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ABSTRACT 

 

 

The issue of energy has come to the fore since the proliferation of studies on the effects 

of its consumption on the environment. A vast array of empirical evidence related to 

this issue has lent credence to the environmental Kuznets curve (EKC) that economic 

growth causes greater environmental degradation at the early stages but improves the 

environment at the final stages. Therefore, this study endeavours to investigate the 

effects of energy (electricity, gas and oil) consumption on sectorial output and CO2 

emission in Malaysia from 1990 to 2014. Panel data analysis methods (namely, Fully 

Modified Ordinary Least Square, Pooled Mean Group and Mean Group) are employed 

in this study. The results show that, in the long run, aggregate output hinges on energy 

consumption. In the short run, energy consumption does not contribute to any change 

in output. It is found that gas consumption can have an influence on output in the 

industrial and transportation sectors but oil and electricity consumption does not have 

any impact on all sectorial output in Malaysia. The findings show that the consumption 

of electricity, gas and oil can have detrimental effects on the environment in the long 

run. However, in the short run, only oil consumption can be hazardous to the 

environment. Oil consumption in the agricultural and transportation sectors has a 

significant effect on CO2 emission. Gas consumption in the transportation sector can 

also cause pollution albeit a little. Electricity consumption in the transportation sector 

has a favourable effect on the environment as it can reduce CO2 emission. The results 

show that increasing aggregate output can inflict pollution only in the long run. 

Enhancing output in the agricultural, transportation and industrial sectors does not 

trigger any environmental issue. Therefore, the consumption of non-renewable energy 

such as oil, gas and electricity should be reduced in order to conserve the environment. 
 
 

Keywords: energy consumption, sectorial, output, CO2 emission, panel data analysis 
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ABSTRAK 

 

 

Isu mengenai tenaga semakin mendapat perhatian semenjak terdapat percambahan 

kajian berkenaan kesan penggunaan tenaga terhadap alam sekitar. Banyak bukti 

empirik berkaitan dengan isu ini telah menyokong keluk persekitaran Kuznets (EKC) 

bahawa pertumbuhan ekonomi menyebabkan peningkatan kerosakan alam sekitar 

pada peringkat awal tetapi alam sekitar menjadi bertambah baik pada peringkat akhir. 

Oleh itu, kajian ini cuba mengkaji kesan penggunaan tenaga (penggunaan minyak, gas 

dan elektrik) ke atas output sektor dan pelepasan CO2 di Malaysia dari tahun 1990 

hingga 2014. Kaedah analisis data panel (iaitu Fully Modified Ordinary Least Square, 

Pooled Mean Group and Mean Group) digunakan dalam kajian ini. Dapatan kajian 

menunjukkan bahawa output agregat bergantung kepada penggunaan tenaga dalam 

jangka panjang. Dalam jangka pendek, penggunaan tenaga tidak menyumbang kepada 

sebarang perubahan dalam output. Penggunaan gas didapati mempengaruhi output 

sektor perindustrian dan sektor pengangkutan tetapi penggunaan minyak dan 

penggunaan elektrik tidak mempunyai sebarang kesan terhadap output dalam semua 

sektor di Malaysia.  Dapatan kajian juga menunjukkan bahawa penggunaan elektrik, 

gas dan minyak boleh membahayakan alam sekitar dalam jangka panjang. Walau 

bagaimanapun, hanya penggunaan minyak yang boleh membahayakan alam sekitar 

dalam jangka pendek.  Penggunaan minyak dalam sektor pertanian dan sektor 

pengangkutan boleh memberi kesan yang signifikan terhadap pelepasan CO2. 

Penggunaan gas dalam sektor pengangkutan juga menyebabkan pencemaran meskipun 

sedikit. Penggunaan elektrik di dalam sektor pengangkutan memberi kesan yang baik 

terhadap alam sekitar kerana ia dapat mengurangkan pelepasan CO2.  Dapatan kajian 

menunjukkan peningkatan output agregat menyebabkan pencemaran hanya dalam 

jangka masa panjang. Peningkatan output dalam sektor pertanian, pengangkutan dan 

perindustrian tidak akan mencetuskan sebarang isu alam sekitar. Justeru itu, 

penggunaan tenaga yang tidak boleh diperbaharui seperti minyak, gas dan elektrik 

perlu dikurangkan untuk memelihara alam sekitar.  

 

 

Kata kunci: penggunaan tenaga, output, sektor, pelepasan CO2, analisis data panel 
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CHAPTER ONE 

INTRODUCTION 

 

1.1 Background of Study 

The relationship between national output and energy consumption has attracted many 

researchers. This is because developing an economy highly requires energy and energy 

is the main factor of production in every country (Stern & Cleveland, 2004; Hou, 2009; 

Imran & Sidiqqui, 2010). Energy is consumed to generate various economic activities 

especially in industries, agriculture, and transportation.  Therefore, adequate energy 

supply is indispensable to ensure that national output can be increased. However the 

supply of energy is unpredictable as energy sources such as oil, gas and coal can be 

exhausted.  

 

The scarcity of energy is a great challenge to all countries in deciding how to manage 

the limited energy resources efficiently. Zaleski (2001) highlighted that although 

energy acts as a catalyst for a desirable change in the economy, its supply is uncertain. 

This is because the process of their formation takes billions of years. The rising 

demand for energy especially in developing countries which rely substantially on 

energy for development can be met by alternative energy sources. However, the 

alternative energy sources are costly for example the use of renewable energy. 

Therefore, the supply cannot meet the rising demand.  
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In Malaysia, several policies on energy consumption have been implemented to make 

sure the supply of energy is adequate in order to attain desirable economic performance 

with minimum adverse effect on the environment. However, these policies appear to 

be ineffective. This is because carbon dioxide (CO2) emission always increased in 

Malaysia (Ghadimzadeha et al., 2015).  Malaysia recognized that an appropriate 

energy policy is important to balance economic development and the environment 

conservation.  

 

Therefore, the Malaysian government has formulated and implemented various plans 

and programs. According to Mohamed and Teong (2004), the National Energy Policy 

that was introduced in 1979, National Depletion Policy (1980) and Fuel Diversification 

Policy (1981 & 1991) were designed in an effort to conserve energy resources for 

sustainable development. The Eighth Malaysian Plan has highlighted the energy policy 

especially the use of renewable energy to ensure that the environment can be 

preserved. In this plan, biomass was focussed and claimed as the fifth fuel in the 

Malaysia fuel diversification program (Yusoff & Kardooni, 2012). The government 

and energy producers have incorporated policies to ensure energy security and 

environmental sustainability.  

 

There are three objectives of Malaysia’s National Energy Policy, namely, to sustain 

energy supply and make sure that Malaysia can enjoy cost-effective energy supply, to 

promote efficient utilization of energy and eliminate wasteful and non-productive 

usage and to minimize negative impacts on the environment. According to Yatim, 

Mamat, Mohamad-Zailani and Ramlee (2016), the main focus of the policy was to 

ensure energy efficiency, security and environmental sustainability for future energy 
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supply and good practice on energy utilization. The first objective of this policy is to 

make sure that the sustainable energy could be attained by enhancing renewable 

energy. The next objective is to ensure that energy can be efficiently consumed, thus 

leading to less waste of energy. The last objective is to ensure environmental protection 

in energy consumption and production.  

 

The production and consumption of energy can be detrimental to the environment 

through air and water pollution. Energy comprises coal, oil, gas and electricity.  These 

types of energy can produce hazardous emissions, such as CO2 and carbon monoxide. 

Energy processing, such as burning, are harmful to our environment because it 

involves chemical reactions with oxygen in the air. These processes release CO2 in the 

air and thus affect the environment, ensuing global warming.  

 

The increasing level of CO2 emissions indispensably occur in newly industrialized 

countries. These countries consume more energy compared to industrialized countries.  

Therefore, it results in a reduction of snow and sea ice, raising the sea level which 

leads to coastal flooding. A warmer climate causes extinction of many animal species 

living on earth.  The increase in global temperatures also affects human as it triggers 

risks of health such as mental illness and cancers (Cover, 2010). 

 

1.1.1 Types of Energy 

According to Ahmed and Ahmed (2016), energy can be categorized into primary or 

secondary energy, commercial or non-commercial energy, and renewable or non-

renewable energy. Primary energy is the type of energy that is not converted into 

another form of energy. Examples of primary energy are oil, natural gas and coal. It is 



4 
 

found generally in nature and used to form secondary energy. Secondary energy is the 

primary energy that has been changed into better feature of energy for instance 

electricity. Commercial energy refers to the energy sources that can be found in the 

market at a definite price.   

 

Various types of commercial energy such as coal, oil, and natural gas have great 

economic value and are consumed for numerous economic activities such as 

transportation, services, agriculture, and industry. However, they leave deleterious 

effects on the environment. Non-commercial energy is traditional energy and it is not 

counted in energy evaluation. Examples of non-commercial energy are cow dung and 

firewood. Non-commercial energy is different from commercial energy as it is not 

available in the market for example cow dung, charcoal, firewood and agricultural 

waste.   

 

Renewable energy can be extracted from several sources. The supply of this energy 

can be sustained over a significantly long period of time. This can be used as an 

alternative energy for non-renewable energy. Renewable energy includes power 

obtained from wind, solar, nuclear, geothermal, tidal, and hydroelectric. Renewable 

energy is good for the environment as it causes least pollution compared to other types 

of energy. The consumption of renewable energy has been widely discussed, as it is 

eco-friendly and produces a low level of carbon emission (Panwar, Kaushik, & 

Kothari, 2011). Nonrenewable energy is produced from fossil fuels such as coal, crude 

oil, natural gas and uranium. This type of energy may produce carbon that is harmful 

to the environment.  
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1.1.2 Energy Mix in Malaysia 

The oil crisis which occurred in 1970s had caused negative impacts on the Malaysian 

economy, therefore, the country has reduced oil consumption (Manan, Baharuddin & 

Chang, 2015) and moved towards energy diversification. This was to ensure that the 

country was not highly dependent on oil. Table 1.1 shows electricity generation mix 

in Malaysia from 1994 to 2013. The table suggests that Malaysia was highly dependent 

on gas from 1994 to 2013 in electricity generation. The use of natural gas exhibited a 

steady increase and became the main energy source now.   

 

Hence, oil source started to be reduced and it exhibited a steady decrease from 1994 

to 2013 as seen in Table 1.1.  The increase in energy demand for various economic 

activities has motivated the government to expand its energy mix. Solar and hydro 

energy are the most convenient and environment-friendly energy and are the best 

alternative sources of energy. 

 

Table 1.1 

Electricity Generation Mix in Gigawatt Hour (GWh) 1994 – 2013 

Year Hydro Gas Coal Oil Diesel Others Total 

1994 6483 17491 4081 8756 988 - 37799 

1999 7552 45988 4522 4220 747 - 63029 

2004 5573 61363 22627 1130 729 - 91422 

2009 6890 63370 37644 1041 685 132 109762 

2013 11799 71174 53663 1571 1741 1318 141266 

Sources: Malaysia Energy Statistic Handbook, 2015 

 

1.1.3 Energy Demand by Various Economic Sectors in Malaysia 

Malaysia consumes a large amount of energy in order to keep pace with the 

development of various economic sectors, such as industrial, agricultural, 
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transportation, and services. Energy consumption is perceived to be inextricably 

connected with economic growth (Shahiduzzaman & Alam, 2012).  

 

Table 1.2 

Energy Demand by Various Sectors (ktoe) 

Year Final Energy Demand by Sectors (ktoe) 

 Industrial Transport Agriculture Non-Energy Residential and 

Commercial 

2005 15492 15384 101 2173 5134 

2006 15248 14825 253 2809 5429 

2007 16454 15717 281 2958 6196 

2008 16205 16395 287 2876 6205 

2009 14312 16119 211 3868 6336 

2010 12928 16828 1074 3696 6951 

2011 12100 17070 916 6377 6993 

2012 13919 19757 1053 7494 7065 

2013 13496 22357 1051 7277 7403 

2014 13162 24327 1045 6217 7458 

Source: Malaysian Energy Information Hub, 2014 

             

Table 1.2 shows the final energy demand in kiloton of oil equivalent (ktoe) by various 

sectors in Malaysia from 2005 to 2014. The energy demand in the industrial sector has 

been declining while the energy demand in the transport and agriculture sectors has 

been increasing.  This is because Malaysia slipped into recession in 2009 and this 

caused the industrial sector to move slowly. Furthermore, the share of the sector in the 

Malaysia’s GDP has declined as the country moved to the service sector (see Table 

1.1) 

 

In 2007, the energy demand in the industrial sector was the highest. It dropped by 

15.4% from 2007 to 2012 and this allowed the transportation sector to surpass it. After 

the economic crisis in 2008, energy demand in the transportation sector has become 

the highest. In 2009, the agricultural, industrial, and transportation sectors exhibited a 

decrease in the demand for final energy. The agricultural sector contributed the least 
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share of energy demand among the sectors. Energy demand in the non-energy sector 

has been increasing except for 2008 and 2010. 

 

Table 1.3 shows the various types of energy that are used by sectors in Malaysia. 

Numerous types of energy including coal were used in the industrial sector. However, 

coal was not used in other sectors such as transportation sector and agricultural sector. 

The agricultural sector was highly dependent on two types of energy, namely, 

electricity and oil.  Electricity was mostly used in the commercial and public services 

sector.  Oil was mostly used in the transportation and industrial sectors.  

 

Figure 1.1 shows the gross domestic product (GDP) breakdown by sector in 2014. The 

figure exhibits that service sector contributed the largest share (42%) to Malaysia’s 

GDP. Electricity is predominantly used in the service sector. The industrial sector 

captured the second largest share of GDP with 31%. This sector required various types 

of energy such as oil, gas, electricity and coal. Among the various types of energy, 

electricity makes the largest contribution to the industrial sector. The transport sector 

contributed the lowest share of GDP (8%).  

 

Based on all the tables and figure, it can be learnt that the industrial sector, which 

accounts for the second largest share of total GDP, consumes the second largest 

amount of total energy in Malaysia. The agricultural sector, which contributes the 

second smallest share of total GDP, consumes the smallest amount of total energy in 

Malaysia. It is obvious that energy is not only important in economic growth as a whole 

but it is also important in every economic sector. Therefore, the larger the amount of 

energy is consumed, the higher the output is produced. 
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Table 1.3 

The Use of Primary Energy Sources in Various Sectors (2014) 

Various  

Sectors 

Coal 

(kt) 

Electricity 

(GWh) 

Natural 

Gas (TJ) 

Oil (1000 

tonnes) 

Renewable and 

Waste (GWh) 

Industry 2711 63205 226506 1477 n/a 

Transport n/a 256 12840 20998 317 

Residential n/a 27284 47 595 25702 

Commercial and 

Public Services 
n/a 41473 1023 822 n/a 

Agriculture n/a 419 n/a 975 n/a 

Non-Energy Use n/a n/a 208037 1059 n/a 

Source: International Energy Agency, 2014 

 

 

Figure 1.1 

Gross Domestic Product (GDP) by Sector 2014 

Source: Department of Statistics, Malaysia, 2014 

 

 

1.1.4 Energy Consumption and Environmental Effect 

Energy consumption is inextricably connected with environmental issues (Jalil & 

Mahmud, 2009). Our environment can be affected by the production or consumption 

of energy.  Pursuing sustainable economic growth and protecting natural environment 

pose a great challenge to any country. Table 1.4 shows the coal, oil and natural gas 

9%

31%
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42%
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Agriculture,
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Industries
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Information and
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consumptions in Malaysia from 2005 to 2013. The trend shows that the consumption 

of all energy sources has increased over the years.  

