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Abstract 
The study aims at investigating the influence of Energy Consumption 

on Real GDP of South Asian Region. The study uses Panel data of five 

South Asian countries like Bangladesh, India, Nepal, Pakistan and Sri 

Lanka for the time period from 1990 – 91 to 2013 – 14. Stationary is 

examined using Levin, Lu and Chu test for confirming that all variables 

are integrated of order 1. Johansen Fisher Panel Co integration test 

confirms that there are more than six co integrating equation. Results 

of the Fully Modified OLS suggest that Total Labor Force, Real Gross 

Fixed Capital Formation, Real Industrial Sector Output, Real 

Government Expenditure and Energy Consumption are positively 

influencing Real GDP in South Asia while GDP Deflator is negatively 

affecting Real GDP of South Asian Countries.  

 

Keywords:  Energy Consumption, Real GDP, South Asian Countries, Industrial Sector 

Output, Fully Modified Ordinary Least Square method. 

 

I. Introduction 
 Energy is considered to be the backbone of the development of a nation due to its 

vital role for growth and development. Energy is involved in every sector of the economy 

such as agriculture industry, transportation, social and public sector, household, business 

sector, trade etc. Each sector has its own important implications about the use of energy 

for long run and short run fluctuation in economic activities. Energy raises the 

productivity of all other factors along with improvement in living standard of household 

due to its use. Regarding Energy Consumption and Real GDP, there may asked various 

questions to realize its importance such as; Why is it important to study the energy 

relationship with Real GDP? If we consider both terms separately then we can say that 

energy plays its vital role in the development of a nation. We cannot separate energy 

from any sector of economy. Any form of technology is fully energy dependent and 

contribute only if energy is available. Indirectly, we can say that energy enhances our 
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productive capacity and total production can be increased in short time, without too much 

labor. If total production will increase, the share of agriculture in national income will 

also increase. Now, if we look at up gradation of transportation then it is also possible in 

the presence of energy (oil, petroleum).  

 

 If we connect the increasing level of living standard with energy then we may say 

that energy (electricity, natural gas) is backbone of luxuries and comfortable life style. 

All new inventions that are responsible for bringing comfort in our life are also energy 

dependent. All developing and developed nations where lifestyle is more mechanical are 

only due to intensive use of energy. If living standard increases then ultimately our 

working capacities and efficiencies also increases and we will be able to contribute more 

in national income. 

 

 There has been found causality running from electricity consumption to GDP in 

Philippines by using Engle – Granger causality test (Ghosh, 2002). By using Granger 

causality, it has been obtained that GDP is causes by energy consumption (Lean and 

Smyth (2010), Narayan and Prasad (2008), Ouedraogo (2010), Shengfeng et al. (2012), 

Abosedra et al. (2009), Akinlo (2009), Apergis and Payne (2009), and Bohm (2008)). 

Yuan et al. (2007) used Co-integration granger’s technique and obtained same results. 

Vector error correction model is used to show that Real GDP was determined by energy 

consumption (Yoo and Kwak (2010), Acaravci (2010), Yuan et al. (2007) and Shiu and 

Lam (2005)). Lee (2006) employed Toda – Yamamoto causality technique. Shuyun and 

Donghua (2011), Narayan and Smith (2008) practiced panel granger causality in order to 

get the result of one way causality streaming from energy consumption to economic 

growth. Gurgul and Lach (2012) and Chandran et al. (2010), Hatemi and Irandoust 

(2005), and Altinay and Karagol (2005) utilized various techniques to uncover the 

direction of causality. 

 

 Intensified causality running from economic growth to energy consumption by 

applying granger causality technique is explored by Shahbaz et al. (2011), and Jamil and 

Ahmad (2010). Shahbaz and Feridun (2012) adopted ARDL technique.  Shahbaz and 

Lean (2012) utilized  voluminous process e.g. error correction model, panel causality test, 

bootstrapped causality test approach, Johansen’s Maximum Liklihood method, pair – 

wise grange causality test, panel cointegration test, ARDL etc. By using Granger 

causality, it was obtained that GDP was caused by energy consumption. Shahbaz and 

Lean (2012), and Ahmad and Islam (2011) used Co-integration granger’s technique and 

obtained same results.  

