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Abstract 

 

Recently, many scholars have shown their interest into the relationship among 

energy consumption (EC), economic growth (GDP) and pollutants emissions. The 

objective of this paper is to detect the relationship between EC, GDP and 

greenhouse gases emissions (GHG) in group of European countries; Austria, 

Sweden, Norway, France and Finland for data spanning from 1960 to 2011 by 

employing panel data approach. The important results of this empirical study 

show a strong relationship among the variables at 5% significance level. 

Moreover cross section effects model represents the data better than the period 

effects specification as R2 and R2 adjusted are much higher in cross section than 

that in period effects, and all estimated coefficients are significant in cross section 

estimator. In cross section effects GHG can be explained more than 86% by the 

explanatory variables; EC, GDP and GDP2, but in period effects can be explained 

only 21% by the explanatory variables. Moreover we can note that the coefficient 

of GDP in period effect model is (-13.11) which two times more than that in cross 

section effect model (-6.6). The EKC curve (inverted U shape) has been hold in 

both cases. However the value of turning point in period effects model (80961.11 

USD) almost five times higher than that in cross section effects model (16413.88 

USD). Thus policy makers should consider the EC and GDP as effected factors 

towards the GHG. 
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1. Introduction 
 

The relationship among economic growth, energy consumption and pollutants 

emissions becomes a hot topic and it has been investigated by many research 

institutes. Most of developed countries have taken that issue seriously to save 

their energy resources particularly the nonrenewable energy. As a result of 

consuming nonrenewable energy, some of emission pollutants will be emerged 

which has adverse impacts into global warming and climate changes. During the 

last decades, economic situation into some of Asian and European countries has 

improved speedily, that led to more consumption of energy which cases pollution 

in their environments. Those countries now are facing great pressure from the 

government to reduce the emissions. Subsequently, it is very important make a 

clear idea about casualty relationships among economic growth, energy 

consumption and emissions. Recently, numerous empirical studies have been 

conducted to detect that relationship, but they have achieved different outcomes. 

In general, most of those studies have included common variables in their analysis 

with few changings in data spans or in target group.  

 

2. Literature reviews 
 

Roughly, there are three research strands in literatures which describe the 

relationship between economic growth, energy consumption and emissions 

pollutants. The first strand focuses into relationship between economic growth 

and pollutants emissions, which sometime exemplify by environmental Kuznets 

curve (EKC) or inverted U-shaped. EKC shows an increasing in environmental 

degradation with increasing in income (GDP) per capita in early stages, after that 

environmental degradation is starting to descend with income per capita after 

reaching peak. This strand of lectures has started by Grossman and Krueger 

(1991), then it followed by many other studies Stern and Dinda, among others. As 

we mention earlier those empirical studies have displayed various outcomes, some 

support inverted U curve (EKC), while other not, and some shown evidence of 

existing N-shaped, but some provide a negative relationship between emissions 

and GDP per capita. Orubu and Omotor (2011) focused his study in African 

continent which includes 47 countries using annually data from 1990–2002. He 

applied panel data analysis by using (OLS) method in quadratic, augmented and 

cubic formulations. His results support a relationship between income per capita 

and suspended particulate matter (SPM) pollutants, that relationship represented 

by environmental Kuznets curve EKC. On the other hand the organic water 

pollutants (OWP) shows upward trend. There is a positive relationship between 

water pollutants and income per capita. Ghosh (2010) concentrates in India 

country with data spanning over period of 1971 to 2006 by employing (ARDL) 

bounds testing by maximum likelihood method. His main findings show that there 

is no relationship between GDP and CO2 in long run causality, but in short run 

causality there is a bi-directional between them. Akbostanciet al. (2009) focused 
on investigate relationship between GDP, and some emissions pollutants CO2, SO2, 
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PM10 in 58 provinces of Turkey over period 1968 to 2003 by employing panel 

data approaches. The significant results of empirical study provide an evidence of 

N-shape relationship between GDP and both of SO2 and PM10 emissions. 