 

Malaysia consumed the largest amount of natural gas in 2010. Natural gas is the 

cleanest fossil fuel that alleviates the effects of pollution and conserves the 

environment compared to other energy sources such as coal and oil. Oil and coal 

sources produce a higher level of hazardous emissions such as CO2 and sulphur 

dioxide. Natural gas produces relatively less CO2 compared to oil and coal (about 29% 

and 44% respectively). Table 1.4 shows that gas consumption has increased from 2005 

to 2012 with the exception of 2009 and 2011.  

 

Coal is an important source of energy in Malaysia, especially in the production of 

electricity. Table 1.4 exhibits an increasing trend in coal consumption in Malaysia. 

The highest consumption of coal was recorded in 2011. Emission of harmful 

substances such as CO2, sulphur dioxide, and mercury can occur because of coal 

burning and the acidic water can flow out of abandoned underground mines.  

 

Table 1.4 

Energy Source in Malaysia from 2005 to 2013 

Year Oil % Gas % Coal % 

2005 522 (n/a) 914 (n/a) 12049 (n/a) 

2006 534 2.30 940 2.84 12269 1.83 

2007 574 7.49 997 6.06 15861 29.28 

2008 568 -1.05 1131 13.44 16101 1.51 

2009 611 7.57 1100 -2.74 18600 15.52 

2010 631 3.27 1145 4.09 25222 35.60 

2011 675 6.97 1081 -5.59 28662 13.64 

2012 670 -0.74 1115 3.15 27468 -4.17 

2013 680 1.49 1125 0.90 28160 2.52 

Source: World Bank, 2015 

 



10 
 

It is undeniable that oil plays an important role in the transportation sector. Table 1.4 

shows that oil consumption has continuously increased during the period (2005-2013) 

except for 2008 and 2012. In 2008, oil consumption decreased from 574 to 568 

thousand barrels per day while in 2012, it decreased from 675 to 670 thousand barrels 

per day. The drop in oil consumption was due to the oil price increase.  The largest 

volume of oil consumption (680 thousand barrels per day) was recorded in 2013. 

Malaysia consumed the lowest amount of crude oil in 2005 with 522 thousand barrels 

per day.  

 

Table 1.5 

CO2 Emission by Different Sectors of Malaysia from 2006 to 2013 

Source: World Bank, 2015 

 

Table 1.5 shows the share of CO2 emission from various sectors from 2006 to 2013. 

There are electricity and heat production sector, transportation sector, manufacturing 

industries and construction sector, buildings and commercial and public services 

sector, and agricultural sector. The electricity and heat production sector contributed 

the most of CO2 emission in every year and thus suggested that the sector is most 

harmful to the environment in Malaysia.  

Sector Year 

 2006 2007 2008 2009 2010 2011 2012 2013 

Residential 

buildings and 

commercial and 

public services 

(%) 

2.79 3.38 2.85 2.94 2.95 2.67 2.29 2.18 

Electricity and 

heat production 

(%) 

49.61 48.83 51.46 54.53 56.52 58.17 56.86 54.90 

Manufacturing 

industries and 

construction (%) 

23.62 24.56 22.85 17.57 16.16 15.02 16.69 14.04 

Agriculture (%) 0.49 0.46 0.44 0.34 1.72 1.45 1.65 1.52 

Transport (%) 23.49 22.76 22.41 24.61 22.65 22.69 22.51 27.36 
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Electricity generation involves fossil fuel combustion which can be the main source of 

greenhouse gas emissions. The agricultural sector accounted for the smallest share of 

CO2 emission in Malaysia over the period. However, it exhibited a steady increase 

from 2006 to 2013. It indicated that the sector is least harmful to the environment. The 

share of CO2 emission from the residential buildings and commercial, and public 

services sector continued to decrease from 2009 to 2013.  

 

1.1.5 Energy Consumption, Economic Growth and CO2 Emission 

The exhibition of the same trend in CO2 emission and energy consumption in Malaysia 

have attracted this current study to explore the effects of energy consumption and 

economic growth on CO2 emission. This situation seems to suggest that the 

environment is inextricably related to energy consumption in Malaysia. Table 1.6 

shows the trend in energy use, economic growth and CO2 emission in Malaysia. 

Energy consumption in Malaysia was recorded at 2580.514 kt of oil equivalent per 

capita in 2005 and decreased by 1.19% in 2005. In the following years, energy use 

shows a steady rise until 2008. CO2 emission was recorded at 174486.9 kt in 2005 and 

plummeted by -3.89% in the next year.  

 

In 2007, CO2 emission revived and was recorded at 184816.8 kt. The trend in economic 

growth in Malaysia was uncertain from 2005 to 2013.  In 2005, economic growth in 

Malaysia was 5.33%, and increased to 5.9% in 2006. Economic growth escalated and 

reached 6.3% in 2007 and dropped to 4.83% in 2008. However, in 2009, energy use, 

CO2 emission and economic growth showed the same decreasing trend. In this year, 

Malaysia slip into recession, economic activities were slow and the use of energy was 
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reduced as well as CO2 emission. The years after the recession, on the other hand 

showed that energy use, CO2 emission and economic growth rose again.  

 

Table 1.6 

Energy Consumption, CO2 Emission, and GDP Growth in Malaysia, 2005-2013 

Year Indicator 

 Energy use (kg 

of oil equivalent 

per capita) 

Percentage 

(%) 

CO2 

Emissions 

(kt) 

Percentage 

(%) 

GDP 

growth 

(%) 

2005 2580.514 n/a 174486.9 n/a 5.33 

2006 2549.698 -1.19 167702.9 -3.89 5.58 

2007 2742.5 7.56 184816.8 10.20 6.3 

2008 2818.864 2.78 204031.9 10.40 4.83 

2009 2637.675 -6.43 198802.7 -2.56 -1.51 

2010 2648.531 0.41 218476.2 9.90 7.43 

2011 2717.4 2.60 220405 0.88 5.19 

2012 2724.224 0.25 218707.2 -0.77 5.47 

2013 3019.819 10.85 236510.5 8.14 4.71 

Source: World Bank, 2015 

 

1.1.6 Energy Policy 

There are several energy policies that have been implemented in Malaysia. For 

example the National Depletion Policy introduced in 1980, The Four-fuel Energy 

Policy implemented in 1981 and The Five Fuel Diversification which was established 

in 1991 (Mohamed & Teong, 2004). The policies aimed to ensure that Malaysia has 

adequate energy to generate economic activities, hence Malaysia diversified the 

energy sources and was not dependent on oil production alone. The National Depletion 

Policy focussed on alternative energy use in order to control and reduce the 

consumption of oil. Therefore, oil has been reduced from 8756 GWh in 1994 to 1571 

GWh in 2013 (Malaysia Energy Statistic Handbook, 2015).   
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In Malaysia, the energy mix strategy based on the Four-fuel Energy Policy was 

implemented. This strategy was adopted following the international oil crisis in 1973. 

This strategy aimed to balance the energy consumption and production in Malaysia as 

well as to ensure the conservation and sustainability of energy. The Malaysian Fuel 

Diversification policy aims to balance the energy resource and maintain security and 

sustainability.  

 

The diversification of energy is called the energy mix, containing the various sources 

of energy for example hydro, coal, oil and natural gas. The multiple sources of energy 

are the key for Malaysia to meet higher energy requirement in the future and to protect 

the environment. The increasing trend in economic development requires more energy 

consumption; therefore, policies on energy consumption remain complex as policy 

makers have to consider both economic growth and the environment.   

 

The Five-fuel Diversification Policy was to ensure sustainable energy use and 

protection of the environment from greenhouse gas (GHG) emissions. This policy 

attempted to incorporate renewable energy that is not harmful to the environment as 

the fifth fuel. This program aimed to generate electricity from hydroelectric sources, 

which reached 5% in 2005. Renewable energy in Malaysia is still sparsely used and 

the government has formulated several policies to encourage its use. In 2000, the 

Eighth Malaysian Plan replaced the Four-fuel Diversification Policy with the Five-fuel 

Diversification Policy (Abdul & Lee, 2004). 
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1.2 Research Problem 

Energy consumption has been argued to be a determinant of national output. Hence, 

energy is as important as other factors of national output such as labour and capital. 

Several studies suggested that energy consumption can influence national output 

(Apergis & Danuletiu, 2012; Adhikari & Chen, 2012; Odularu & Okonkwo, 2009; 

etc.). Cassim, Akinboade, Niedermeier, Sibanda and Jackson (2004) stated that energy 

is used for economic development as it generates economic activities. Ozturk, Aslan, 

and Kalyoncu (2010) found that in upper and lower-middle income countries, energy 

consumption is the determinant of national output. Thus, a rise in energy can expand 

the economy. Ighodaro (2010) used several types of energy sources such as oil and 

electricity as the proxy of energy and determined which energy will influence national 

output. It was found that national output hinges on several sources of energy. 

Therefore, exhaustion or reduction of any type of energy can disrupt national output.  

 

Although energy consumption is important, it can be detrimental to the environment. 

The environmental problem emerges when a country consumes more energy. This is 

because the use of more energy can produce more CO2 emission and thus affect the air 

quality. According to a report released by the Malaysian Department of Environment 

(2010), CO2 emissions contribute the largest share of the greenhouse effects and 

subsequently, cause global warming. Humans can be exposed to many risks such as 

cancers and mental illness. Climate change can also threaten the economy. Agriculture 

and tourism will be affected by climate change.  

 

Therefore, these issues have attracted many researchers to study it in order to find 

solutions. Several studies have documented the effects of energy consumption on the 
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environment such as Farhani and Rejeb (2012), Dritsaki and Dritsaki (2014), and 

Menyah and Wolde-Rufael (2010). Jalil and Mahmud (2009) acknowledged that the 

environmental sustainability cannot be attained as excessive energy is used. Lin and 

Lin (2011) stated that energy consumption, which contributes to national output, also 

contributes to the environmental degradation. If national output increases with less 

CO2 emission, then increasing national output is good as it can create green technology 

and energy efficiency.  

 

Previous studies have also mentioned the importance of energy in the economy (Stern 

1993, 2000; Shahiduzzaman & Alam, 2012; Peng & Sun, 2010). Nevertheless, its 

consumption can create environmental problems as it can produce CO2 emissions. 

Therefore, a policy to reduce energy consumption as well as CO2 emission should be 

formulated with much attention on both economic development and the environment. 

Wei, Yaoguo and Xia (2009) found that coal and other low-quality energy 

consumption should be limited in order to preserve the environment as their 

consumption can have deleterious effects on the environment. Therefore, the 

consumption of energy should be reduced to conserve the environment. However, this 

reduction can pose damaging effects on national output.  

 

According to Belke, Dobnik and Dreger (2011), policies to reduce energy are complex 

if the results show that national output hinges on energy. In addition, Begum, Sohag, 

Abdullah and Jaafar (2015) stated that increasing more energy to enhance national 

output can have an unfavourable effect on the environment as it can cause CO2 

emission to escalate. Ighodaro and Ovenseri-Ogbomo (2008) stated that energy 
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conservation policies can be formulated if energy consumption has no effect on the 

economy.  

 

The expansion of economy can usually have undesirable effects on the environment 

especially in less developed countries where people in those countries are more 

concerned about national income rather than the environment. Nevertheless, it is not 

necessary to have aggravating environmental degradation as national output 

intensifies. In most developed countries, people are more concerned about the 

environment. The government imposes strict environmental regulations on firms, 

causing them to move their plants to less developed countries.  

 

In addition, green technology is also used in developed countries. Thus, national output 

can reduce environmental degradation. Apergis and Ozturk (2015) stated that at the 

beginning, as per capita income is on the rise, the environmental problems worsen and 

subsequently it starts to decrease as income per-capita increases. Jebli, Yousef and 

Ozturk (2016) supported that the increasing consumption of renewable energy can 

reduce pollution. Therefore, national output can intensify without increasing 

environmental degradation. 

 

As mentioned in the background of the study, Malaysia is aware of the environment 

and several policies have been enacted in series such as the National Energy Policy, 

Four Fuel Energy Policy and Energy Diversification Policy. These policies are to 

ensure that Malaysia can increase national output and conserve the environment in 

tandem. However, these policies seem to be ineffective as CO2 emission is always on 

the rise. The factor that contributes to the inexorable increase in CO2 emission in 
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Malaysia is still not clear. Therefore, it is crucial to highlight factors, namely, energy 

consumption and economic sectors in this study.  

 

Numerous studies such as Maddison and Rehdanz (2008), Azomahou, Laisney and 

Van (2006), Stolyarova (2009) as well as Azlina, Law and Mustapha (2014) have 

examined the linkage among energy consumption, national output and CO2 emission. 

However, the findings of the studies are mixed. A few studies were interested in 

investigating the impacts of sectorial energy on CO2 emission such as Norlaila and 

Khalid (2013) who explored the impacts of Malaysian industrial energy use on CO2 

emission. However, their study highlighted the contribution of economic sectors to 

emissions only in a single year. In addition, the study did not explore the long-run 

effects of energy and economic sectors on emission.  

 

Apart from that the study did not consider many years as Malaysian energy policies 

have been formulated since 1980. The study also did not explore which sector is 

reducing emissions and which sector is increasingly or decreasingly dependent on 

energy sources. In addition, Shaari, Razak and Basri (2017) investigated both short- 

and long-runs effects of energy consumption in various sectors but the study did not 

divide energy into several types of energy such as oil, gas and electricity.  If those 

problems are not explored, we might not be able to formulate the right policies to 

reduce the sectorial energy type that increases emission. Therefore, this current study 

is important to fill the gap and is better at shedding light on energy policies.  

 

In Malaysia, the transportation sector is the largest energy consumer compared to other 

sectors in 2012 (Malaysian Energy Information Hub, 2014). If there is a reduction in 
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energy consumption, it can hinder the transportation sector in Malaysia, thus 

disrupting the national output. The industrial sector is an important sector in Malaysian 

gross domestic product (Department of Statistics, Malaysia, 2014). This sector relies 

on various types of energy sources (International Energy Agency, 2014). Any 

reduction in energy consumption definitely affects this sector and thus can dampen the 

economy as this sector makes up the second largest share of gross domestic product.  

 

The agricultural sector consumes relatively less amount of energy (Malaysian Energy 

Information Hub, 2014), but it is still an important sector as it contributes to large 

employment especially in rural areas (Istikoma, Qurat-ul-Ain, & Dahlan, 2015).  In 

addition, Malaysia still needs this sector for food security and supply of essential food 

as it is still not self-sufficient. Therefore, all of these sectors are indispensable for the 

economy. Sufficient energy consumption is important to ensure that Malaysia can be 

developed by the year 2020. 