 

 We cannot disjoin energy and economic growth from any sector of economy 

therefore it is important to study their relationship so that appropriate policy can be 

formulated that is in the best interest of economy.  The objective of the study is to 

examine the influence of Energy consumption on Real GDP of some selected South 

Asian countries. Apart from Introduction in first section, Section 2 reviews Empirical 

Evidences, in section 3, data and methodological issues are discussed, section 4 interprets 

the empirical results and finally concluding remarks and policies are given section 5.  
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II. Review of the literature 
 In recent years, few studies have been presented both nationally and 

internationally on this issue using time series as well as panel data. But still this issue is 

needed to be discussed more at macro level to find solid policy framework in the future. 

Keeping in view the importance of Energy Consumption in Pakistan, some empirical 

evidences from Pakistan and International Economy are reviewed here in this section.  

 

 Jaccard and Sims (1991) compared demand-side management investments with 

investments in new generation not just in terms of cost but also in terms of their impact 

on provincial employment and income by using Input-Output model. The results 

suggested that ratio of total employment to direct employment was expected to be higher 

where additional manufacturing employment and income would result from investments 

in electricity conservation. 

 

 Aqeel and butt (2001) tried to determine the causal relationship between electricity 

consumption and general economic activities in Pakistan in two time periods (from 1955-

56 and 1995-96) by using Hsaio’s version of granger causality. They found that only 

energy consumption causes employment whereas economic growth causes total energy 

consumption. The authors alluded that oil should be used more efficiently and any policy 

regarding petroleum consumption will lead to expand employment opportunities in 

Pakistan. 

 

 Chen et al. (2007) examined the causal relationship between economic growth and 

electricity consumption by using Pedroni Panel Co-integration whereas the time series 

data was taken from 1971 to 2001. There were multiple results such as in Hong Kong, 

Indonesia the causality was flown from electricity consumption towards economic 

growth. The electricity consumption was determined by economic growth in India, 

Korea, Malaysia, Philippines, and Singapore. There were three countries which showed 

neutrality situation and these were China, Taiwan and Thailand. 

 

 Khan and Qayyum (2007) conducted a study to re-examine the long term link 

between electricity consumption and real output in Bangladesh, India, Pakistan and Sri 

Lanka. The authors used Conditional Unrestricted Error Correction model on yearly data 

from 1972 to 2004 and found that real output exerted a positive stroke on energy 

consumption. 

 

 Haye and Riaz (2008) re-estimated the causality between electricity consumption 

and economic growth in Pakistan by employing the co-integration technique on annual 

data (1971-2008). The findings suggested that there was unidirectional causality that flew 

from economic growth towards electricity consumption so authors recommended that 

Pakistan would need to invest in energy sector to reduce import burden. Mallick (2009) 

examined that growth rate of GDP give rise to more demand for natural gas and 

electricity consumption by applying VAR model on annual data from 1970-1971 and 

2003-04. 

 

 Shahbaz and Feridun (2011) identified the long run equilibrium relationship 

between electricity  consumption and economic growth along with applying causality 

tests on two variables by the help of annual data from 1971-2008. The writers suggested 

that only economic growth caused electricity consumption and economic growth brought 
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an increase in electricity consumption therefore government should initiate 

environmental friendly policies like electricity conservation policy. 

 

 Adebola (2011) intended to investigate the relationship between electricity 

consumption and real gross domestic product in Botswana for the time period of 1980-

2008 by using Autoregressive Distributed Lagged model. The results indicated that 

capital had negative impact on growth of real gross domestic product whereas electricity 

consumption had significant positive impact. 

 

 Tiwari (2011) discovered no relationship or causality between energy consumption 

and economic growth for India. Same results concluded by Acaravci and Ozturk (2009, 

2010), Yu and Hwang (1984), Soytas and Sari (2003), Narayan and Prasad (2008), and 

Yu and Choi (1985). Ciarreta and Zarraga (2012) found unidirectional causality between 

electricity consumption and economic growth that seem to be more consistent for 

developing countries by employing Vector Autoregressive Technique on annual data 

(1971-2005). The author encountered that empirics were supporting the statement of the 

study and only GDP causes electricity consumption. 