Alsayed (2013) focused to detect relationship between GDP and some common 

emissions such as CO2, SO2, BOD, SPM10 and GHG for 40 countries which had 

divided into two groups; developed and developing countries for annual data 

spanning from 1961 to 2009 by applying Panel data approaches. The significant 

findings show a positive relationship between GDP and both of BOD and SPM10 

emissions, while the relationship between GDP and GHG in bivariate model is 

week and not significant. Moreover in other empirical studies such as in Agras 

and Chapman (1999) and Richmond and Kaufman (2006) did not support any 

relationship between GDP and emission pollutants.  

 

The second strand concentrates to examine the causality relationship between 

GDP and energy consumption (EC), it has started by Kraft and Kraft (1978), then 

it followed by many other researchers by using miscellaneous methods with 

different countries, while their outcomes has failed to acquire unanimous results. 

Hossain (2012) his study has focused in detecting relationship between GDP & 

electricity consumption in three of SAARC countries spanning from 1976 to 

2009. His finding shows that all panel variables are integrated of order one; all the 

panel variables are cointegrated by using Johansen Fisher panel conintegration 

and Kao tests, while the panel Granger F test has resulted a bidirectional short-run 

causal relationship between GDP and export values but do not support any 

evidence of long run relationship. However it has found that long-run elasticity is 

higher than the short run elasticity of economic growth with respect to electricity 

consumption and remittance. Dergiades et al. (2013) they re-examined linear and 

non-linear causal relationship between EC and economic activity (GDP) in Greece 

spanning period 1960–2008. First they applied the unit root tests; ADF test and 

(GLS–DF) test with and without a trend, standard KPSS test, six different types of 

the non-parametric Bierens Guo test, and ZA considering a structural break. The 

novelty of their study is employed combination of non-linear causality techniques 

along with use of a quality-weighted scheme in construction of total energy 

consumption series. They applied well-known non-parametric Hiemstra and Jones 

(1994) test for non-linear causality. Their findings indicate unidirectional causal 

relationship running from total EC to GDP in both linear and non-linear causal 

linkages. Mehrara (2007) examined the relationship between EC and GDP per 

capita in some of oil exporting countries. In his study the target group was contain 

of seven countries in Middle East MENA “Saudi Arabia, Iran, Bahrain, Oman, 

Algeria, Kuwait, and United Arab Emirates (UAE)”. His results support the 

existence of unidirectional causality running from GDP to EC. He proposes that 

reform energy prices without negative effect in GDP and in environmental 

quality. Huang et al. (2008), concentrate to detect relationship between GDP and 

EC for 82 countries, which had divided into four economics groups (low income, 

lower middle income, upper middle income, and high income) for panel data 
spanning from 1972-2002 by employing GMM-SYS approach. The significant results 
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did support the existence of causal relationship between EC and GDP in low 

income group, however in both of middle income groups there are a positive 

relationship between EC and GDP, but it is negative in high income group.  

 

Third strand comprises of two previous strands, it investigates the relationship 

among the economic growth, energy consumption and pollutants emissions. Few 

studies had shown their interested in that strand however some of them used CO2 

as a proxy of environment emission, few other studies have used GHG as a main 

variable in their study, and their finding failed to achieve unanimous conclusions. 

Khan et al. (2013) they investigated the casual relationship between GHG, GDP 

and EC in Pakistan, they applied the Johansen cointegration to estimate the 

relationship in the long run, while they employed the Granger causality test to find 

the influence direction among the variables. And they used the variance 

decomposition techniques to compare the influence of GHG on EC over the time 

period from 1975 to 2011.  Their study have included few variables such as GHG, 

CO2, GDP, EC, agricultural methane emissions, agricultural nitrous oxide 

emission and combustible renewables and waste. The results of study indicate that 

the EC in Pakistan has a positive effect towards the GHG. There is a uni-

directional causality relationship running from EC to GHG but no feedback 

causality exists. Moreover there is no relationship between EC and agricultural 

nitrous oxide emission. GHG is closely associated with GDP and EC in Pakistan.  