 

However, the transportation, industrial and agriculture sectors, which consume oil, 

gas, and coal can generate pollution (International Energy Agency, 2014). These 

sectors also emit CO2. Therefore, this current study will consider sectorial energy and 

CO2 emission for a long period so that it will be clear to reduce energy source from 

which sector if the energy source can be detrimental to the environment without 

affecting the sectorial output. Careful formulation of policies is important to ensure 

that Malaysia can achieve economic sustainability and environmental improvement. 

 

In summary, this study attempts to investigate the effects of energy consumption on 

economic sectors encompassing agriculture, transportation and industry. Energy 
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consumption will be split into several energy types, particularly, oil, gas and 

electricity. Besides, this study also embarks on an investigation into the effects of those 

energy types and those economic sectors on CO2 emission in Malaysia. 

 

1.3 Research Questions 

i) To what extent is output dependent on energy consumption in the short and 

long runs? 

ii) To what extent is CO2 emission dependent on output in the short and long runs?  

iii) To what extent is CO2 emission dependent on energy sources? 

 

1.4 Research Objectives 

The general objective of this study is to examine the effects of energy consumption on 

output. 

 

The specific objectives: 

i) To investigate the effects of energy consumption on output in the short and 

long runs. 

ii) To explore the effects of energy on CO2 emission in the short and long runs. 

iii) To examine the impacts of output on CO2 emission in the short and long runs. 

 

1.5 Significance of the Study 

This study can contribute to the literature in energy consumption and its effects on the 

economy; it becomes crucial to address the policy issue that has been proposed by 

previous studies. This study is to propose policies on energy consumption and the 
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methods employed by them. Therefore, this study aims to shed light on the effects of 

energy consumption on sectorial output and the environment in Malaysia. 

 

Previous studies proposed several energy policies. However, their studies are still 

lacking as they focus more on economic growth rather than sectorial output. Therefore, 

this research aims to fill the gap in research by assessing the impact of sectorial energy 

on output and the environment in Malaysia. 

 

This study represents an attempt to examine the linkage among several types of energy 

consumption (oil, gas and electricity), sectorial output (industrial, transportation, and 

agriculture) and CO2 emission in Malaysia. This study will help government formulate 

policies on energy consumption since it may harm the environment. Energy consumed 

in various economic sectors can produce carbon emission which can affect the 

environment and human health. It is also important to understand which sectorial 

output produces the largest environmental pollution.  

 

Based on the results, the government will be able to focus on appropriate energy 

consumption for various economic sectors. Therefore, economic growth and 

environment can be balanced to ensure sustainable development in the country.  Apart 

from that, this study will also fill the gap by focussing on sectorial output and sectorial 

CO2 emission. It is crucial to ascertain the effects of sectorial energy on sectorial output 

and emission as we can only reduce energy types in certain sectors without reducing 

total energy in all sectors.  

 

 



21 
 

1.6      Scope of the Study 

This study will focus on the Malaysia’s economy.  The annual data from 1990 to 2014 

will be obtained for oil consumption, gas consumption and electricity consumption, 

which are the proxy for energy consumption. The period from 1990 to 2014 is selected 

because of the availability of the data. These three energy types are selected on grounds 

of their contribution to Malaysia’s economic sectors.  Most of the economic sectors in 

Malaysia hinge on those three types of energy. The annual data is sufficient as this 

study employs panel data analysis and annual data is better as it can respond to the 

government policies on the environment. The sectorial outputs, particularly 

agriculture, industrial and transportation sectors will be explored. These three sectors 

will be addressed in this study on account of their intriguing patterns of energy 

consumption in Malaysia. The industrial sector was the largest energy consumer in 

2007. Somehow, after the year, the transportation sector has surpassed the industrial 

sector in energy consumption. Despite the fact that the agricultural sector consumes 

the smallest share of total energy, its inevitable contribution to CO2 emission should 

also be taken into account so that we can discover whether or not the smallest consumer 

of energy can exacerbate environmental degradation.  Lastly, data on CO2 emission in 

those sectors are also collected. The data is explained in chapter 3.  

 

1.7 Organization of the Study 

The remainder of this thesis is organised as follows. The theoretical framework which 

explains the theory of production and the EKC will be discussed in the following 

chapter. Besides, the previous studies on the relationship between energy consumption 

and national output will be critically reviewed based on several perspectives (the 



22 
 

effects of energy consumption on national output, as well as the effects of energy 

consumption and national output on the environment). 

 

Chapter 3 underlines the methodology that will be used in this study. The model 

specifications based on two functions, namely, the Cobb-Douglas production function 

and the EKC function will be described in that chapter. Apart from that, the panel unit 

root, panel co-integration, panel estimations based on FMOLS, PMG and MG are also 

discussed. 

 

With the methodology used, the findings are obtained and discussed based on the 

objectives of this study (to investigate the effects of energy consumption on output in 

the short and long runs, to explore the effects of energy on CO2 emission in the short 

and long runs, and to examine the impacts of output on CO2 emission in the short and 

long runs). In addition, the findings are also discussed in respect of several sectorial 

classifications: industrial output, transportation output, and agricultural output.   

 

Chapter 5 concerns the recapitalisation of findings, policy implication, limitation of 

the study, and future study. The recapitalisation of findings is discussed based on the 

previous four chapters. The policy implication explains several policies that the 

government should consider to cushion the negative effects of energy consumption. 

Despite the fact that this study achieves the objectives, there are also several limitations 

in conducting this study and thus several suggestions are also included in the final 

chapter.  
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Introduction 

Chapter two intends to bring the discussion pertaining to relevant literature on energy 

consumption and national output. It is organised in two parts. The first presents the 

underpinning theory of the present study, namely the theory of production and 

Environmental Kuznets Curve (EKC). The second part presents a review of previous 

findings from relevant studies in which the relationship between energy consumption 

and national output, and the effects of energy consumption on environment are 

discussed. In particular, the review tries to illuminate the gap in the body of literature 

that paves to the objectives of this study. 

 

2.2 Theoretical Framework 

Scholars have long argued on the importance of maintaining the quality of the 

environment while achieving successful economic growth. With that intention, several 

theories are being proposed. Naming a few, the theory of production and the 

Environmental Kuznets Curve (EKC) are among the profound theories that prevail 

when the economic growth and environment are being argued. The theory of 

production shows the relationship between input and output and the EKC indicates the 

relationship between per-capita income and output. These theories can serve as the 

building block for the present study. Thus, in the succeeding sections, these theories 

are elaborated and given thought. 
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2.2.1 Theory of Production 

Production refers to the process of transforming inputs into outputs. Inputs are factors 

of production which include land, capital, entrepreneur, and labour. Outputs refer to 

finished goods such as computers, cars, and services.  The theory of production 

describes the decision of firms on how many outputs that can be produced and sold, 

and the best combination of inputs that firms need to employ to produce outputs. In 

order to describe the relationship between inputs and outputs, economists use a tool 

known as the production function. A simple production function which focuses on 

only two inputs can be written as follows: 

 

𝑄 = 𝐹(𝐾, 𝐿), 𝐹𝐾 > 0, 𝐹𝐿 > 0, 𝐹𝐾𝐾 < 0, 𝐹𝐿𝐿 < 0, 𝐹𝐾𝐿 > 0    

 

where Q is the amount of output, K is the amount of capital and L is the amount of 

labour. The symbol 𝐹𝐾 > 0 (𝐹𝐿 > 0) indicates that the marginal product of capital 

(labour) is positive. The symbol 𝐹𝐾𝐾 < 0 (𝐹𝐿𝐿< 0) indicates that there is a diminishing 

marginal product with respect to capital and labour, respectively. Finally, the symbol 

𝐹𝐾𝐿 > 0 indicates that adding capital (labour) increases the marginal product of labour 

(capital). 

 

In empirical work, there is a need to employ a specific form of production function. 

One of the most frequently employed forms is known as the Cobb-Douglas production 

function, which was named after its originators, Charles Cobb and Paul Douglas (Cobb 

& Douglas, 1928).  Basically, this production function can be specified as follows: 

 

𝑄 = 𝐾𝛼𝐿𝛽                  (2.1)   
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where 𝛼 and 𝛽 are the labour and capital elasticity of output respectively. Consistent 

with the assumption of the general production function, each of  𝛼 and 𝛽 is assumed 

to be a positive fraction: 0 < 𝛼, 𝛽 < 1. Furthermore, it is assumed that the sum of 𝛼 and 

𝛽 can be either greater than, equal to, or less than unity. If 𝛼 + 𝛽 is greater than one 

(less than one), then the production function is said to exhibit increasing return scale 

(decreasing return to scale). Finally, if 𝛼 + 𝛽 is equal to one, then the production 

function is said to exhibit a constant return to scale. 

 

2.2.2 Environmental Kuznets Curve (EKC) 

The Kuznets curve was introduced by Kuznets (1955) to see the relationship between 

unequal distribution of income and economic development in a country.  It measures 

the economic development on the horizontal axis and unequal distribution of income 

on the vertical axis. Per capita income is usually used as a proxy of economic 

development. According to Kuznets, the inverted U-shaped curve depicts a common 

phenomenon in developing an economy. This is because at the early stages, the gap 

between high-income groups and low-income groups is small as the economy is 

dependent on the agricultural sector. However, when economic development has 

become better, moving towards the industrial sector, the gap grows larger. At the final 

stages, the large gap will become smaller as economic growth is still on the rise.  

 

The Kuznets curve was then expanded by Grossman and Krueger (1995), which 

adapted the curve to see the relationship per-capita income and the environment. The 

EKC portrays the relationship between per-capita income and environmental 

degradation. The relationship can be depicted as an inverse U-shaped curve (see Figure 

3.1). Grossman and Krueger (1995) believed that, at the early stage of economic 
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development, a rise in per capita income can contribute to greater environmental 

degradation. However, at the second stage, a steady increase in per capita income can 

reduce environmental degradation. 

 

At the early stage, the per capita income increases and it suggests that people are more 

interested in enhancing outputs, obtaining jobs and earning money without having 

adequate awareness of the effects of their economic activities on the environment.  

This situation usually transpires in middle-income countries as economic prosperity 

comes first. They are apathetic about their environment. Therefore, the positive 

relationship between environmental degradation and per capita income is exhibited. 

 

After the turning point, the negative relationship between per capita income and 

environmental degradation can be observed. It implies that the country starts having 

an alleviating environmental degradation without causing any disruption to economic 

activities. This is due to the policy of striking a balance between economic growth and 

the environment. When income rises, the country tends to have policies and regulations 

to ensure that the environmental degradation can be alleviated and the pollution level 

can be reduced. It shows that people have a higher awareness of the environmental 

value. Thus, the country starts to manage their environment efficiently. 
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Figure 2.1 

Environmental Kuznets Curve (EKC) for Environment Condition View 

Sources: Kuznets, 1955 

 

This EKC can be explained using the econometric equation. The equation is as follows: 
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E is environmental degradation, Q represents per capita income, F is country-specific 

effects, k represents a linear time trend, i represents country and t is year. Suppose that 

δ > 1 and φ < 1, it means that we can have an inverted U-shaped EKC. An increase in 

per capita income can cause environmental degradation to increase at the early stages, 

however, at the final stages, a continuous increase in per capita income can reduce 

environmental degradation. If δ < 1 and φ > 1, it means that we can have a U-shaped 

EKC. An increase in per capita income can cause environmental degradation to 

decrease at the early stages. At the final stages, a steady increase in per capita income 

can exacerbate environmental degradation.  
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2.3 Empirical Studies  

For decades, studies on energy consumption, economic growth, CO2 emission and 

relevant variables have proliferated across the globe, signifying the increased interest 

among economic analysts and researchers. This topic has fuelled many debates in the 

literature, hence fortifies the body of knowledge that in turn could benefit the 

humankind. Thus far, most studies touched on the linkage between energy 

consumption and economic variables such as GDP, industrial output, and 

manufacturing.  

 

In a parallel development, as the topic of environment sustainability is becoming a 

raised concern among global citizens, the debate on the extent that the national output 

affects the quality of life is ubiquitous. Nevertheless, studies that could provide sound 

information on the extent to which the economic sector jeopardises the environment 

are still sparse. Due to deterioration of the air quality that we are living in now, the 

concerns on the emission of CO2 due to the economic activity has become an 

interesting topic. Thus, there is an alarming need for additional knowledge about the 

current issues that could be informed by research. 

 

2.3.1 Energy Consumption and National Output 

The debate pertaining to the association between energy consumption and national 

output has long been addressed by energy analysts and economists all over the 

countries (see Kraft & Kraft, 1978; Stern, 1993, 2000; Ghali & El-Sakka; 2004; Peng 

& Sun, 2010; Shahiduzzaman & Alam, 2012). Exemplifying such studies are the ones 

conducted in the United States by Kraft and Kraft (1978), Stern (1993, 2000) and Ghali 
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and El-Sakka (2004) using different analyses; namely the co-integration analysis, 

Vector Error Correction Model (VECM) and Vector Auto-regression (VAR).  

 

Kraft and Kraft (1978) first investigated the connection between energy input and GNP 

in the United States in the period 1947 to 1974. Based on the Sims causality test, the 

findings showed that a rise in GNP causes energy consumption to rise simultaneously. 

However, GNP does not include all outputs produced within the country, as it does not 

consider output produced by foreign labour. Instead, it includes all output produced by 

the country’s citizens regardless of where they are.  

 

The lacking premise in the work of Kraft and Kraft (1978) has paved Stern (1993) to 

explore the connection between GDP and energy consumption in the United States in 

the period 1947-1994. Employing the VAR model and treating labour and capital as 

other factors of national output, the preliminary results showed that any change in 

energy consumption does not affect GDP. However, when energy consumption was 

adjusted for changing fuel composition, the results indicated that energy consumption 

affects GDP.  

 

Seven years later, employing the Johansen co-integration method, Stern (2000) 

extended his previous study by exploring the connection between national output and 

energy consumption using GDP as the proxy for national output in the same period (ie 

from 1947 to 1994). The study achieved similar results to his previous findings. In the 

same demeanour, Shahiduzzaman and Alam (2012) also assessed the linkage between 

national output and energy consumption for the Australian country in the period 1960-

2009. They used labour and capital as other factors of national output. The study, 
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which used Johansen and Toda-Yamamoto causality tests analysis, found that energy 

consumption is as important as capital and labour in determining real GDP. 

 

Meanwhile, in China, Peng and Sun (2010) explored the consumption of energy and 

its effects on economy allowing for structural breaks within the period of 1953-2007, 

employing Johansen co-integration approach. Focusing on demand and production 

sides, they advocated that there is a connection between national output and energy 

consumption. When the VECM was used, the findings showed that total energy 

consumption has an influence on GDP in the short run. Therefore, energy reservation 

can be detrimental to national output in China.  Zhang, Li, Zhou, and Mu (2011) 

explored the efficiency of energy consumption in national output in China within 

1980-2006.  Using a method known as the Logarithmic Mean Divisia Index (LMDI), 

the study found a support for the importance of energy consumption in output. 

 

Cheng (1999) investigated the connection between national output and energy 

consumption in India within 1970-1990 and the analysis was based on the co-

integration, ECM and Granger causality. The study found that national output can 

influence energy consumption without feedback. 

 

Several studies found a mutual connection between national output and energy 

consumption such as Lise and Montfort (2007), and Paul and Bhattacharya (2004). 