 

 George and Oseni (2012) tried to provide empirical evidences of the influence of 

electricity power generation and supply on the level of unemployment in the Nigerian 

economy by applying OLS on annual data (1970-2005). The authors researched that 

industrial electricity consumption had a high negative impact on unemployment. This 

referred that there should adequate attention in order to improve power generation and 

supply to industry so that installed capacity could be fully utilized and unemployment can 

be reduced. 

 

 Farhani and Rejeb (2012) studied the relationship between economic growth and 

energy consumption taking panel data for 95 countries from 1971 to 2008. The authors 

divided the countries into four divisions with respect to income and applied granger 

causality. The results showed long run causality running from GDP to energy 

consumption in low and high income countries, Uni-directional causality only from 

economic growth to energy consumption for lower middle and upper middle income 

countries. The policy suggestions were given that as an increase in GDP leads energy 

consumption positively therefore an energy conservation policy is necessary. 

 

 Chaudhry et al. (2012) investigated the empirical relationship among energy 

consumption and economic growth for Pakistan. They have taken annual data from 1972 

to 2012. The findings of the study concluded that the consumption of electricity had 

significant and positive influence on economic growth. The oil consumption was also 

responsible to affect economic growth adversely because of its high volume of import. 

The variable of trade openness had also up beaten economic growth in the period.  

 

 Ahmad et al. (2012) studied the intensity of relationship between energy 

consumption and economic growth in Pakistan by applying OLS on 1973 – 2006 annual 

data and estimated that GDP exerted positive cause energy consumption. The researcher 

suggested that energy conservation policy should be designed in such a way that it does 

not adversely affect economic growth. 
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 Attiya et al. (2012) analyzed the role of electricity in economic development 

process of Pakistan by examining the causal relationship between electricity consumption 

and real GDP by employing Vector Error Correction model on annual data from 1971 to 

2008. The findings told that adverse shocks to electricity supply bring a negative impact 

on economic growth therefore there is need of planning and investment in infrastructural 

development to satisfy increasing demand of electricity.  

 

  Faridi and Murtaza (2013) concluded positive relationship of disaggregated 

energy on economic growth and agriculture sector for Pakistan. Campo and sarmiento 

(2013) estimated the elasticity of the long-run relationship between energy consumption 

and GDP for 10 countries in Latin America from 1971 to 2007. The study employed 

Pedroni's (1999, 2004) panel cointegration test to determine if such a long-run 

relationship exists. Westerlund's (2006) cointegration test for panel data was used to 

estimate the slopes of the long-run relationship variables. The findings provided 

empirical guidance for policies to promote energy conservation and efficiency. Co-

integration between the two variables was found to exist in both directions. The paper 

discussed the energy dependence of some countries and described potential 

implementation of energy conservation policies in others. 

 

 Giraud and Kahraman (2014) examined the basic flaws behind the mainstream 

analytical arguments for this neglect, and provided an empirical reassessment of this role. 

The study used an error correction model in order to estimate the long-run output 

elasticity of primary energy use in 50 countries between 1970 and 2011. By contrast with 

mainstream macroeconomics, the findings showed that this elasticity lied between 0.6 

and 0.7. It was showed that energy and growth were co-integrated and primary energy 

consumption univocally Granger caused GDP growth. This confirmed the results on co-

integration and causality between energy consumption and growth. 

 

III. Data and methodological Discussion 
A. Data Range and Sources 

 The study incorporates South Asian Countries. Only five countries are selected 

from eight South Asian countries which are Nepal, Pakistan, Bangladesh, India and Sri 

Lanka. Combining time periods (T) from 1990 – 91 to 2013 – 14 with cross sections (N) 

that are Nepal, Pakistan, Bangladesh, India and Sri Lanka, the analysis forms Panel data 

to examine the impact of energy consumption. Real variables are calculated considering 

2005 as a base year. Units of measurement and data sources of all the variables are 

presented in the table 1. 

 

B. Econometric Methodology 

 Empirical estimation using panel data is critical issue for economists of this decade 

as there are many problems related to panel data of growing economies. This generates a 

serious econometric problem of stationarity. To solve this problem, there has been 

developed an appropriate technique discussed in this section.  