Furthermore the results of Variance decomposition analysis show that the largest 

contributions into EC in Pakistan are the GHG and combustible renewables and 

waste exerted. Yang, Z., & Zhao, Y.(2014) they detected the interrelationship 

among several factors GDP, EC and CO2 emissions in India over period 1979 to 

2008 by using Granger causality tests and directed acyclic graphs (DAG). Their 

findings that there are two unidirectional Granger causality relationships, one of 

them running from EC to CO2, while other running from EC to GDP. However 

there is a bidirectional causality relationship between CO2 and GDP. Moreover 

their results show that the trade openness is a significant determinant in EC and 

CO2. Jahangir et al. (2012) they have investigating causality relationship between 

EC, electricity consumption, CO2 and GDP in Bangladesh over period 1972 to 

2006. Their analysis combines of three stapes; first they applied the Johansen 

bivariate cointegration model test to examine the cointegration relationships, 

secondly they used ARDL test to check the model robustness. Thirdly they 

applied VECM test to detect the Granger causality in both of short-run and long-

run. Their findings show that there are three unidirectional causality relationships; 

one of them running from EC to GDP in short and long run, while the second 

running from EC to CO2 emission only in short run, but feedback causality exists 

in the long-run, and third one running from CO2 to GDP in both of short run and 

in long-run. While there is a bidirectional causality relationship between GDP and 

electricity consumption in short run only. In their conclusion they suggest that to 

consider the energy consumption including the electricity as an effect factor into 

GDP in Bangladesh. Also they suggest that the government should concentrates 
more to conserve the environment by using alternative energy resource less pollutant 
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of CO2 emission, as the latest has direct effect to environment degradation. Tang 

&Tan (2013) focuses in relationship between several factors such as GDP, energy 

prices, and technology innovation with electricity consumption in Malaysia for 

time series spanning from 1970 to 2009. The most contributed thing that they 

included the technology innovation in estimated model as a new control variable, 

the amount of patenting activities can be used as a proxy for technology 

innovation. They applied Zivot and Andrew and the Narayan and Popp for one-

break unit root test and two-break unit root test respectively, to determine the 

order of integration of each series. In additional of that they used two versions of 

Zivot–Andrew; model A which allows changing in the intercept, and model C 

which allows changing in both of the intercept and the slope. Then they employed 

the (ARDL) model to test long run cointegration. And they used the Granger 

causality test to investigate causal relationship between the variables. Their 

findings show that electricity consumption with other variables are cointegrated. 

Moreover the electricity consumption has been effected positively by GDP, while 

it has been affected negatively by both of energy prices and technology innovation 

in long run. In additional of that results indicate that there is bidirectional Granger 

causality between electricity consumption and GDP, energy prices and technology 

innovation in both of short run and long run. In conclusion he suggests that the 

policy maker should encourage technology innovation to reduce usage of fossil 

fuels, which may result the balance between GDP and EQ in Malaysia. Soytas et 

al. (2007) he studied long run Granger causality between EC, CO2 and GDP in 

USA. Moreover he added some other factors in his model such as labor force and 

investment in capital, while his findings do not support the existence of causality 

direction neither between GDP and CO2, nor between GDP and EC. Moreover he 

confirmed that the main resource of emissions is the EC. 

 

The objective of this study is to apply the GHG within multivariate model (GDP 

and EC) and to examine the relationship among them. In best of our knowledge 

most of previous studies employed the GHG in bivariate models. This paper is 

organized into four sections. Section 2 indicates data description. Section 3 

illustrates the details of panel data approach and empirical results. Section 4 

provides a conclusion and recommendation to policymakers. 