Lise and Montfort (2007) assessed the connection between GDP and energy 

consumption in Turkey within 1970-2003. The co-integration and Granger causality 

tests were performed and the findings showed that energy consumption can change 

GDP with feedback in Turkey. Paul and Bhattacharya (2004) examined the association 
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between national output and energy consumption in India within 1950-1996. The 

analysis was based on the co-integration and Granger causality and the study found 

that energy consumption can affect national output with feedback in India. 

 

Belke et al. (2011) explored the connection between national output and energy 

consumption. The study considered the panel data from 25 OECD countries using the 

data from 1981 to 2007 and included energy prices in the model. The analysis was 

based on panel Johansen co-integration, dynamic ordinary least squares (DOLS) and 

panel Granger causality. The findings indicated that energy consumption can affect 

national output with feedback in 25 OECD countries. Apart from that, there is a mutual 

connection between energy price and energy demand. 

 

Besides interests on the relationship between energy consumption and national output, 

it is noted that these studies have different interest on the types of energy (oil, biomass, 

gas, and electricity). For instance, the work by Ighodaro (2010) who examined the 

linkage between national output and several types of energy and in Nigeria using the 

data from 1970 to 2005. Employing the Johansen co-integration, he found that the long 

run linkages between oil, gas, biomass and electricity consumptions and national 

output do exist. When the Granger causality test was employed, the results indicated 

that national output is dependent on gas consumption, electricity consumption, and oil 

consumption. Interestingly, however, only oil consumption is affected by national 

output. 

 

While, Shaari, Hussain and Ismail (2012) explored the linkage between national output 

and energy consumption in Malaysia from 1980 to 2010. Using the same analysis 
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approach, namely, the Johansen co-integration and Granger causality test, but adding 

another type of energy source which is coal, the findings revealed that national output 

is not affected by oil and coal consumption and vice versa. In particular, they found 

that national output can influence electricity consumption without feedback and 

national output cannot influence coal consumption with feedback. 

 

Whereas in Pakistan, a group of researchers, Qazi, Ahmed and Mudassar (2012), 

examined the linkage between the industrial outputs and disaggregate energy type 

within 1972-2010. The analysis was based on the Johansen co-integration method. The 

results showed that gas consumption has no connection with the industrial output. The 

results also explained that oil consumption can affect the industrial output with 

feedback and electricity consumption can affect the industrial output without feedback. 

Besides, the industrial output can have an impact on coal consumption, and gas 

consumption does not affect industrial output. 

 

All of the studies mentioned above only focused on the linkage between national 

output and aggregate energy consumption. While some of them used GDP as a proxy 

for national output and other studies used GNP. However, most of the previous studies 

did not highlight the sectorial outputs such as industrial, agriculture and transportation 

sectors although these sectors consume energy with different patterns. Among the 

studies that highlighted the sectorial outputs, it is noted that most of them did so for 

the industrial sector (as this sector is highly dependent on energy) at the expense of 

other sectors such as the agricultural. 
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Several studies explored the relationship between a single type of energy and output 

(Yazdan & Hossein, 2012; Hodges, Stevens & Rahmani, 2010; Adom, 2011). Based 

on the review of relevant literature, energy consumption can be divided into several 

energy types such as oil consumption, gas consumption, coal consumption and etc. 

Some previous studies focused on only a single type of energy consumption, for 

example oil, gas, biomass, electricity and coal, as a proxy for energy to explore the 

relationship between energy consumption and output. 

 

2.3.1.1 Oil Consumption  

Several previous studies have been carried out to assess the association between 

national output and oil consumption employing various approaches. For example, 

Yazdan and Hossein (2012) and Kasgeri, Etesami and Chemazketi (2014) explored the 

connection between GDP and oil consumption in Iran within 1980 to 2010 as it is well 

known that the Iranian economy relies substantially on oil production. Using 

techniques such as co-integration, ECM and Granger causality, both of the studies 

indicated that there is a significant connection between national output and oil 

consumption in which an intensification of national output can increase oil 

consumption temporarily and vice versa.  Nevertheless, the relationship was found in 

the short run only. 

 

The results of the above studies are slightly different from those of the study conducted 

by Aktas and Yilmaz (2008) in Turkey, who explored the linkage between GNP and 

oil consumption. Using the same approach and the data for the period 1970-2004, the 

study found that there is a mutual relationship between GNP and oil consumption in 

the long as well as the short run. Therefore, a rise in oil consumption can contribute to 
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national output and national output also can increase the consumption of oil. The 

difference of the results was due to the different economic conditions. 

 

The existence of the relationship between oil consumption and GDP was also 

examined by Zikovic and Dizdarevic (2011) in European countries. The study used 

the ECM approach and the data from 1980 to 2007 for developed countries and 1993 

to 2007 for developing countries. The results showed that, for the developed countries 

category, only Austria show a relationship between oil consumption and national 

output while other countries, show relationship between GDP and oil consumption. In 

developing countries, the results are mixed. 

 

The linkage between national output and oil consumption has also been explored by 

Olusegan (2007) in Nigeria. The study used the Ordinary Least Squares (OLS) method 

and the data on crude oil consumption, export and GDP from 1970 to 2005. The study 

found that crude oil consumption and export can contribute to national output in 

Nigeria. 

 

Lin and Xie (2013) extended the investigation of the relationship between oil 

consumption and national output by including oil price and labour productivity in the 

automobile industry. The study analyzed the data in China from 1980 to 2010 using 

the Johansen co-integration technique and ECM. The study found that the relationship 

among the variables used such as energy consumption, GDP, labour productivity in 

the automobile industry and oil price exist in the long run. Hence, GDP, labour 

productivity and oil price can determine oil consumption. 
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Naser (2011) investigated the connection between national output and oil consumption 

in emerging and industrialized countries using the data from 1965 to 2010. The 

analysis was based on the Toda and Yamamoto tests and the study indicated the 

existence of various directional relationships between national output and oil 

consumption. The findings showed that GDP does influence oil demand in France, 

China and South Korea, while GDP is dependent on oil consumption in Japan. A 

unidirectional connection, moving from GDP to oil consumption, was found in France, 

China, South Korea, Japan, Canada, USA and India. Apart from that, the causal 

relationship running from oil consumption to GDP does not exist in Canada and 

Russia. But in the USA and India, bidirectional relationship does exist. 

 

Several studies investigated the correlation between oil consumption and sectorial 

outputs as oil consumption also plays an important role in several economic sectors. 

This statement has been supported by Bedi-uz-Zaman, Farooq, and Ullah (2011), 

Mushtaq, Abbas, Abedullah, and Ghafoor (2007) and Leung (2009). Bedi-uz-Zaman 

et al. (2011) explored the sectorial oil consumption in Pakistan using data from 1972 

to 2008. The Johansen co-integration, VAR model, ECM and Granger causality tests 

were performed to achieve the objective. The findings showed that there are positive 

effects of oil consumption on four major sectors in Pakistan such as transportation, 

power generation and industry. However, there are negative effects of oil consumption 

on minor sectors such as household, government and agriculture. There is a one 

direction of the relationship which is moving from GDP, the transportation sector and 

industrial sector to the power sector. 
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However, the previous studies discussed above did not explore the effects of sectorial 

oil consumption on sectorial output. In addition, presumably, to some extent, there 

might be some differences, in how each type of energy source influences the national 

output or in how each type of energy source influences different sector. In other words, 

there is a gap in the body of knowledge pertaining to the influence of different source 

of energy consumption on sectorial output. This gap signifies the need to embark on 

further study. 

 

2.3.1.2 Biomass Consumption  

There has been a great deal of international interest in understanding how biomass 

consumption relate to national output. For example, this question has been addressed 

by Hodges et al. (2010) in Florida, Yildirim, Sarac and Aslan (2012) in the United 

States and Zhao (2014) in China, on top of efforts done by numerous scholars by 

comparing the data on groups of countries (see for example Operinde, 2010; Bildirici 

and Ozaksoy, 2013). These scholars used different approaches in determining the 

relationship between biomass consumption and national output. For instance, Hodges 

et al. (2010) used the Input-Output/Social Accounting Matrix approach to evaluate the 

potential effects of biomass consumption on national output in Florida in 2007. They 

found that a rise in biomass consumption can result in an increase in GDP, employment 

and the state government revenue in Florida. 

 

With similar objective but different approaches, Zhao (2014) focused his study on 

agricultural, in particular, the biomass consumption in farmers’ income in China for 

the period 1996 to 2007. Using the grey model comprising the grey correlation analysis 

approach, grey prediction method, grey statistics and evaluation method, the study 
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found the presence of a positive relationship between biomass consumption and 

farmers’ income in China. The study concluded that farmers could benefit from 

escalated biomass consumption. 

 

Yildirim et al. (2012) examined the connection between biomass consumption and 

national output in the United States. The time period was divided into three spans: 

1949-2010 and 1960 -2010. The study employed the Toda-Yamamoto procedure and 

Bootstrap-corrected causality tests and found that only biomass waste derived from 

energy consumption can affect national output. 

 

Bildirici and Ozaksoy (2013) attempted to ascertain the association between biomass 

consumption and national output in 10 countries from 1960 to 2010. The study 

performed the ARDL and VECM tests and the findings were divided into three 

directional relationships. Firstly, biomass consumption affects national output was 

found in Austria and Turkey. Secondly, national output affects biomass consumption 

was discovered in Hungary and Poland. Finally, biomass consumption affects national 

output with feedback in France, Spain and Sweden. 

 

Operinde (2010) explored the existence of environmental Kuznets curve (EKC) in 132 

countries, considering biomass consumption instead of total energy consumption.  The 

study employed the OLS method to analyse the data from 1971 to 2004. The results 

revealed that income per capita can have a negative effect on biomass consumption 

but a positive effect on the health status. 
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2.3.1.3 Electricity Consumption  

Previous studies showed various findings concerning the directional relationship 

between electricity consumption and national output. Some results showed that higher 

national output requires more electricity consumption. For example, Adom (2011) 

investigated the connection between economic enhancement and the need of electricity 

in Ghana in the period 1971 to 2008.  The analysis was based on the Toda-Yomamoto 

causality test and the results showed that national output can increase the need of 

energy in Ghana. Therefore, higher national output can prompt an increase in 

electricity consumption. 

 

Ciarreta and Zarraga (2010) examined the linear and nonlinear relationship between 

national output and the consumption of electricity for the country of Spain for the 

period 1971-2005. With the same method used by Adom (2011), the study found the 

existence of a linear connection moving from national output to the consumption of 

electricity and no existence of nonlinear connection moving from electricity 

consumption to national output.  

 

Pemptzoglou (2014) also examined the linear relationship between electricity 

consumption in various sectors and national output in Turkey. The study was based on 

the data from 1945 to 2006 and the linear Granger causality test was performed. The 

findings indicated that national output is dependent on electricity consumption in the 

residential and commercial sector, and electricity consumption in the industrial and 

other sectors are dependent on national output. 
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Several studies explored the linkage between electricity consumption and sectorial 

output. For example, Wang, Mu, Kang, Song and Ning (2010) analyzed the 

determinants of electricity consumption in the industrial sector in China within 1998-

2007. The study was based on the Logarithmic Mean Divisia Index and found that the 

manufacturing of raw chemical material and products, the manufacturing of non-metal 

mineral products, the smelting and pressing of ferrous and non-ferrous metals, and the 

production and supply of electric power and heat power are the determinants of 

electricity consumption among industrial subsectors in China. 

 

Masuduzzaman (2012) investigated the linkage between national output and electricity 

consumption in Bangladesh to formulate policies on electricity consumption. The data 

from 1981 to 2011 were collected and the results from the Johansen co-integration test 

showed that the elasticity of electricity consumption is higher in the long run than in 

the short run. Therefore, an increase in electricity consumption can trigger higher 

national output in the long run rather than in the short run. Apart from that, an increase 

in electricity consumption can enhance national output and the quality of life. 

 

Atif and Siddiqi (2010) assess the connection between electricity consumption and 

national output in Pakistan within 1971-2010. The Engle-Granger co-integration, 

standard Granger causality, and Modified Wald test were performed and the findings 

showed that electricity consumption is an important determinant of national output. 

Javid, Javid, and Azwan (2013) also pinpointed the linkage between national output 

and electricity consumption in Pakistan within 1971-2008. The study employed the 

Engel-Granger co-integration and VECM approaches and found the same results in 
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which electricity consumption can influence national output but national output cannot 

influence electricity consumption. 

 

Qazi et al. (2012) explored the connection between electricity consumption and output 

in Pakistan but the study focused on the industrial output over the period 1972 to 2010. 

Using the Engle-Granger co-integration and Toda-Yamamoto Granger causality, the 

study found the unidirectional causality running from electricity consumption to 

industrial output. 

 

Chouaibi and Abdessalem (2011) investigated the connection between electricity 

consumption and national output in Tunisia during the period 1971 to 2007. The 

analysis was based on the Granger causality and the findings suggested that the 

relationship between electricity consumption and national output does exist in the long 

run. However, there is a relationship running only from electricity consumption to 

national output in the short run. Akinwale, Jesuleye, and Siyanbola (2013) also 

examined the relationship between electricity consumption and national output in 

Nigeria using the data period 1970 to 2005. The analysis was based on the VAR and 

ECM methods and it was reported that a rise in electricity consumption can help develop 

economies in the future. 

 

Several studies found a bidirectional relationship between electricity consumption and 

national output. For example, Aytac and Guran (2011) examined the relationship 

between national output and energy consumption as well as energy price in Turkey 

using the data for the period 1984 to 2007. The analysis was based on the VAR 

approach and the results indicated that electricity consumption can affect national 
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output and vice versa. It is also noted that national output can influence the price of 

electricity.  

 

Bayar and Ozel (2014) examined the relationship between electricity consumption and 

national output in emerging economies using the panel data from 1970 to 2011. The 

analysis was based on the panel Johansen co-integration, FMOLS, DOLS and panel 

Granger causality and the results revealed the existence of a bidirectional relationship 

between national output and electricity consumption in the short run and long run. 

 

Nyamdash and Denny (2010) examined the relationship between national output and 

electricity consumption at the aggregate and disaggregate levels; i.e. residential, 

commercial or industrial electricity consumption in Ireland for the period 1960 to 

2007. The VECM test was performed and the results showed that national output can 

affect electricity consumption at disaggregate level with feedback, and at the aggregate 

level without feedback. 

 

Muhammad and Abdul (2013) investigated the relationship between national output 

and electricity consumption as well as the real price of electricity and the underlying 

energy demand trend (UEDT) at the aggregate and sectorial levels, namely, the 

residential, commercial, industrial, and agricultural sectors in Pakistan for the period 

1972 to 2010. The analysis was based on the Structural Time Series Technique 

(STSM) and ARDL and the results showed that electricity consumption shows an 

upward slope in the commercial, agricultural and residential sectors in Pakistan. 
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Bildirici, Bakirtas and Kayikci (2012) explored the causal relationship between 

national output and electricity consumption using data on the price and income 

elasticity of total electricity consumption and industrial demand in several countries 

such as the United Kingdom, the United States, China and South Africa from 1978 to 

2010. The study applied the ARDL approach and the results showed that there is a 

directional relationship moving from electricity consumption to real GDP in the United 

States, China, Canada and Brazil. However, the results were different for other 

countries, as it was found that there is a unidirectional relationship moving from GDP 

to energy consumption. The findings also showed that the industrial sector is 

dependent on electricity consumption. Therefore, an increase in the industrial sector 

can cause electricity consumption to escalate. Apart from that, the opposite directional 

and bidirectional relationship were also confirmed in some countries. 