 

Non Stationary Panels 

 In panel data studies the essential concept of stationarity and co-integration are 

often ignored. However, the growing trend of using panel data with macroeconomics 

applications to the issues of stationarity and co integration has been emerged. The reason 

of this emergence of such issues is due to lengthy time series for a large sample of 
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countries. In macro panels, both T (number of time series) and N (number of cross 

sections) are large unlikely the micro panels where N is large but T is small. For example, 

Penn – World tables were data is available for a large set of countries for a lengthy time 

period. Therefore a complete new set of different problems arise in panel analysis. All 

related issues were already considered and answer successfully in the situation of time 

series data but in panel data sets the stationarity and co integration problems are mainly 

more complex due to large N and T samples.  

 

Table 1: Data Sources and Unit of Measurement 
Variables Units of 

Measurement 
Data Source 

Real Gross Domestic 
Product 

US Dollars World Development Indicators 

Real Gross Fixed 
Capital Formation 

US Dollars World Development Indicators 

Real Industrial 
Sector Output 

US Dollars World Development Indicators 

Real Government 
Expenditure 

US Dollars World Development Indicators 

GDP Deflator Price Index World Development Indicators 

Energy Consumption Kilotonnes of Oil 
Equivalent 

World Development Indicators 

Trade Openness Openness Index World Development Indicators 

Lending Interest rate Percentages World Development Indicators 

 

Panel Unit root tests 

 When we have to deal with panel data then the estimation process becomes more 

complex rather than time series data. As degree of heterogeneity is appeared during 

estimation of panel data therefore it is important to keep in view that all entities of data 

has different properties like they may be stationary or may be not and they may be co - 

integrated or may not be. While using unit roots some issues arise which are; 

 

1. Unit root requires balanced panel data. A balanced data has not missing any data 

for ‘i’ and ‘t’. Some other methods than unit root allow for unbalanced panel 

setting all well. 

2. Null Hypothesis of Panel Unit root test is that all variables are non stationary. This 

null hypothesis is rejected if some series appear to be stationary. Whereas other 

methods formulate null hypothesis as all series in panel data are stationary and it is 

rejected when there is sufficient prove of stationary series. Levin, Lin and Chu test 

may be used for examining stationary of variables. 

 

Panel Co integration Tests 

 The co integration tests are considered to be compulsory in order to investigate the 

problem of spurious regression that is linked with non stationarity of series. The co 

integration tests for two variables, Xit and Yit investigates either; 

 

1. A simple spurious regression where Xit and Yit are integrated of some order and 

residuals Uit has a stochastic trend or; 

2. A special case where Xit and  Yit are integrated of same order and Uit is stationary. 
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 In the first case, by applying 1
st
 differences the regression equation is re-estimated 

while in 2
nd

 case, variables are said to be integrated. There are different tests for co 

integration in panels but best work had been done by Engle and Granger. The study uses 

Panel Fisher/ Johansen Cointegration test for analyzing long run relationships among 

variables and long run coefficients are estimated using Fully Modified Ordinary Least 

square method. 

 

Table 2: Hypotheses – Real GDP 
Variable Description Expected Relationship 

Dependent Variable: Real GDP (ECGR) 

TLAB Total Labor Force Positive 

RCAP Real Gross Fixed Capital Formation Positive 

EC Energy Consumption Positive 

PRIC GDP Deflator Negative 

RGEX Real Government Expenditure Positive 

RINDUS Real Industrial Sector Output Positive 

 

C. Model Specification 

 The objective of the study is to investigate the influence of Energy Consumption 

on Real GDP. For that purpose, we have formulated the theoretical model which is based 

on General Neo Classical Production function denoted as; 

 

                   

  

 ECGR denotes Real Gross Domestic Product, TLAB shows total labor force 

available in the economy and RCAP is real gross fixed capital formation. Based on the 

Objective, the study also includes the Energy Consumption (EC) as the core variable. So, 

production function is; 

 

                      
 

 Real GDP does not only depend on labor force, capital and energy consumption. It 

is also affected by many other variables; the study includes few of them as shown below.  

 

                                       
 

 In the above model, RGEX is real government expenditure; PRIC shows GDP 

Deflator – price index, and RINDUS denote and real industrial sector output respectively. 

The definition and expected relationships are provided in table 2.  

 

IV. Results and Discussions 
A. Stationarity of variables 

 Table 3 is based on stationarity check for the variables. These are examined using 

Levin, Lin and Chu test. This concludes that all variables are integrated of order 1 or first 

difference. 
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Table 3: Panel Stationary Test 

Variables 
Test for Unit 

root in 
Include in 

test Statistics 

Levin, Lin 
& Chu test 

Stats. Prob. 