 

3. Description of Data  
 

The main variables in this empirical study are; economic growth which 

represented by GDP gross domestic product per capita measured by USD$, 

aggregate energy consumption including electricity consumption, fossil fuel and 

renewable energy etc. Greenhouse gases emission (GHG) removals by LUCF 

refer to changes in atmospheric levels have chosen as a proxy for emission 

pollutants in this study. In the other hand the target group has assembled from 

Europe continent which are Austria, France, Finland, Norway and Sweden. The 

panel data has collected annually and it obtained from World Bank website 

spanning over period 1960 to 2010. Most of previous studies employed GHG in  
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bivariate models while in this study we going to apply it within multivariate 

model. 

 

4. Methodology 
 

Panel data method has been applied in this study to detect the relationship among 

GDP, EC, and GHG. Panel data analysis has important steps should be processed 

by order; after estimating both of fixed effects models (FE) and Random effects 

model (RE) the comparison between them should be made by employing 

Hausman test. Then pooled model might be estimated and it compares it with FE 

model by applying redundant test, last step is estimating robust model. One 

advantage of panel data approaches is detecting dynamics changes in short time 

series. And it considers the temporal and spatial dimensions of data which can 

result more significant regression model (Woolridge 2002). The standard model 

of panel data can be designed as: 

it it  '  ity X      

Where i represent the countries and t indicates the temporal years. α is a constant, 

' is coefficients vector and it is error term. There are two estimation models, i.e. 

fixed effects model and random effects model. Fixed effects model has 

represented as a following: 
'it it it

it i it

y X

u

  

 

  

 
 

Where 
i is time or fixed over time, while in random effect model, mean error 

i

and random error 
itu are randomized. Both of error components are assumed to be 

random variables with normal distribution (i.i.d.), these error components are 

uncorrelated with independent variables (Yaffee, 2003). 

 

Diagnostic tests  

 

First test is Hausman test which uses to compare between FE and RE which 

considered as Wald χ2 test with degrees of freedom (k-1), where k is number of 

regressors in model. If outcome shows a correlation between FE and RE, that 

means there is a significant evidence to choose the FE. The formula of Hausman 

statistics is  

   
1

 '  var   var  FE REm q q 


      

 

Where 
FE REq    . In null hypothesis both of FE and RE models are consistent, 

and RE is more appropriate. However in alternative hypothesis FE is more 

appropriate than RE, thus we choice FE model and we reject null hypothesis 

(Schmidheiny and Basel, 2011). Moreover, second test is redundant test to 

compare between fixed effects model and pooled model. We assume that pooled 

model is baseline for comparison. The formula of redundant statistics is: 
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Where LSDV represents fixed model, T indicates total number of temporal 

observations, while n shows number of countries. The rejection of the hypotheses 

illustrates pooled model fits the data better than FE model (Greene and Zhang, 

2003). 

 

Turning points: 

The turning points could be determined by the estimated coefficients as following:  

o β2 = β3 =0, represents no relationship between GDP and GHG. 

o β2 > 0 and β3 = 0, represents the positive relationship between GDP and 

GHG. 

o β2 < 0 and β3 = 0, refers negative relationship between GDP and GHG. 

o β2 > 0, β3 < 0, represents an inverted-U-shaped “EKC”. 

o β2 < 0, β3 > 0, represents U-shaped relationship. 

The turning points (TP) could be calculated by the following equation Y (TP) = 

Exp(-β2 /2β3). 

 

5. Discussion and results  
 

Diagnostic tests 
Following random effects estimation models and fixed effects estimation models, 

we compere the goodness of fit between them, the results of Hasuman test shows 

by Table 1. The significant findings are suggested that RE is more appropriate 

than FE in cross section effects, while in period effect suggests that FE is more 

appropriate than RE.  

 
Table 1 Hausman test 

Cross-section effects Period effects 

1.16 17.9*** 
Chi-Sq test are significant at 1% level ***; at 5% level ** and at 10% level *. 

 

In case of period effects model which considers FE model is appropriate more 

than RE, the following stage is to compare it with pooled model by applying 

redundant test. Redundant test results are omitted in case of cross section because 

the Hausman test has decided the practical case is to use random effect model. 