 

Squalli and Wilson (2006) investigated the relationship between income and electricity 

consumption in six Gulf Cooperation Council (GCC) countries using data from 1980 

to 2003. The study employed the ARDL based on the unrestricted ECM, Modified 

Wald test based on Toda and Yamamoto and non-causality approaches.  The results 

revealed that income affects electricity consumption positively and electricity 

consumption affects income negatively in Bahrain and KSA. In Kuwait and Oman, 

however, income was found to have a positive effect on electricity consumption 

without feedback. Other than that, there is a positive effect of income on electricity 

consumption with positive feedback in Qatar but there is no significant relationship in 

UAE. 
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However, there is limited literature that examines the linkage between sectorial output 

and electricity consumption. The one found thus far, is the attempt to relate 

manufacturing and services sectors with electricity consumption. Exemplifying this is 

the work done by Tang and Shahbaz (2013) who examined the linkage between 

sectorial output and electricity consumption in Pakistan using the data for the period 

1972-2010. The analysis was based on the Johansen co-integration and the study found 

that the manufacturing and services sectors are dependent on the use of electricity. 

Nevertheless, there is no connection between output and electricity consumption found 

in the agricultural sector. 

 

Besides, Atakhanova and Howie (2007) examined the dependency of the sectorial 

output on the electricity in Kazakhstan for the period 1999-2003. The study also 

included data on population and the real electricity price. The Generalized Method of 

Moment (GMM) was applied to both the aggregate and sectorial models. The findings 

showed that the price elasticity of demand is low in all sectors, implying that electricity 

demand is relatively insensitive to the price change. It is also found that the income 

elasticity of demand is low in all sectors, indicating that electricity demand is relatively 

insensitive to the business cycles. 

 

2.3.1.4 Gas Consumption  

A few studies found that natural gas consumption is related to national output. For 

instance, Shahbaz, Chandran and Pervaiz (2011) examined the relationship between 

the two variables and other control variables such as capital and labour in Pakistan 

from 1972 to 2009.  The ARDL bound test was performed and the results showed that 

there is a positive effect of gas consumption on national output. Shahbaz, Lean and 
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Farooq (2012) extended the study by including real export with a premise that it plays 

an important role in determining production. The data from 1972 to 2010 were 

analyzed by using the ARDL bound test and the results showed that the natural gas 

consumption is connected with the national output. 

 

Shahbaz, Farhani and Rahman (2013) used the Cobb-Douglas production function to 

underline their study in France. Their study included export, capital and labour in the 

factor of production and examined the connection between national output and gas 

consumption within 1970-2010. The ARDL bounds test was employed and the results 

showed the existence of a relationship between national output and gas consumption 

in the long run. In addition, the VECM-based causality test was performed to see the 

directional relationship and the findings showed that gas consumption does affect 

national output without feedback. 

 

2.3.1.5 Coal Consumption  

A few previous studies found that there is no connection between economic 

development and coal consumption. For example, Ocal, Ozturk and Aslan (2013) 

examined the relationship between economic enhancement and the consumption of 

coal in Turkey within the period 1980-2006. The analysis was based on the asymmetric 

causality test and the findings indicated that national output does not affect coal 

consumption and coal consumption also does not affect national output. 

 

Kumar and Shahbaz (2010) also investigated the relationship between coal 

consumption and national output in Pakistan using the data period from 1971 to 2009. 
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The study employed the ARDL bounds test and the results indicated that coal 

consumption can generate income.  

 

Satti, Hassan, Mahmood and Shahbaz (2014) also investigated the relationship 

between coal consumption and national output in Pakistan using different data period 

(1974 to 2010). The study extended the previous analysis by using other determinants 

of national output and coal consumption such as unemployment, urbanization, fiscal 

deficit and real services value added. The VECM causality test was also conducted 

and the results revealed that there is a relationship between coal consumption and 

national output. 

 

Bloch, Rafiq and Salim (2011) investigated the relationship between coal consumption 

and income in China using both supply-side and demand-side framework during the 

period 1966 to 2002. The co-integration and VECM were conducted and the study 

found that there is a unidirectional causality running from coal consumption to output 

in the short and long run in China. Therefore, an increase in coal consumption can 

cause the national output to increase. 

 

Nasiru (2012) also examined the relationship between national output and coal 

consumption for the Nigerian country for the period 1980-2010. The two-step-

residual-based approach to co-integration and Granger causality tests were conducted 

and the findings revealed that there is one direction of the relationship from national 

output to coal consumption. Therefore, an expansion of the economy in Nigeria can 

increase coal consumption. 
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Apart from that, Shahbaz and Dube (2012) included capital and labour as the 

controlled variables and examined the relationship between national output and coal 

consumption in Pakistan within the period 1972-2009. The VECM causality test was 

employed and the findings suggested that there is a bidirectional connection between 

national output and coal consumption in Pakistan. 

 

There were mixed results found by Li and Li (2011) who examined the relationship 

between coal consumption and national output in China and India using the data from 

1965 to 2006.  The study employed the co-integration and Granger causality 

approaches and the results revealed that national output does Granger-cause coal 

consumption without feedback in China but coal consumption does Granger-cause 

national output in India without feedback. Therefore, policies to conserve coal can be 

formulated in China as it does not give any impact to national output but the policies 

can be a stumbling block to achieving sustainable development in India.  

 

Tian and Cul (2013) examined the relationship between coal consumption and national 

output in China using the data ranging from 1978 to 2010. The Johansen co-integration 

and Granger causality tests were conducted and the study supported the finding that 

coal consumption does not Granger-cause national output in China. 

 

In addressing the issue of energy consumption, the role of FDI in enhancing the 

economy and at the same time require more energy has been increasingly mooted by 

several studies. For example, Omri and Kahouli (2014) extended the previous studies 

by investigating the relationship among FDI, energy consumption and national output 

in 65 countries for the period 1990–2011. The panel dynamic simultaneous-equation 
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model was employed based on the conventional growth model framework and the 

findings showed that there is a mutual connection between energy consumption and 

national output, economic enhancement and FDI in low income groups.  

 

Other than that, FDI can affect energy consumption without feedback in middle-

income countries and energy consumption can affect FDI without feedback in low-

income countries. For the full sample of countries, the findings confirmed that there is 

a bi-directional causal relationship between national output and energy consumption, 

and between national output and FDI inflows, and there is a uni-directional causal 

relationship running from FDI to energy consumption. A bi-directional causal 

relationship between FDI inflows and national output was also found in the four sub-

samples of countries. 

 

Nasreen and Anwer (2014) examined the dynamic relationship among energy 

consumption, national output and trade openness in 15 Asian countries, the area of the 

world's largest economies, using the panel data for the period 1980 to 2011. The panel 

Johansen co-integration, FMOLS and DOLS estimation were employed and the 

findings confirmed that an increase in energy consumption can cause the economy to 

burgeon. In addition, the results from the panel Granger causality tests indicated that 

there is a bidirectional relationship between energy consumption and national output, 

and a bidirectional relationship between trade openness and energy consumption. 

 

The population is also an important variable in addressing the issue of energy 

consumption. Hence Shaari, Rahim, and Rashid (2013) explored the existence of a 

linkage among energy consumption, national output and population in Malaysia within 
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1991-2011. The Johansen co-integration was employed to examine the long-run 

relationship and the results indicated that there is an interconnection among 

population, national output and energy consumption in Malaysia. The Granger 

causality was then performed and the findings showed that population can contribute 

to higher energy consumption and subsequently energy consumption can boost 

national output in Malaysia. 

 

All the studies aforementioned investigated the relationship between coal consumption 

and national output or certain sectorial output. However, they did not investigate and 

provide the relationship between coal consumption and environmental degradation. In 

the attainment of sustainable development, environmental degradation must be taken 

into account since coal consumption can be deleterious to the environment. 

 

2.3.2 Energy Consumption and Environment 

National output and environmental quality have become a current topic for policy 

makers to debate. Some argued that national output will lead to environmental 

degradation while others said that environmental problems can be mitigated by having 

more rapid national output. Numerous researchers were interested in studying the 

relationships among energy consumption, national output and CO2 emission in various 

countries (Maddison & Rehdanz, 2008; Azomahou et al., 2006; Stolyarova, 2009). 

However, their results were mixed and remained complex for policy formulation. 

 

Azomahou et al. (2006) investigated the relationship between national output and 

environmental degradation based on EKC in 100 countries using the data from 1960 

to 1996. The non-parametric panel data analysis was performed and the results showed 
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that GDP per capita can influence CO2 emission. The findings were supported by 

Stolyrova (2009) who also examined the relationship between CO2 emission and 

national output in 93 countries for the period 1960-2008. The dynamic panel data and 

within models were also estimated and the results showed that national output can have 

a deleterious effect on the environment. 

 

The investigation of the association between national output and environmental 

degradation has also been conducted in more than 100 countries by Maddison and 

Rehdanz (2008) using the data from 1990 to 2005. The panel co-integration and panel 

homogeneous and heterogeneous non-causality tests were conducted and the results 

showed that the significant relationship between national output and environmental 

problems is dependent on the sub-group of countries. In several countries, such as the 

Asian countries, no relationship was found between national output and environmental 

degradation. 

 

Apergis and Payne (2010) examined the relationship among energy consumption, 

national output and CO2 emissions using the data in 11 Commonwealth of Independent 

States (CIS) countries from 1992 to 2004. The study employed the panel VECM and 

the results showed that most of the countries rely on several energy sources such as 

oil, coal, and natural gas. Therefore, it remains a challenge for policy makers to reduce 

CO2 emissions in the countries. Energy consumption can be harmful to the 

environment in the long run as it can exacerbate CO2 emissions and CO2 emissions 

will escalate owing to higher national output. 
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Asici (2011) investigated the relationship between national output and the 

environmental degradation using the panel data of 213 countries from 1970 to 2008. 

The data on the environmental degradation (which was measured by pressure on 

nature, net forest depletion and CO2 emission) and income per capita was analyzed 

using the fixed effects model and the results indicated that an increase in income per 

capita can have an adverse effect on the environment. The findings also suggested that 

high-income countries will increase CO2 emission and pressure of forests more slowly 

compared to the middle-income countries. 

 

Li, Dong, Li, Xiang and Yang (2011) investigated the same relationship in collective 

30 provinces in China covering the period from 1985 to 2007. The analysis was based 

on the panel co-integration method and the findings indicated that there is a positive 

relationship between real GDP per capita and energy consumption in the long term. 

Therefore, a rise in real GDP per capita can engender larger energy consumption and 

higher CO2 emission in China. 

 

Silva, Soares and Pinho (2012) attempted to examine the effects of increasing 

dependency on renewable energy sources and national output on CO2 emission in 

several countries (namely, the United States, Portugal, Spain and Denmark) for the 

period 1960 to 2004. The structural VAR model was employed and the findings 

revealed that intensifying RES can have a bad impact on national output but reduce 

CO2 emission. Therefore, it is necessary to formulate environmental policies to ensure 

sustainable development in those countries.  

 

http://www.sciencedirect.com/science/article/pii/S235248471500013X#br000235
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Cherniwchan (2012) investigated the effects of the industrial output on environmental 

degradation using the panel data of 157 countries from 1970 to 2000. The panel co-

integration was employed and the results showed that an increase in the industrial 

output can worsen environmental degradation. 

 

Farhani and Rejeb (2012) examined the linkage among energy consumption, national 

output and environmental degradation in 15 Middle East and North Africa (MENA) 

countries and the data from 1973 to 2008 were used. Using the panel co-integration 

approach. The results showed that there is a relationship among energy consumption, 

national output and environmental degradation. Energy consumption can affect 

national output and environmental degradation but without any feedback for both 

variables in the short run. The study also employed the individual and panel test of 

OLS, FMOLS, and DOLS and the results indicated that national output hinges on 

energy consumption. 

 

Dritsaki and Dritsaki (2014) investigated the causal relationship between energy 

consumption, national output and CO2 emissions in Southern Europe, namely, Greece, 

Spain, and Portugal for the period 1960 to 2009. The panel co-integration, FMOLS, 

DOLS and panel causality tests were applied and the findings showed that there is an 

existence of a long-run relationship between the three variables. The results from 

FMOLS and DOLS tests showed that an increase in energy consumption can result in 

a rise in CO2 emissions in the countries. For the individual test of OLS and DOLS, the 

results confirmed the existence of a strong positive relationship between energy 

consumption and national output in Greece and Spain. Based on the causality test, 
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there is a bidirectional relationship among energy consumption, national output and 

CO2 emissions in the short run. 

 

Several studies were conducted based on a single nation instead of many countries. 

For example, Chebbi and Boujelbene (2008) explored the relationship among national 

output, energy consumption and CO2 emission in Tunisia from 1971 to 2004. The 

Johansen co-integration and VECM tests were performed and the results showed that 

there is a long-run relationship among those variables. However, the results for the 

short run suggested that an increase in national output can result in higher demand for 

energy.  

 

Bozkurt and Akan (2014) also examined the relationship among energy consumption, 

national output and CO2 emission in Turkey covering the period from 1960 to 2010. 

The same methods were employed and the study found that energy consumption can 

affect national output positively, while CO2 emission can affect national output 

negatively. Therefore, policies to have more effective and efficient energy 

consumption are necessary to be formulated. 

 

In Bangladesh, Alam and Huylenbroeck (2011) examined the connection between 

national output and environmental degradation in Bangladesh from 1972 to 2006.  The 

study employed the ARDL and VECM approaches, and the results supported that 

Bangladesh is a country dependent on energy whereby a shock in energy consumption 

can have a negative effect on national output and thus affecting the environmental 

quality in Bangladesh.  
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Amin, Ferdous and Porna (2012) also examined the relationship between the two 

variables in Bangladesh using the data from 1976 to 2007. The Johansen co-integration 

approach was employed and the results showed a significant long-run relationship 

between national output and environmental degradation. The Granger causality test 

was then conducted for the examination of the directional relationship and the results 

indicated that national output can affect energy consumption as well as CO2 emissions 

without feedback. 

 

Menyah and Wolde-Rufael (2010) and Alkhathlan, Alam, and Javid (2012) employed 

the ARDL approach in their studies in the United States and Saudi Arabia, 

respectively. Menyah and Wolde-Rufael (2010) examined the relationship among 

renewable and nuclear energy consumption, CO2 emission and national output using 

the data from 1960 to 2007. Using the modified version of the Granger causality test, 

the results showed that there is a unidirectional relationship moving from nuclear 

energy consumption to environmental degradation and there is no relationship moving 

from renewable energy consumption to environmental degradation. Apart from that, it 

was also found that nuclear energy consumption can reduce environmental 

degradation. 

 

Alkhathlan et al. (2012) investigated the short-run and long-run relationships among 

CO2 emissions, energy consumption and national output in Saudi Arabia over the 

period 1980 to 2008. Using the ARDL and VECM approaches, the empirical results 

showed that there is an existence of a long-run relationship between energy 

consumption and national output. The results from the Granger causality test also 

showed that national output does not Granger-cause CO2 emission. In light of this 
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result as well as the fact that Saudi Arabia is the largest oil exporter and producer in 

the world and, at the same time, the 14th largest producer of CO2 emission in the world, 

the policy for energy consumption is proposed for the Saudi Arabia case. 