Real Gross  
Domestic Product 

Level 
Intercept 13.08 1.00 

Intercept & Trend 0.64 0.74 

1
st

 Difference Intercept -2.42 0.00 

Total  
Labor Force 

Level 
Intercept 0.35 0.63 

Intercept & Trend -1.67 0.04 

1
st

 Difference Intercept -3.52 0.00 

Real Gross Fixed  
Capital Formation 

Level 
Intercept 6.53 1.00 

Intercept & Trend -0.50 0.30 

1
st

 Difference Intercept 0.02 0.51 

Energy  
Consumption 

Level 
Intercept 3.79 0.99 

Intercept & Trend -0.06 0.47 

1
st

 Difference Intercept -6.38 0.00 

Real Government 
Expenditure 

Level 
Intercept 3.53 0.99 

Intercept & Trend -0.42 0.33 

1
st

 Difference Intercept -9.02 0.00 

GDP Deflator –  
Price Index 

Level 
Intercept 9.77 1.00 

Intercept & Trend -0.56 0.28 

1
st

 Difference Intercept -1.12 0.12 

Real Industrial 
 Sector Output 

Level 
Intercept 4.74 1.00 

Intercept & Trend 0.13 0.55 

1
st

 Difference Intercept -4.63 0.00 

 

B. Johansen Fisher Panel Co integration – Real GDP 

 In table 4, results are presented which differs from each other on the basis of 

agriculture sector output, industrial sector output and services sector output respectively. 

First column shows number of hypothesized co integrating equations, second and forth 

columns are about Fisher statistics that are calculated on the basis of trace statistics and 

maximum Eigen statistics. 3
rd

 and 5
th

 column shows the results of probability. Final 

results show that there exist long run relationship among the variables and having more 

than 6 co integrating vectors.  

 

Table 4: Johansen Fisher Panel Co integration Test 
Hypothesized No. 
of Co integrating 

Equations 
Fisher Stat.* 

(from trace test) Prob. 
Fisher Stat.* 

(from max-Eigen test) Prob. 

None 41.00 0.0000 41.00 0.0000 

At most 1 262.4 0.0000 141.4 0.0000 

At most 2 168.8 0.0000 102.0 0.0000 

At most 3 91.09 0.0000 54.89 0.0000 

At most 4 45.75 0.0000 29.62 0.0010 

At most 5 26.14 0.0036 23.67 0.0085 

At most 6 15.83 0.1045 15.83 0.1045 
* Probabilities are computed using asymptotic Chi-square distribution. 
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C. Real GDP – Long run Results 

 In the table 5, results are estimated using Fully Modified Ordinary Least Square 

method. Total labor force shows a positive effect on real GDP. The probability value is 

also 1 percent only therefore, it is highly statistically significant. The justification is very 

clear that an increase in total labor force exerts an upward pressure on real GDP. This 

direct effect is also due to participation rate. This means that not only total labor force is 

increasing but the participation rate is also increasing. When more proportion of total 

labor force is taking part in economic activities then automatically real GDP will 

increase. 

  

 Real Gross Fixed Capital Formation which can also be called as investment, has a 

direct relationship with real GDP and therefore estimated value shows a positive impact 

on real gross domestic product. This positive estimated value is highly significant at 1 

percent probability value. Theoretically, it is also clearly understood that higher capital 

formation means expansion of economic activity. Any expansion of economic activity in 

the form of investment will exert positive impression on Real GDP in many ways. 

Initially, any investment will increase the employment opportunities in economy which in 

turn increase the participation rate. On the other hand, it will increase the level of income 

of those who are already doing any job and ultimately their living standard will increase 

and consumption also increases which is an important component of GDP plus saving 

also tends to increase. When living standard of people increases, their efficiency of doing 

work also increase and in this way they will perform at their potential level and more and 

more economic activities will be generated. So it is clearly justified from theoretical 

background that an increase in real Gross Fixed Capital Formation will increase real 

GDP. 

 

 Industrial sector is considered as the backbone of economy because it is not only 

responsible to generate high job opportunities but also offers higher wages. Due to high 

wages more population will engage with this sector. Not only this sector is unique for 

higher wages but its production is also very important. Industrial outputs are in the form 

of fabrics, jewelry, cosmetics, infrastructural raw material, furniture, glass industry, etc. 