The results of redundant test are shown in Table 2. The output of period effects 

model shows significant results at 1% level for choosing the FE model as 

appropriate model.  
Table 2 Redundant Test 

Cross-section effects Period effects 

---------- 22.7*** 
F test statistics are significant at 1% level ***; at 5% level ** and at 10% level *. 
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Panel data Estimation model:  

 

This section illustrates results of best estimation model can be fit the data of each 

variable as in the follows equations: 
 

Cross section effects 

Ln GHG it = αi + β 1 Ln EC it + β 2 Ln (GDP it) + β 3 Ln (GDP it)
2 

 

Period effects 

Ln GHG it = γt +β 1 Ln EC it + β 2 Ln (GDP it) + β 3 Ln (GDP it)
2 

 

After running the diagnostic tests and taken the decision of the appropriate model 

for each case, however in case of finding that FE is appropriate model, the 

estimation of robust model been estimated by using GLS method. We can clearly 

note that cross effects specification can explain data better than period effects 

model as the R2 and R2 adjusted are higher and most of its coefficients are 

significant. In cross section effects GHG can be explained more than 86% by the 

explanatory variables; EC, GDP and GDP2, but in period effects can be explained 

only 21% by the explanatory variables. Moreover we can note that the coefficient 

of GDP in period effect model is (-13.11) which two time more than that in cross 

section effect model (-6.6). While the coefficients of GDP2 are close to gather in 

both model. Table 4 summarized the results.  
 

Table 3 Estimation Models 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Coefficient estimate is significantly different from zero, * at 10%; ** at 5%. *** at 1%. β1 is coefficient for EC, while β2 is 

coefficient for GDP. And β3 is coefficient of GDP2. D-W Test is Durbin-Watson statistics. 

 

Turning points EKC Curve 

The results of turning points have been calculated from the estimated coefficients 

in Table 3. EKC curve have been hold in both cases. However the value of turning 

point in period effects model (80961.11 USD) almost five times higher than that 

in cross section effects model (16413.88 USD). Table 4 shows the results. 

The Estimation 
Best Model Fitted The Panel Data 

Cross-section effects Period effects 

Coefficients RE Pooled 

α -28.25** -76.53** 

β1 Ln (EC) -0.88*** -0.095 

β2 Ln (GDP) 6.6*** 13.11* 

β3 Ln (GDP )2 -0.34*** -0.58* 

Statistics Tests 

R-squared 0.86 0.21 

Adjusted R2 0.85 0.17 

D-W Test 0.83 0.10 
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Table 4 Turning Points 

Cross-section effects Period effects 

16413.88 USD 80961.11 USD 

 

6. Conclusions 
 

The main objective in this study is to detect the relationship among the economic 

growth (GDP), energy consumption (EC), and GHG in group of European 

countries. The comparison has been made between the two effects models by 

applying Panel data approach. Whilst Hausman and redundant tests have been 

used in ordered to determine the best model fit the data. The data have covered 

annually over the period 1960 to 2010.The main findings is cross section effects 

model represent the model better than the period effects specification as R2 and R2 

adjusted are much higher and the estimated coefficients are significant in cross 

section estimator. In cross section effects GHG can be explained more than 86% 

by the explanatory variables; EC, GDP and GDP2, but in period effects can be 

explained only 21% by the explanatory variables. Moreover we can note that the 

coefficient of GDP in period effect model is (-13.11) which two time more than 

that in cross section effect model (-6.6). While the coefficients of GDP2 are close 

to gather in both model. The EKC curve (inverted U shape) has been hold in both 

cases. However the value of turning point in period effects model (80961.11 

USD) almost five times higher than that in cross section effects model (16413.88 

USD). As a result of that, GHG emissions should be considered as an important 

factor into energy consumption and economic growth by policy maker. 

 

 

References   
 

[1] Agras, J., Chapman, D., 1999. A dynamic approach to the environmental 

Kuznets curve hypothesis. Ecological Economics 28, 267–277. 

http://dx.doi.org/10.1016/s0921-8009(98)00040-8  

 

[2] Al Sayed, A. R., & Sek, S. K. (2013). Environmental Kuznets Curve: 

Evidences from. Applied Mathematical Sciences, 7(22), 1081-1092.  

