries in the process of 464 

economic development still need to further 465 

increase the intensity of emission reduction, to 466 

ensure global emissions reduction targets.  467 

(2) There is a bidirectional Granger 468 

causality between the GDP of 28 countries as 469 

a whole and that of developed countries and 470 

renewable energy consumption Lin (2014)、 471 

Saidi (2016)、Apergis (2012)，the results were 472 

consistent. There is only one-way Granger 473 

causality between GDP in developing 474 
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countries and renewable energy consumption.  475 

In terms of direction and intensity of impact, 476 

renewable energy consumption has a 477 

significant positive impact on economic 478 

growth in both the 28 countries as a whole and 479 

developed countries. Economic growth also 480 

has a positive impact on renewable energy 481 

consumption in all countries, but the impact 482 

of renewable energy in developing countries 483 

is not significant. The result shows that the 484 

overall economic growth and mutually 485 

reinforcing relationship between renewable 486 

energy consumption, economic development 487 

will be to a certain extent, promoting 488 

renewable energy consumption growth, the 489 

growth of the renewable energy consumption 490 

at the same time also promoted the economic 491 

development, but developing countries due to 492 

the different economic development stage, 493 

renewable energy consumption is limited, 494 

only non renewable energy supplement, its 495 

growth is not obvious lead to economic 496 

growth.  497 

(3) There is a bidirectional Granger 498 

causality between the GDP of 28 countries as 499 

a whole and that of developed countries and 500 

non-renewable energy consumption, This is 501 

consistent with the results of Narayan (2017) 502 

And Apergis (2012). In terms of direction and 503 

intensity of impact, non-renewable energy 504 

consumption in 28 countries as a whole and 505 

developed countries has a significant positive 506 

impact on economic growth. This result 507 

shows that the economic development of 508 

developed countries still needs to rely on the 509 

consumption of non-renewable energy. 510 

Renewable energy is only a beneficial 511 

supplement to their economic development, 512 

but it cannot replace the dominant position of 513 

non-renewable energy at present, but its 514 

impact intensity is higher than that of non-515 

renewable energy. There is also a problem 516 

found in the study that there is no Granger 517 

causality between economic development and 518 

non-renewable energy in developing 519 

countries, and FMOIS estimation is not 520 

significant, which is related to Ito (2017). Ito 521 

believes that non-renewable energy has a 522 

negative impact on economic growth. Further 523 

empirical analysis is needed to solve this 524 

problem.  525 

(4) No matter from the overall situation 526 

of 28 countries or from the distinction 527 

between developed and developing countries, 528 

there was a two-way Granger causality 529 

between carbon dioxide emissions and 530 

renewable energy consumption, which is 531 

consistent with the research results of Danish 532 

(2017). The result shows that the increase of 533 

carbon emissions leads to the increase of 534 

renewable energy consumption, but the 535 

significance is different, the most significant 536 

in developing countries, developed countries 537 

only meet the significance of 10%. The 538 

increase in renewable energy consumption 539 

will also lead to an increase in carbon 540 

emissions, but not significantly. This result 541 

shows that the increase of total carbon 542 

emissions leads to the increase of relatively 543 

clean renewable energy consumption, 544 

especially in developing countries due to 545 

environmental pressure and low cost of 546 

technology replication. However, the result 547 

also shows that the increase of renewable 548 

energy does not necessarily lead to the 549 

reduction of total carbon emissions.  550 

(5) There is an one-way Granger 551 

causality relationship between carbon dioxide 552 

emissions and non-renewable energy in 28 553 

countries as a whole and in developing 554 

countries, and it has a significant positive 555 

impact. And a two-way Granger causality 556 
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relationship between carbon dioxide 557 

emissions and non-renewable energy in 558 

developed countries, which is also a 559 

significant positive influence. This result 560 

suggests that non-renewable energy is a major 561 

contributor to carbon emissions, and that the 562 

growth of carbon emissions, if unchecked, 563 

will further stimulate non-renewable energy 564 

consumption. 565 

 