 

Zhang and Cheng (2009) examined the relationship among energy consumption 

national output and CO2 emissions in China using the time series data from 1971 to 

2007. The study employed the Johansen co-integration and VAR Granger causality 

approaches and the findings showed that CO2 emission affects energy consumption 

positively but CO2 emission affects GDP negatively. Therefore, an increase in energy 

consumption can increase CO2 emission and national output. 

 

Tiwari (2011) investigated the relationship between energy consumption, national 

output and CO2 emissions in India over the period 1971 to 2005. The causality test 

based on VECM analysis was employed and the results showed that there is no 

relationship running from energy consumption to national output. However, CO2 

emission was found to have a negative effect on national output in India. 

 

Most previous studies focused on total energy consumption rather than energy 

consumption in various sectors. However, Shaari et al. (2017) extended the previous 

studies by investigating the effects of energy use in the agricultural, industrial and 

transportation sectors on CO2 emission from 1990-2014. The study employed a panel 

data analysis consisting of Fully Modified Ordinary Least Squares (FMOLS), 

Dynamic Ordinary Least Squares (DOLS), Pooled Mean Group (PMG) and Mean 

Group (MG). The results show that output can reduce CO2 emission in the long run 

but not in the short run. Energy consumption was found to have an effect on CO2 
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emission in the long run. In the short run, energy consumption in the transportation 

and industrial sectors was found to have an effect on CO2 emission. 

 

Pao and Tsai (2010) added FDI as the factor of environmental degradation and used 

VECM and fixed effect model to examine the effects of national output on 

environment degradation in multiple countries (namely, Brazil, Russian Federation, 

India, and China) over the period 1992-2007 and found that there are four bidirectional 

relationships between CO2 emissions and FDI, CO2 emissions and output, energy 

consumption and FDI, and energy consumption and output in the short run. In the long 

run, FDI can affect CO2 emissions with feedback but there is a unidirectional 

relationship moving from energy consumption to real output.  

 

Using the same variables, Hassaballa (2014) conducted a similar study on 23 

developing countries based on the data from 1971 to 2010 and the results showed that 

the relationship between FDI inflows and emissions does exist in both the short and 

long run. Similarly, Hitam and Borhan (2012) investigated the relationship between 

FDI and environmental degradation in Malaysia over the period 1965 to 2010. Using 

the Johansen co-integration approach, the study supported the finding that an increase 

in FDI can cause CO2 emission to escalate. 

 

Next, Lee (2013) investigated the contributions of FDI to clean energy use, carbon 

emission and national output in 19 nations of the G20 over the period 1971-2009. 

Using the panel co-integration test and fixed effect model, the results showed that FDI 

limits the impact of CO2 emissions. The elements that have been found to limit the 
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impact of CO2 emissions include using energy efficiently, developing renewable 

energy and introducing new technologies to reduce carbon energy. 

 

Ren, Yuan, Ma and Chen (2014) conducted a study to examine the interaction between 

FDI, international trade and CO2 emissions in China using the data from 2000 to 2010. 

The study applied the input-output analysis and the GMM-based regression model and 

found that the increase in CO2 emission is rooted in higher trade surplus and larger 

FDI inflows. The results also suggested that an increase in the industrial income per 

capita can intensify CO2 emission in China. Therefore, the country must control FDI 

inflows and trade surplus in order to curb an increase in environmental degradation. 

 

The previous studies have investigated the effects of energy consumption on national 

output and some of them included its effect on the environment quality. However 

different countries produced different results, and thus different policies should be 

formulated. If energy consumption was found not to influence national output but 

influences the environment, thus energy consumption should be reduced. However, 

the formulation of energy can be better if we look into sectorial output and sectorial 

CO2 emission. This will reduce only certain types of energy consumption in certain 

sectors. Therefore, it can post minimal effects on the environmental problem. 

 

2.4 Summary and Remarks 

Throughout the review, it is noted that numerous studies have already examined the 

relationship between energy consumption and national output and that some of them 

included CO2 emission in their studies while some did not. Even though, there are a 

few studies that revealed the effect of manufacturing and transportation sector on CO2 



57 
 

emission, they did not, however, focus on the short- and the long-run effects of CO2 

emission, which is somewhat lacking in understanding the sustainability better.  

 

In addition, previous studies did not provide empirical evidence as to which sector 

depends highly on energy demand and which sector mostly contributes to CO2 

emission. This has created a knowledge gap in the body of literature thus signals the 

needs to address the alarming issue of CO2 emission to the environment. Furthermore, 

lack of information to evaluate the existence of EKC by sectors in Malaysia served as 

one of the motive to embark on a further investigation. 

 

In figuring out the methods for the study, it is noted that previous studies employed 

various methods such as panel co-integration, FMOLS, Pooled Mean Group (PMG) 

and Mean Group (MG) to explore the causal relationship between energy 

consumption, national output and CO2 emission. This is because the panel data analysis 

contains more degree of freedom and more sample variability. Therefore, this study 

will adopt the approaches employed by previous studies. Next chapter will explain the 

methodology in details. 
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CHAPTER THREE 

METHODOLOGY 

 

3.1 Introduction 

This chapter describes the production theory and the EKC. The production theory 

shows the relationship between inputs and outputs, while the EKC describes the effects 

of income per capita on the environmental degradation. This chapter also discusses the 

methods that will be employed in details and tries to achieve every objective of this 

study. Several tests will be performed in this study such as the panel unit root, panel 

co-integration, panel estimation (FMOLS), Pooled Mean Group (PMG) and Mean 

Group (MG).  

 

3.2 Research Methodology 

Energy is used to ensure that output can be produced in economic sectors such as 

industrial, transportation and agriculture. Therefore, this study is important to address 

these two issues (increasing economic sectors and reducing environmental degradation 

in tandem). This study will use panel data on some variables from 1990 to 2014. This 

method is based on two models, particularly the Cobb-Douglas production function 

and the EKC function. Data on oil consumption, gas consumption, electricity 

consumption and CO2 emission are extracted from International Energy Agency 

(2014) while data on sectorial output are obtained from Department of Statistics, 

Malaysia (2014).  
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3.2.1 The Cobb-Douglas Production Function 

The Cobb-Douglas production function is to show the relationship between inputs such 

as capital and labour and production and the equation is as follows. 

 

𝑄 = 𝐾𝛼𝐿𝛽         (3.1)   

 

Due to its simplicity, however, the above production function omits energy 

consumption as an important input. Energy is used to ensure that output can be 

produced in economic sectors such as industrial, transportation and agriculture. 

Therefore energy is a catalyst for sectorial productivity. Adding this variable to 

equation (3.1) yields the following:  

 

𝑄 = 𝐾𝛼𝐿𝛽EC
ᵧ
                                                                              (3.2) 

where EC is energy consumption while γ is the energy elasticity of output. Like other 

parameters,  is assumed to be a positive fraction, 0 <  < 1. In order to ensure that this 

model is linear in parameters, there is a need to take logarithms for each variable. 

Doing so and adding the error term u as well as the time subscript t, the model becomes 

as follows:   

 

ln 𝑄𝑡 =  𝛼ln 𝐾𝑡 + 𝛽 ln 𝐿𝑡 + γln 𝐸𝐶𝑡 +  𝑢𝑡                      (3.3) 

 

This equation represents the baseline model in estimating the effect of capital, labour 

and energy consumption on output. 
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3.3.2 The EKC 

For the effects of energy consumption and economic sectors on carbon dioxide 

emission, this study applies the EKC model. The model which was introduced by 

Grossman and Krueger (1995) shows a non-linear relation between economic growth 

and carbon dioxide emission.  The inverse U-shaped curve can be empirically specified 

as follows:  

 

tttt vQQE ++= 2lnlnln                               (3.4) 

 

where E is environmental degradation, Q is per capita income, v is the error term, and 

 and  are parameters such that  > 0 and  < 0.  

 

However, energy consumption also plays an important and direct role in determining 

environmental degradation. Therefore, this study includes energy consumption as 

another determinant of environmental degradation. Using carbon dioxide emission as 

a proxy for environmental degradation (since it constitutes the largest share of 

environmental degradation), the model in equation (3.4) can be expanded to be 

 

ttttt ECQQCO  +++= lnlnlnln 2

2                             (3.5) 

                                                                                  

where CO2 is carbon dioxide emission, 𝜀𝑡 is the error term and  is a parameter which 

is assumed to be positive,  > 0. 
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3.3 Model Specification  

In the preceding section, the analysis is assumed to be applicable to the national 

economy where output, energy consumption and environmental degradation are 

measured at the national level. In this study, all of these variables are measured at the 

sectorial level.  Given the two theories and previous studies, two model specifications 

can be derived. The first model specification is to answer the first objective of this 

study (i.e. to investigate the effects of energy consumption on output in the short and 

long runs).  

 

The second model specification is to achieve the second and third objective (i.e. to 

explore the effects of energy on CO2 emission in the short and long runs, and to 

examine the impacts of output on CO2 emission in the short and long runs). Several 

energy sources are used as proxies for energy consumption. These energy sources are 

electricity consumption (E), oil consumption (O) and gas consumption (G). Therefore, 

two models are specified to investigate the effects of a) energy consumption on output, 

and b) output and energy on CO2 emission, respectively:  

 

ln 𝑄/𝑃𝑖𝑡 = 𝛼0 + 𝛼1𝑙𝑛𝐸𝐶𝑖𝑡 + 𝛼2𝑙𝑛𝐾𝑖𝑡 + 𝛼3𝑙𝑛𝐿𝑖𝑡 + 𝜇𝑖𝑡       (3.6) 

𝑙𝑛𝐶𝑂2𝑖𝑡 = 𝛽0 + 𝛽1ln (𝑄/𝐿)𝑖𝑡 + 𝛽2𝑙𝑛𝐸𝐶𝑖𝑡 + 𝑣𝑖𝑡               (3.7) 

 

where Q is sectorial output (industrial, agriculture and transportation), Q/L is sectorial 

output per labour. Sectorial output per labour is used in the second model to avoid 

multicollinearity as sectorial output has been used as a dependent variable in equation 

3.6 and independent variable in equation 3.7. CO2 is sectorial carbon dioxide emission, 

EC is energy consumption which consists of oil consumption, gas consumption, 
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electricity consumption, coal consumption, k is capital, L is labour, u and v are the 

error terms, i is sector, t is year and ’s and ’s are parameters. 

 

3.3.1 Variables 

With the adaptation of two functions (the Cobb-Douglas production function and the 

EKC function), this study comes out with several important variables to achieve the 

objectives of this study. The list and explanation on the variables are shown in Table 

3.1. Labour, capital, oil consumption, gas consumption and electricity consumption 

are treated as independent variables while industrial output, agricultural output and 

transportation output are considered dependent variables in the first model 

specification. The same proxy for energy consumption in the first model is also 

included in the second model. With the exclusion of labour and capital, the second 

model treats sectorial output per labour as one of the independent variables instead of 

a dependent variable and CO2 emission as a dependent variable.  

 

Table 3.1 

Definition and Measurement for Energy Consumption Variables. 

Variables Definition Units of 

Measurement 

Labour (L) Labour is the total employment who contributes 

their physical skill to produce goods and 

services in each sector (industrial, agricultural 

and transportation). Labour is the controlled 

variable 

Number of 

people. 

 

Capital (K) Capital is measured by the value of fixed assets 

owned as at the end of the year. Fixed assets 

include machinery, building, land and furniture. 

Capital is the controlled variable, which is very 

important in determining output. 

Ringgit 

Malaysia (RM) 

Output (Q) Output is measured by the value of real gross 

domestic product in three sectors: 

i) Industrial sector is the secondary 

sector that produces goods. This 

sector takes raw material from 

Ringgit 

Malaysia (RM) 
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primary sectors to process to be 

output. The industrial sector 

includes manufacturing and 

construction. This sector consumes 

various types of energy. 

ii) Agricultural sector is the primary 

sector which includes growing 

crops, raising animals, and harvest 

fish and other animals from a farm, 

ranch or their natural habitats. This 

sector contributes the least of 

emission in Malaysia 

iii) Transportation sector is the tertiary 

sector which includes truck, bus, 

airline and etc. Transportation sector 

is highly dependent on oil products. 

If the price of oil increases, it can 

affect the performance of this sector. 

Output per 

labour (Q/L) 

Output is measured by the value of real gross 

domestic product per labour in three sectors 

(industrial, agricultural and transportation)  

Ringgit 

Malaysia (RM) 

Sectorial CO2 

Emissions 

(CO2) 

Sectorial CO2 emissions is the emissions 

produced by separate sectors; industries, 

transport and agriculture. This emission 

contributes to the largest share of greenhouse 

gasses. When we need energy, it is unavoidable 

to burn oil, coal and gas, and therefore CO2 will 

be emitted into the air. This emission can be 

harmful to the environment. 

Metric tons 

Sectorial 

Natural Gas 

Consumption 

(G) 

Sectorial natural gas consumption is the 

consumption of natural gas in several sectors, 

particularly, industries, transportation and 

agriculture.  Natural gas includes is composed 

of mostly methane and little hydrocarbon 

liquids and non-hydrocarbon gases. 

Terajoule (TJ). 

Sectorial Oil 

Consumption 

(O) 

Sectorial oil consumption is the consumption of 

oil in each sector of industries, transportation 

and agriculture. This type energy can contribute 

much of CO2 emission. 

Thousand 

tonnes of oil 

equivalent 

(ktoe). 

Sectorial 

Electricity 

Consumption  

(E)  

Sectorial electricity consumption is the 

consumption of electricity in every sector, 

namely, transportation, industries and 

agriculture. This type energy is actually 

generated by several primary energy such as 

hydro, gas, coal and oil 

Gigawatt Hour 

(GWh). 

Source: World Bank, 2015 
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3.4 Panel Analysis 

The panel data analysis outperforms the time series data analysis because it can 

overcome the problem of estimation techniques for a single time series (Chen & 

Huang, 2013). The time-series data analysis has two problems, namely, seriously low 

power tests and low degree of freedom on account of short time period data. Low 

degree of freedom becomes more serious if the study uses many independent variables. 

This situation may provide wrong statistical inference. Therefore, the use of the panel 

method can increase the power of tests and degrees of freedom through the 

combination of time-series and cross-section information. Next, the panel analysis 

allows researchers to improve the efficiency of estimators.  

 

There are three tests that will be performed in this study, namely, panel unit root test 

to see the stationarity of the data, panel co-integration test to see the co-integrating 

relationship between the variables, panel estimation to see the long-run relationship 

and thus answer all the objectives (i.e to investigate the effects of energy consumption 

on output in the short and long runs, to explore the effects of energy on CO2 emission 

in the short and long runs, and to examine the impacts of output on CO2 emission in 

the short and long runs),  and PMG and MG test to see the directional relationship and 

also short run effects, thus answering all the objectives of this study.  