The calculated value of coefficient of real Industrial sector output is significant and its 

relationship is positive.  

 

 Real Government expenditure also shows a statistically significant positive impact 

on real GDP. As real Government expenditure is a component of real GDP therefore, any 

increase in former brings a definite increase in latter. Government expenditure seems to 

be appeared in two distinct forms, first as development expenditure and other as non 

development expenditure. The development expenditures are those which are used to 

increase any economic activity in the form of different projects such as dams, bridges, 

roads, etc. Non development expenditures are those which are required to run 

administration. Government has to face various such expenses that are directly related to 

the provision of different facilities to general public like free education, health, security, 

defense, Law and order facility, etc. Other than these expenses, Government also has to 

run services sector and it needs a lot of funds. Therefore, Government expenditure has a 

positive impact on real GDP only if the development expenditures are higher relative to 

non development expenses. 
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Table 5: Fully Modified Ordinary Least Square test Results 
Variables Coefficient Probability 

Total Labor Force 114.77 0.00 

Real Gross Fixed Capital 
Formation 

0.74 
0.00 

Real Industrial Sector 
Output 

3.02 
0.00 

Real Government 
Expenditure 

1.30 
0.00 

GDP Deflator -772659.5 0.95 

Energy Consumption 191398.8 0.01 

Constant 2000000000 0.26 

 

 GDP Deflator shows decreasing trend of inflation in favor of real gross domestic 

product as estimated value is negative but this value is insignificant at a higher degree. If 

we try to find out economic justification of negative effect of GDP Deflator on Real GDP 

then it is easy to clarify that a decreasing inflation means a decline in price level when 

price level tends to decrease then the purchasing power of the people increases. With this 

increasing purchasing power, household sector can increase its consumption. 

Consumption is a main contributor in GDP therefore; increasing consumption will also 

increase the GDP. So, this is how deflation can also contribute in the Real GDP of society 

and hence real GDP also increases. 

 

 The coefficient of energy consumption is not only positive but it is also significant. 

As Energy is universally used in each sector of society therefore higher the use of energy 

will increase the economic activity. If energy is highly consumed in productive purposes 

then it will exert a positive and upward pressure on various economic activities. As real 

GDP is an aggregate of economic activities therefore increasing economic activities will 

also pull real GDP upward. 

 

V. Concluding Remarks and Policy Implications 
 The level of industrial output is determined by the availability and efficient 

utilization of energy resources along with inputs of labor and capital. The significant role 

of the Energy Consumption in the production process leads researchers to indentify the 

relationship between energy consumption and Real GDP. The objective of the study is to 

examine the influence of Energy Consumption on Real GDP of South Asian Region. 

 

 The study uses Panel data of five South Asian countries like Bangladesh, India, 

Nepal, Pakistan and Sri Lanka and time period from 1990 – 91 to 2013 – 14. Variables 

are measured in common currency that is US dollars. Real type of variables is used 

having base year 2005. On the basis of data, stationarity of the variables is examined 

using Levin, Lu and Chu test. Stationarity of the variables conclude that all variables are 

integrated of order 1 or 1
st
 difference. Johansen Fisher Panel Co integration test is used to 

check long run relationships and number of co integrating equations. It confirms that 

there is more than six co integrating equation.  

 

 Results of the Fully Modified OLS suggest that Total Labor Force, Real Gross 

Fixed Capital Formation, Real Industrial Sector Output, Real Industrial sector output and 
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Energy Consumption are positively influencing Real GDP in South Asia while GDP 

Deflator is a cause of declining Real GDP of South Asian Countries.  

 

 On the basis of result, the study suggests some Policies that should be followed for 

sustainable economic development as follows; 

 

i. Coming towards the core and main variable that is Energy Consumption. It is 

really contributing positively for the South Asian countries. There should be 

proper utilization for attaining higher Real GDP in this region.  

ii. On the basis of government expenditure, there may be suggestion that 

governments should increase its expenditure on developmental activities.  

iii. There should be expansion in industrial sector, so that South Asian region may 

lead towards higher Real GDP. 

iv. Higher authorities should decline lending interest rate to motivate investment in 

South Asian Region to attain higher Real GDP. 
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