(a)                              (b)                            (c) 

Figure 1 gdp-co2-re-nre indicates the relationship between re-nres 

Note: A→B indicates that A is B's Granger cause. If there is no arrow, there is no causality. The solid line indicates that the coefficients 

estimated by FMOLS are statistically significant, and the dotted line indicates that the coefficients estimated by FMOLS are statistically 

insignificant. "Orange" indicates positive influence, and "green" indicates negative influence; re、nre、co2、gdp represent renewable energy 

consumption, non-renewable energy consumption, carbon dioxide emissions, and GDP in that order. 

 551 

Conclusions and policy 552 

recommendations 553 

 554 

In this paper, we divide the top 28 555 

countries of carbon emissions into developed 556 

and developing countries, and use the data 557 

from 2000-2017 to test the cointegration and 558 

causality between carbon emissions, 559 

renewable energy consumption, non-560 

renewable energy consumption and economic 561 

growth, and obtain the following main 562 

conclusions: 563 

 (1) From the perspective of all 564 

economies, the growth of carbon emissions 565 

leads to environmental pollution and also has 566 

a significant negative impact on economic 567 

development, hindering the sustainable 568 

development of global society and economy. 569 

(2) The growth of renewable and non-570 

renewable energy consumption in developed 571 

countries is the direct driving force of 572 

economic growth, in which renewable energy 573 

has a stronger influence. Meanwhile, 574 

economic growth in turn further increases the 575 

demand for energy consumption. The results 576 

support the feedback hypothesis. (3) There is 577 

no significant role relationship between 578 

economic growth and energy consumption 579 

growth in developing countries, and there is 580 

only a weak causal relationship between 581 

economic growth and renewable energy 582 

consumption, indicating that the growth of 583 

energy consumption does not necessarily 584 

drive economic growth in developing 585 

countries, which is directly related to the stage 586 

of economic development they are in, and the 587 

results of the study support the neutral 588 

hypothesis. (4) From the perspective of all 589 
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economies, non-renewable energy is the main 590 

factor of carbon emissions, and the 591 

consumption of renewable energy will also 592 

lead to an increase in carbon emissions, but 593 

the impact is weaker, indicating that the 594 

growth of carbon emissions must be 595 

controlled artificially, otherwise 596 

environmental pollution and energy 597 

consumption will form a vicious circle, which 598 

in turn will affect the sustainable socio-599 

economic development.  600 

Based on the main conclusions above, 601 

this paper gives the following proposals for 602 

the development of the macro policy level: (1) 603 

Countries around the world should 604 

collaborate to increase the control of carbon 605 

emissions, developed and developing 606 

countries should clarify the timeline for 607 

carbon peaking and carbon neutrality 608 

according to their own economic 609 

development level, and gradually reduce or 610 

completely replace the consumption of fossil 611 

energy through the adjustment of energy 612 

consumption structure. (2) Developed and 613 

developing countries should improve the 614 

transfer mechanism of energy conservation 615 

and emission reduction technologies within 616 

the framework of the Paris Agreement, so as 617 

to ensure that developed countries get 618 

appropriate benefits from technology transfer 619 

and reduce the cost of renewable energy 620 

development and utilization for developing 621 

countries. (3) Developing countries should 622 

optimize their industrial structure, step up 623 

efforts to eliminate backward industries such 624 

as those with high energy consumption, high 625 

pollution and high emissions, and strictly 626 

screen new industries to avoid repeating the 627 

old path of "pollution first, treatment later" 628 

and reduce trial and error costs. (4) In the 629 

process of industrial transfer, developed 630 

countries should provide appropriate carbon 631 

compensation to the target countries 632 

according to the carbon emissions of the 633 

transferred industries, so as to avoid 634 

transferring the responsibility of carbon 635 

emissions to developing countries through 636 

industrial transfer and increasing their 637 

environmental governance costs. 638 
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