 

3.4.1 Panel Unit Root Tests 

The panel unit root test will be performed before panel co-integration test and panel 

estimation. The panel unit root tests will be performed for all selected variables. The 

test is conducted to ensure that there is no tendency for spurious regression when using 

panel data (Im, Pesaran & Shin, 1997; Levin, Lin & Chu, 2002). The main reason that 
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the panel unit root test is performed is to solve the low power problem when ADF is 

applied. 

 

Campbell and Perron (1991) and Ramirez (2007) stated that the reliability of the 

estimation can be questioned as the unit root test has low power when the number of 

observations used in time-series studies is less than 50. The use of the panel unit root 

test can overcome this problem as it has more power and standard asymptotic 

distribution. Therefore, reliable evidence can be provided by the test. Moreover, as 

stated by Levin, Lin and Chu (2002), the panel unit root test is more efficient compared 

to time series unit root test. 

 

Several methods were employed in this test such as Levin, Lin and Chu (2002) (LLC), 

Breitung (2000), Im, Pesaran and Shin (1997) (IPS), and Maddala and Wu (1999) 

(MW). These methods have been widely used in previous studies on energy 

consumption such as Chen and Huang (2013); Li et al. (2011); Farhani and Rejeb 

(2012); and Akin (2014).  Based on the previous studies, this study will use the IPS 

panel unit root test, LLC and Breitung. Kim, Oh and Jeong (2005) stated that the IPS 

test is more important than LLC test because it is more appropriate for unit root 

regressive heterogeneity under the alternative hypothesis. 

 

3.4.1.1 Levin, Lin and Chu (LLC) 

Based on LLC, the hypothesis of panel unit root test is as follows: 

      H0: each time series contains a unit root      

H1: each time series is stationary      
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The null hypothesis is 𝐻𝑖 = 0 which suggests that there is a unit root, while the 

alternative hypothesis is 𝐻𝑖 < 0 which indicates that there is no unit root. LLC 

proposed a three-step procedure. Firstly, the ADF regression is needed and its value 

must ensure that the residual is not related along the analysis period. Secondly, the 

ratio of long-run to short-run innovation standard deviation must be estimated for each 

individual. The first and second steps must be performed for each individual. Finally, 

the pooled t-statistic is computed.  

 

The ADF regression is as follows: 

 

∆𝑌𝑖.𝑡 = 𝛿𝑖𝑌𝑖,𝑡−1 + ∑ 𝜗𝑝
=1 ∆𝑖𝑗 𝑌𝑖,𝑡−𝑗 + 𝜀𝑖𝑡               (3.8) 

 

The lag order from 𝜗 can be differentiated for each individual. The process of lag order 

selection can be done as P can be maximized.  Subsequently, t-statistic for 𝑃̂  can be 

observed to see whether the order of the smaller lag is suitable or not [t-statistics have 

a standard normal distribution in a null hypothesis (𝑃̂ = 0) when 𝜑 = 0 𝑜𝑟 𝜑 < 0]. 

Once we have selected the order of autoregression, we can generate two auxiliary 

regressions to obtain orthogonalised residuals. The regression ∆𝑌𝑖.𝑡and 𝑌𝑖.𝑡 on ∆𝑌𝑖.𝑡−𝐿 

(L= 1……pi) can be performed and residuals 𝑒̂𝑖,𝑡 and 𝑣𝑖,𝑡−1 can be obtained. The 

model is presented as follows:  

 

𝑒̂𝑖,𝑡 = ∆𝑌𝑖.𝑡 − ∑ 𝜗𝑝
𝑗=1 −∆𝑖𝑗 𝑌𝑖,𝑡−𝑗                (3.9) 

𝑣𝑖,𝑡 = ∆𝑌𝑖.𝑡 − ∑ 𝜗𝑝
𝑗=1 −∆𝑖𝑗 𝑌𝑖,𝑡−𝑗             (3.10) 
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The normalization of 𝑒̂𝑖,𝑡 and 𝑣𝑖,𝑡−1 through standard error regression can be done by 

LLC in order to avoid heterogeneity among individuals. The equation for the 

normalization is as follows: 

 

𝑒̃𝑖,𝑡 =
𝑒̂𝑖,𝑡

𝜎̂𝜀,𝑡
,                𝑣̃𝑖,𝑡−1 =

𝑒̂𝑖,𝑡

𝜎̂𝜀,𝑡
             (3.11) 

 

where 𝜎̂𝑖,𝑡 is the standardized error from estimation of equation (3.12). This value can 

also be computed from regression 𝑒̂𝑖,𝑡 on 𝑣̃𝑖,𝑡−1. 

 

𝜎̂𝜀,𝑡
2 =

1

𝑇−𝑃𝑖−1
∑ (𝑒̂𝑖,𝑡

𝑇
𝑖=𝑝+2 − 𝛷̂𝑖𝑣𝑖,𝑡−1)2            (3.12) 

 

Then, the ratio of long-run to short-run standard deviation can be estimated and the 

model is as follows: 

 

𝜎̂𝑦,𝑡 =
1

𝑇−1
∑ ∆𝑌𝑖,𝑡

2 + 2 𝑇
𝑖=2 ∑ 𝑊𝐾,𝐿 𝐾̅

𝐿=1 ⌊
1

𝑇−1
∑ ∆𝑌𝑖,𝑡∆𝑖,𝑡−𝐿 𝑇

𝑖=2+𝐿 ⌋         (3.13) 

 

where w refers to weights. The truncation lag parameter 𝐾̅ depends on data. For each 

individual i, LLC defines the ratio of the long-run standard deviation to innovation 

standard deviation as: 

 

𝑠𝑖 =
𝜎𝑦,𝑖

𝜎𝜀,𝑖
                (3.14) 

The average standard deviation is 𝑆𝑁 = (
1

𝑁
) ∑ 𝑆𝑖

𝑁
𝑖=1  and is estimated as  𝑆̂𝑁 =

(
1

𝑁
) ∑ 𝑆̂𝑖

𝑁
𝑖=1 . Two things must be completed first before the third step can be taken.  
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Firstly, 𝜎̂𝑦,𝑖 must be estimated for the null hypothesis which is 𝜎̂𝜀,𝑖
2 /(1 − ∑ 𝑝̂𝑖,𝑡)𝑝𝑖

𝑖=1

2
and 

after the estimation the result is 𝜎̂𝜀,𝑖 which is constant for 𝜎̂𝜀,𝑖 
2 for the null hypothesis. 

Then, the estimation of  𝑆̂𝑖 can be performed according to ⌊1 − ∑ 𝑝̂𝑖,𝑡
𝑝𝑖
𝑖=1 ⌋. Secondly, 

the first difference of the estimation of the long variance can cause the feature of size 

and power for the panel unit root to be larger. Schwert (1989) stated that the first 

difference of a long-run estimation can be less biased with a limited sample rather that 

a long-run variance based on residuals in level.  

 

The third step is the estimation of coefficient  and the calculation of the t-statistic. 

With the combination of all cross section and times series, the model can be written as 

follows:  

 

𝑒̃𝑖,𝑡 = 𝛷𝑣𝑖,𝑡−1 + ɛ̃𝑖,𝑡               (3.15) 

 

where the total observations is 𝑁𝑇̃, where 𝑇̃= T − 𝑔̅ − 1 represents the average 

number of observations per individual in the panel, and 𝑝̅ =
1

𝑁
∑ 𝑝𝑖

𝑁
𝑖=1  represents the 

average interval for individual ADF regression. The conventional t-statistic to test  

= 0 is: 

 

𝑡𝛷 =
𝛷̂

𝑆𝑇𝐷(𝛷̂)
                (3.16) 

 

where 

𝛷̂ =
∑ ∑ 𝑣̃𝑖,𝑡−1𝑒̃𝑖,𝑡

𝑇
𝑖=2+𝑝𝑖

𝑁
𝑖=1

∑ ∑ 𝑣̃𝑖,𝑡−1
𝑇
𝑖=2+𝑝𝑖

𝑁
𝑖=1

              (3.17) 
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𝑆𝑇𝐷𝛷̂ = ∑ ∑ 𝑣̃𝑖,𝑡−1
𝑇
𝑖=2+𝑝𝑖

𝑁
𝑖=1               (3.18) 

 

𝛷𝑒̃
2 = [

1

𝑁𝑇̃
∑ ∑ (𝑒̃𝑖,𝑡 − 𝛷̂𝑣̃𝑖,𝑡−1)2𝑇

𝑖=2+𝑝𝑖
𝑁
𝑖=1 ]            (3.19) 

 

With the null hypothesis Φ=0, a normal distribution for the ADF model without 

intercept and trend can be found from the regression of t-statistic (𝑡Φ). However, the 

t-statistic is skewed to the left for the ADF model with intercept and trend, in which 

case the coordinated t-statistic 

 

𝑡Φ
∗ =

𝑁𝑇̃𝑠̂𝑁𝜎̂𝜀̃
−2̂ STD(Φ̂) 𝜇𝑚𝑡̃

∗

𝜎
𝑚𝑡̃
∗                (3.20) 

 

needs to be computed, where tabulated mean value is adjustment for 𝜇𝑚𝑡̃
∗  and standard 

deviation is provided by LLC with a deterministic specification (m=1,2,…) and time 

series dimension 𝑇̃. The normal tabulation is N→ ∞ and T→ ∞ with √𝑁/𝑇 → 0 or N/T 

→  0, depending on our model specification.  

 

3.4.1.2 Im, Pesaran and Shin (IPS) 

Im, Pesaran and Shin, or IPS (1997), introduced a test for the stationary data in panel.  

The test combines information from the time series dimension with that from the cross 

section dimension under the condition that time series dimension is smaller for the test 

to have power. We can use IPS as it has superior test power; then IPS can be ensued 

with specifying a separate ADF regression for each cross-section with individual 

effects and no time trend: 
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∑ ε+yΔβ+yρ+α=yΔ
ip

1=j
itjt,iij1t,iiiit               (3.21)

                         

where  i = 1, . . .,N and t = 1, . . .,T 

 

This test is based on ADF and it provides separate unit root tests for the N cross-section 

units. Therefore, the average of the t-statistic for i from the individual ADF 

regressions, :)( iiTi
t   

 

∑
1

)(
1

N

i

iiiTNT t
N

t
=

=                                                  (3.22) 

 

𝑡̅ is the standardized form t and  𝑡̅-statistic converges to the standard normal 

distribution as N and T → . 𝑡̅–statistic is better in terms of performance with smaller 

time series dimension. Hence, the cross-section demeaned version of both tests are 

employed as the errors in different regressions contain a common time-specific 

component. 

 

3.4.2 Panel Co-integration Test 

After performing the panel unit root test, the panel co-integration test will be 

conducted. This is to determine the existence of the long-run relationship among all 

the variables. Pedroni (1999) as well as Maddala and Wu (1999) were the first to use 

this panel co-integration. Pedroni considered the panel co-integration with 

heterogeneous intercepts and coefficient while Maddala and Wu emphasized the 

combination of the tests to elicit the test statistic for the full panel.  Roudet, Saxeggard 
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and Tsangarides (2007) stated that the panel co-integration analysis can increase the 

efficiency of estimator.   

 

Engle and Granger (1987) explained that the Engle-additional Granger test has low 

power and thus makes the panel data the best alternative to increase the power of the 

test. The panel co-integration technique is to allow researchers to selectively collect 

information which is associated with the long-term relationships across the panel and 

at the same time it allows the dynamic short-term relationship and specific variation 

to the panel unit or remains a heterogeneous effect among the panel units. The 

deterministic and dynamic effects in the data generating process may vary across each 

panel unit. 

 

The panel data in this study involves dissimilar economic sectors; therefore, a 

heterogeneous panel model should be formed. This method was proposed by Pedroni 

(1999). The Pedroni method allows researchers to examine heterogeneous panel, 

which takes into account panel coefficient heterogeneity, fixed effects and 

deterministic trends specific to each individual. Actually, Pedroni provides the co-

integration test for heterogeneous panel based on the two-step approach of Engle and 

Granger (1987) and the test is still based on the ADF and PP. 

 

Pedroni (1999) proposed two types of statistical tests, namely, panel statistic and group 

statistic to determine the significance of the co-integration panel test. There are several 

test statistics of within-dimension approach such as panel v-statistic, panel ρ-statistic, 

panel ρρ-statistic and panel ADF-statistic. All of these statistics group around the unit 

autoregressive coefficients across different panel unit root tests on the estimated 
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residuals. The group statistical analysis of between-dimensional approach consists of 

group ρ-statistic, group ρρ-statistic and group ADF-statistic. All of these statistics are 

derived from the estimator which is the average value for every estimated individual 

coefficient.  

 

Panel v-statistic: 

Zv =
1 1

2

1,

2

11∑∑ ˆˆ




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


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T

t

tiieL
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               (3.23) 

 

Panel ρ-statistic: 

𝑍𝑝 =
1 1
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Panel ρρ-statistic: 

𝑍𝑝 = 𝜎̂
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Panel ADF-statistic: 

𝑍𝑝
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Group v-statistic:  
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Group ρρ-statistic: 
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Group ADF-statistic:   
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where 
tie ,

ˆ is the estimated residual and 
2

11
ˆ

iL  represents the estimated long-run 

covariance matrix for
tie ,

ˆ . Similarly, 𝑠̂𝑖  and ( )2ˆˆ
ti ss  are respectively, the long-run 

covariance matrix for individual 𝑖. These statistics compute the group mean of the 

individual conventional time series statistic. The asymptotic distribution of each of 

those five statistics can be expressed in the following form: 

 

)1,0(N⇒
v

NμX T,N
             (3.30) 

where 
TNX ,

 is the corresponding form of the test statistic,  is the mean, and v  is the 

variance of each test [they are given in Table 2 in Pedroni (1999)]. The hypotheses for 

the panel co-integration test can be represented by equations (3.31) and (3.32). 

 

H₀∶ 𝜌𝑖 = 0                   (3.31)                                                                                                                  

H₁∶ 𝜌𝑖  < 0                             (3.32)                                                                                                  

 

Equation (3.31) is the equation of the null hypothesis for no co-integration of both 

panel statistical test and group average statistical test. Equation (3.32) is the equation 
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of each alternative hypothesis for panel statistical test and group average statistical 

test.  

 

3.4.3 Panel Estimation 

The panel estimation can be performed to see the long-run relationship among energy 

consumption, economic sectors and carbon dioxide emission in Malaysia on the 

condition that there is an existence of a panel co-integration. In this case, FMOLS by 

Phillips and Hansen (1990) and extended by Pedroni (1996, 2000), and DOLS by Mc 

Coskey and Kao (1998) and extended by Kao and Chiang (2000) can be employed in 

the panel estimation. DOLS is better than FMOLS in terms of bias in a small sample. 

Kao and Chiang explained that FMOLS and DOLS generate estimators in a co-

integrated regression which are asymptotically normal with zero mean, while the OLS 

estimator using panel data suffers from inconsistency and biasedness which cannot be 

ignored in infinite samples.  

 

According to Pedroni, FMOLS estimation methods were developed to estimate and 

test hypotheses of co-integration vectors in panel heterogeneity leading to unbiased 

parameters asymptotically when there are idiosyncratic dynamics and fixed effects. 

Furthermore, according to Christopoulos and Tsionas (2004), this method can solve 

the problem of endogeneity, simultaneity and non-stationarity in this study. 