 

[3] Apergis, N. and Payne, J.E. (2009), “Energy consumption and economic 

growth in Central America: evidence from a panel cointegration and error 

correction model”, Energy Economics, Vol. 31, pp. 211-6. 

http://dx.doi.org/10.1016/j.eneco.2008.09.002  

 

[4] C. O. Orubu and D. G. Omotor, Environmental quality and economic growth: 

Searching for environmental Kuznets curves for air and water pollutants in Africa. 

Energy Policy, 2011, Vol. 39, pp. 4178-4188. 

http://dx.doi.org/10.1016/j.enpol.2011.04.025  

 

http://dx.doi.org/10.1016/s0921-8009%2898%2900040-8
http://dx.doi.org/10.1016/j.eneco.2008.09.002
http://dx.doi.org/10.1016/j.enpol.2011.04.025


 

2654                                                                                                    Zaidi Isa et al. 

 

 

[5] Dergiades, T., G. Martinopoulos and L. Tsoulfidis (2013). "Energy 

consumption and economic growth: Parametric and non-parametric causality 

testing for the case of Greece." Energy Economics 36: 686-697. 

http://dx.doi.org/10.1016/j.eneco.2012.11.017  

 

[6] Dinda S. Environmental Kuznets curve hypothesis: a survey. Ecological 

Economics 2004; 49:431–55.  

http://dx.doi.org/10.1016/j.ecolecon.2004.02.011  

 

[7] E. AkbostancI, S.Türüt-AsIk and G. I. Tunē, The relationship between income 

and environment in Turkey: Is there an environmental Kuznets curve? Energy 

Policy, 37(3), 861-867, 2009.  

http://dx.doi.org/10.1016/j.enpol.2008.09.088  

 

[8] Ghosh, S., 2010. Examining carbon emissions economic growth nexus for 

India: A multivariate cointegration approach. Energy Policy 38, 3008–3014. 

http://dx.doi.org/10.1016/j.enpol.2010.01.040  

 

[9] Grossman, G., Krueger, A., 1991. Environmental impacts of a North American 

free trade agreement. National Bureau of Economics Research Working Paper, 

No. 3194. In NBER, Cambridge.  

http://dx.doi.org/10.3386/w3914  

 

[10] Hossein, S. S. M., Yazdan, G. F., & Hasan, S. (2012). Consideration the 

Relationship between Energy Consumption and Economic Growth in Oil 

Exporting Country. Procedia - Social and Behavioral Sciences, 62, 52-58.  

http://dx.doi.org/10.1016/j.sbspro.2012.09.011  

 

[11] Huang, B.N., Hwang, M.J. and Yang, C.W. (2008), “Causal relationship 

between energy consumption and GDP growth revisited: A dynamic panel data 

approach”, Ecological Economics, Vol. 67, pp. 41-54. 

http://dx.doi.org/10.1016/j.ecolecon.2007.11.006  

 

[12] Jahangir Alam, M., Ara Begum, I., Buysse, J., & Van Huylenbroeck, G. 

(2012). Energy consumption, carbon emissions and economic growth nexus in 

Bangladesh: Cointegration and dynamic causality analysis. Energy Policy, 45, 

217-225.  

http://dx.doi.org/10.1016/j.enpol.2012.02.022  

 

[13] Khan, M. A., Khan, M. Z., Zaman, K., Khan, M. M., & Zahoor, H. (2013). 

Causal links between greenhouse gas emissions, economic growth and energy 

consumption in Pakistan: a fatal disorder of society. Renewable and Sustainable 

Energy Reviews, 25, 166-176.  

http://dx.doi.org/10.1016/j.rser.2015.03.016  

 

http://dx.doi.org/10.1016/j.eneco.2012.11.017
http://dx.doi.org/10.1016/j.ecolecon.2004.02.011
http://dx.doi.org/10.1016/j.enpol.2008.09.088
http://dx.doi.org/10.1016/j.enpol.2010.01.040
http://dx.doi.org/10.3386/w3914
http://dx.doi.org/10.1016/j.sbspro.2012.09.011
http://dx.doi.org/10.1016/j.ecolecon.2007.11.006
http://dx.doi.org/10.1016/j.enpol.2012.02.022
http://dx.doi.org/10.1016/j.rser.2015.03.016


 

Detect the relationship among energy consumption, economic growth…         2655 

 

 

[14] Kraft, J., Kraft, A., 1978.On the relationship between energy and GNP. 

Journal of Energy and Development 3, 401 -403. 

 

[15] Mehrara, M. (2007a), “Energy consumption and economic growth: the case 

of oil exporting countries”, Energy Policy, Vol. 35, pp. 2939-45. 

http://dx.doi.org/10.1016/j.enpol.2006.10.018  

 

[16] Ozturk, I., et al. (2010). "Energy consumption and economic growth 

relationship: Evidence from panel data for low and middle income countries." 

Energy Policy 38(8): 4422-4428.  

http://dx.doi.org/10.1016/j.enpol.2010.03.071  

 

[17] R. Yaffee, A primer for panel data analysis. Connect: Information 

Technology at NYU, 2003.K. Schmidheiny and U. Basel, Panel Data: Fixed and 

Random Effects. 2011. 

 

[18] Richmond, A.K., Kaufman, R.K., 2006. Is there a turning point in the 

relationship between income and energy use and/or carbon emissions? Ecological 

Economics 56, 176–189.  

http://dx.doi.org/10.1016/j.ecolecon.2005.01.011  

 

[19] Soytas, U., Sari, R. and Ewing, B.T. (2007), “Energy consumption, income, 

and carbon emissions in the United States”, Ecological Economics, Vol. 62, pp. 

482-9. http://dx.doi.org/10.1016/j.ecolecon.2006.07.009  

 

[20] Stern DI. The rise and fall of the environmental Kuznets curve. World 

Development 2004; 32:1419–39.  

http://dx.doi.org/10.1016/j.worlddev.2004.03.004  

 

[21] Tang, C. F. and E. C. Tan (2013)."Exploring the nexus of electricity 

consumption, economic growth, energy prices and technology innovation in 

Malaysia." Applied Energy 104: 297-305. 

http://dx.doi.org/10.1016/j.apenergy.2012.10.061  

 

[22] W. H. Greene and C. Zhang, Econometric analysis (Vol. 5): Prentice hall 

Upper Saddle River, NJ, 2003. 

 

[23] Woolridge, J. (2002). Econometric Analysis of Cross-Section and Panel 

Data. MIT Press, pp. 130, 279, 420-449. 

 

[24] Yang, Z., & Zhao, Y. (2014). Energy consumption, carbon emissions, and 

economic growth in India: Evidence from directed acyclic graphs. Economic 

Modelling, 38, 533-540. http://dx.doi.org/10.1016/j.econmod.2014.01.030  

 

 

http://dx.doi.org/10.1016/j.enpol.2006.10.018
http://dx.doi.org/10.1016/j.enpol.2010.03.071
http://dx.doi.org/10.1016/j.ecolecon.2005.01.011
http://dx.doi.org/10.1016/j.ecolecon.2006.07.009
http://dx.doi.org/10.1016/j.worlddev.2004.03.004
http://dx.doi.org/10.1016/j.apenergy.2012.10.061
http://dx.doi.org/10.1016/j.econmod.2014.01.030


 

2656                                                                                                    Zaidi Isa et al. 

 

 

[25] Zaidi I. and Al Sayed, A. R., Sek, S. K. (2015), “Review paper on economic 

growth–aggregate energy consumption nexus” International Journal of Energy 

Economics and Policy (5) 2146-4553. 

 

 

Received: January 21, 2015; Published: April 1, 2015 

 