 

Phillips and Hansen (1990) addressed the problem of asymptotic bias and nuisance 

parameter related to the estimated co-integration vector in a single equation. Then, 

Phillips (1995) showed the advantage of FMOLS methods when VAR is not stationary 

with the unknown co-integrated rank. FMOLS estimators can produce good inference 
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in a dynamic heterogeneous panel model when cross-sectional dimension increases 

but the dimension of time-series is short. The group-mean FMOLS will be used in this 

study since its estimation method can have more flexible alternative hypothesis based 

on the presence of heterogeneity of vector co-integration and it is less problematic with 

the small sample size compared with the pooled panel FMOLS. 

 

In the context of FMOLS estimation, the co-integrated system for the panel sector, 𝑖 =

1, 2, … , 𝑁 as shown by equation (3.33) and equation (3.34) is used to derive FMOLS 

estimator 

 

𝑦𝑖𝑡 =  𝛼𝑖 +  𝛽𝑥𝑖𝑡 +  µ𝑖𝑡                             (3.33)                                                                              

𝑥𝑖𝑡 =  𝑥𝑖𝑡−1 +  Ԑ𝑖𝑡                                            (3.34)                                                                                   

 

where 𝑦𝑖𝑡 and 𝑥𝑖𝑡 are non-stationary, the error vector 𝜉𝑖𝑡 =  (µ𝑖𝑡, Ԑ𝑖𝑡) ~ 𝐼 (0) has a 

long-term covariance matrix or asymptotic covariance matrix, 𝛺𝑖 = 𝐿𝑖𝐿𝑖, (𝐿𝑖 is under 

triangular decomposition of 𝛺𝑖). 𝑦𝑖𝑡 and 𝑥𝑖𝑡 variables are co-integrated for each 

member of the panel with co-integration vector 𝛽. The intercept term represents a 

specific fixed effect, allowing for co-integrated relationship. Asymptotic covariance 

matrix 𝛺𝑖  is different across each panel member and it is divided into 𝛺𝑖 =  𝛺𝑖
0 +  Г𝑖 +

 Г𝑖, where 𝛺𝑖
0 is the contemporaneous covariance and Г𝑖 is the number of auto-

covariance. Equation 3.35 showed the estimator of the average group of FMOLS. 

 

𝛽̌∗
𝐺𝐹𝑀

=  
1

𝑁
 ∑ [

∑ (𝑥𝑖,𝑡− 𝑥̅𝑖)𝑇
𝑡=1  𝑦𝑖,𝑡

∗ − 𝑇𝑦̌𝑖

∑ (𝑥𝑖,𝑡− 𝑥̅𝑖)
2𝑇

𝑡=1

]𝑖 ,                                                                       (3.35) 
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with 𝑦𝑖,𝑡
∗ =  (𝑦𝑖𝑡 −  𝑦̅𝑖) −  

𝐿̂21,𝑖

𝐿̂22,𝑖
 ∆𝑥𝑖𝑡 and 𝑦̂𝑖 =  𝑇̂21,𝑖 +  𝛺̂21,𝑖

0 − 
𝐿̂21,𝑖

𝐿̂22,𝑖
 (𝑇̂22,𝑖 +  𝛺̂22,𝑖

0 ) and 

𝛺̂22,𝑖
0  are the long-term covariance between error stationary and auto-regressive error 

unit. The estimator is shown by equation (3.28). 

 

𝛽̂∗
𝐹𝑀

= [∑ ∑ (𝑥𝑖𝑡 − 𝑥̅𝑖)(𝑥𝑖𝑡 − 𝑥̅𝑖)
′𝑇

𝑡=1
𝑛
𝑖=1 ]−1[∑ (∑ (𝑥𝑖𝑡 − 𝑥̅𝑖)𝑦̂𝑖𝑡 − 𝑇∆+

𝜀𝜇
𝑇
𝑡=1 )𝑛

𝑖=1 ]              

       (3.36)     

 

with ∆Ԑµ
+  is a serial correlation correction terms and 𝑦𝑖𝑡

+ is a co-integration correction. 

 

The hypothesis test group average FMOLS allows the null hypothesis, 𝐻0 ∶  𝛽𝑖 =  𝛽0 

and the alternative hypothesis, 𝐻1 ∶  𝛽𝑖 ≠  𝛽0 for all 𝑖. This means that homogeneity 

does not apply across panel units under the alternative hypothesis. T-statistic towards 

𝛽̂𝐹𝑀
∗  is represented by equation (3.37): 

 

𝑡𝛽̂∗
𝐹𝑀

= (𝛽̂∗
𝐹𝑀

− 𝛽)(∑ 𝐿−2
22,𝑖 ∑ (𝑥𝑖𝑡 − 𝑥̅𝑖)

2𝑇
𝑖=1

𝑁
𝑖=1 )

−
1

2                                                      (3.37) 

 

3.4.4 Pooled Mean Group (PMG) and Mean Group (MG)  

Next, the Mean Group (MG) test and Pooled Mean Group (PMG) test are conducted 

to achieve objective 2 and objective 3 (to explore the effects of energy on CO2 emission 

in the short and long runs, and to examine the impacts of output on CO2 emission in 

the short and long runs). PMG and MG are used in this study to capture the short run 

effects for the overall economy and each sector. Pesaran and Smith introduced the MG 

method in 1995, while the PMG method was introduced in 1999 (Pesaran, Shin & 

Smith, 1999). The MG and PMG tests are also conducted in this study to examine the 
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short- and long-runs effects of energy consumption and national output on CO2 

emission.  

 

The selection of lag length for both MG and PMG models must be appropriate. In these 

two methods, the Hausman test is conducted to determine which one is favorable, 

either MG or PMG (Pesaran, Shin & Smith, 1997).  If the results of the Hausman test 

suggest that it is significant, it means that PMG is better than MG, and vice versa. 

 

If the results show no correlation between regressors and their effects, then PMG is 

consistent and MG is not consistent. If the results show the existence of correlation, 

then MG is consistent and PMG is not consistent. There is no difference between the 

estimators under the null hypothesis of no correlation. Therefore, to conduct the 

Hausman test. We calculate β̂PMG − β̂MG  and its covariance. The covariance of an 

efficient estimator with its difference from an inefficient estimator should be zero. 

Under the null hypothesis, we should estimate: 

 

             𝑊 = (𝛽𝑃𝑀𝐺 −  𝛽𝑀𝐺)′𝛴̂−1𝛽𝑃𝑀𝐺 − 𝛽𝑀𝐺)~ 𝑥2(𝑘)                      (3.38) 

 

If W is significant, then MG is favourable and if W is insignificant, then PMG is 

favourable.  

 

The MG model is derived from the ARDL model. The regression should be analyzed 

separately for the panel data. The MG model is as follows:  

𝑎𝑖(𝑄)𝑦𝑖𝑡 = 𝑏𝑖(𝑄)𝑥𝑖𝑡 + 𝑑𝑖𝑧𝑖𝑡 + 𝑒𝑖𝑡                                                                        (3.39) 
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where Q refers to output, i refers to the long-run parameter for the number of sector 

1,2,…., N and t refers to time 1,2,…,T. Meanwhile  𝜃𝑖 =
𝑏𝑖(1)

𝑑𝑖(1)
 , and MG estimator for 

the whole panel data for error correction coefficient is 𝜃 =
1

𝑁
∑ 𝜃𝑖̂

𝑁
𝑖=1  and the variance 

is ∆̂𝜃̂=
1

𝑁(𝑁−1)
∑ (𝑁

𝑖=1 𝜃𝑖 − 𝜃)2.  

 

However, Pesaran, Shin and Smith (1999) combined several data sets and introduced 

PMG estimation. The estimation can estimate the short- and long-runs coefficients. 

According to Pesaran, Shin and Smith (1999), the maximum likelihood (ML) 

estimation refers to PMG estimator and is used to estimate a long-run coefficient, θ. 

Unrestricted specification ARDL model for time period, t = 1, 2, …,T and the number 

of sector, i = 1,2,…,N and the following equation is derived: 

 

𝑦𝑖𝑡 = ∑ 𝜆𝑖𝑗
𝑚
𝑗=1 𝑦𝑖,𝑡−𝑗 + ∑ 𝛿𝑖𝑗

′𝑛
𝑗=0 𝑥𝑖,𝑡−𝑗 + 𝜇𝑖 + 𝜀𝑖𝑡                                       (3.40) 

 

where xij refers to the explanatory variables vector, (k x 1) for group i and μi refers to 

fixed effects. The parameter for VECM is as follows: 

 

∆𝑦𝑖𝑡 = 𝜃𝑖(𝑦𝑖,𝑡−1 − 𝛽𝑖
′𝑥𝑖,𝑡−1) + ∑ 𝛾𝑖𝑗

𝑚−1
𝑗=1 ∆𝑦𝑖,𝑡−𝑗 + ∑ 𝜎𝑖𝑗

′𝑛−1
𝑗=1 𝑥𝑖,𝑡−𝑗 + ∑ 𝜏𝑖𝑗

′ 𝑧𝑖,𝑡−𝑗 +
𝑝−1
𝑗=1 𝜇𝑖 + 𝜀𝑖𝑡   

                 (3.41) 

 

where β´i refers to long-run parameter, γij and γ´ij refer to short run coefficient vectors, 

yit refers to dependent variables (lnQ and lnCO2), xi,t-j refers to the vector of non-

stationary variables, zi,t-j refers to stationary variables, μ refers to fixed effect, ɛ refers 
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to error term and θi refers to error correction parameter. The PMG model is developed 

based on the VECM model. 

 

3.5 Summary 

In summary, the Cobb-Douglas production function and EKC underline this study. 

The panel data analysis is used to answer all the objectives. The panel unit root test is 

employed to check the stationarity of the data while the panel co-integration test is 

applied to see the long-run relationship. The panel estimation based on FMOLS is 

employed to see the effects of energy consumption (coal, electricity, gas and oil) on 

carbon dioxide emission and economic sectors (industrial, transportation, and 

agriculture). The PMG and MG tests are performed to explore the direction of the 

relationship in the short run. The findings of all of these tests will be explained in the 

following chapter.  
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CHAPTER FOUR 

FINDINGS 

 

4.1 Introduction 

This chapter discusses the results of the panel data analysis (panel unit root, panel co-

integration, FMOLS and PMG). Besides, descriptive statistics analysis is also reported 

in this chapter. The panel unit root tests are employed to see the stationarity of the data, 

while the panel co-integration tests are employed to see the co-integrating relationship 

among the variables. FMOLS and PMG are employed to examine the short- and long-

run effects of energy consumption on sectorial output and CO2 emission.  

 

4.2 Descriptive Statistics 

The descriptive statistics exhibit the maximum, minimum, mean and standard 

deviation values for all variables used (oil consumption, coal consumption, gas 

consumption, electricity consumption, industrial output, agricultural output, 

transportation output, CO2 emission, capital and labour). The results are reported in 

Table 4.1.  

 

Table 4.1 

Descriptive Statistics 

Variables Mean  Maximum  Minimum  

Q (RM millions) 63622.4675 155250.6373 13332.24 

Q/L (RM millions/labour) 19.5135 59.6888 0.2784 

O (millions ktoe) 7.9958 20.998 1.424 

L (millions) 109.0919 437.077 0.4007 

K (RM millions) 10088.8618 56684.2452 41.45 

CO2 (millions tons) 33.8898 59 15.3 

G (TJ) 91292 394198 183 

E (GWh) 19941.6818 63205 12 
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Based on the table, the variation of each variable (Q, Q/L, CO2, E, G, K, L, and O) is 

of large difference across sectors. The variable of Q shows the largest mean of 

63622.4675 million while E exhibits the lowest mean of 19941.6818. The largest 

difference between maximum and minimum values are exhibited by Q with the 

different value of 141918.4 million. The smallest difference between maximum and 

minimum values are shown by E. The difference value is 63193. 

 

4.3 Panel Data Analysis  

The panel data analysis is conducted to investigate the effects of energy consumption 

on sectorial output and CO2 emission as well as the effects of sectorial output on CO2 

emission. The panel co-integration and the panel estimation using the FMOLS 

approach are performed to achieve these objectives. Besides, this study also employs 

Pooled Mean Group (PMG) and Mean Group (MG) to discover the short-run effects 

across sectors.   

 

4.4 Panel Unit Root Results 

The unit root tests based on LLC, PP and ADF are performed to see the existence of 

the stationarity of the data for all variables. The results are split into two categories: 

level and first difference. Table 4.2 reports the findings of the unit root tests. When the 

tests are performed using individual intercept with and without trends, the results show 

that we fail to reject the null hypothesis of unit root at level for the test of ADF. 

Therefore, we can conclude that the data are not stationary. However, the data for the 

all variables become stationary at first difference for the test of ADF. Hence, these 

results suggest that the panel co-integration test can be proceeded. 
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Table 4.2 

Unit Root Results 

Variables Level First Difference 

LLC ADF PP LLC ADF PP 

Individual intercept without trends 

lnQ -1.7062 [0]** 

(0.0440) 

5.1006 [0] 

(0.5310) 

16.8357 [0]*** 

(0.0099) 

-7.7245 [0]*** 

(0.0000) 

45.9172 [0]*** 

(0.0000) 

52.0781 [0]*** 

(0.0000) 

lnQ/L -1.9563 [1]** 

(0.0252) 

4.0122 [1] 

(0.6750) 

3.6565 [1] 

(0.7230) 

-6.6881 [1]*** 

(0.0000) 

48.9127 [1]*** 

(0.0000) 

82.8891 [1]*** 

(0.0000) 

lnCO2 -1.1037 [1] 

(0.1349) 

4.4961 [1] 

(0.6099) 

7.1648 [1] 

(0.3059) 

-8.0098 [1]*** 

(0.0000) 

50.9798 [1]*** 

(0.0000) 

50.9316 [1]*** 

(0.0000) 

lnE -0.7196 [1] 

(0.2359) 

0.5294 [1] 

(0.7674) 

0.7462 [1] 

(0.6886) 

-7.9975 [1]*** 

(0.0000) 

28.2539 [1]*** 

(0.0000) 

43.8305 [1]*** 

(0.0000) 

lnG -1.1389 [1] 

(0.1274) 

2.2835 [1] 

(0.6838) 

2.1008 [0] 

(0.7172) 

-3.0756 [1]*** 

(0.0011) 

18.6918 [1]*** 

(0.0009) 

25.1414 [0]*** 

(0.0000) 

lnK -2.0910 [0]** 

(0.0183) 

4.9502 [0] 

(0.5502) 

21.4789 [0]*** 

(0.0015) 

-3.4474 [0]*** 

(0.0003) 

21.7433 [0]*** 

(0.0013) 

23.3722 [0]*** 

(0.0007) 

lnL -1.0188 [0] 

(0.1541) 

6.5769 [0] 

(0.3617) 

6.3206 [0] 

(0.3883) 

-7.5109 [0]*** 

(0.0000) 

44.2361 [0]*** 

(0.0000) 

44.2372 [0]*** 

(0.0000) 

lnO 0.0822 [0] 

(0.5328) 

3.1095 [0] 

(0.7950) 

2.8814 [0] 

(0.8236) 

-8.1297 [0]*** 

(0.0000) 

48.0100 [0]*** 

(0.0000) 

46.2902 [0]*** 

(0.0000) 

Note: [ ] refers to lag, ( ) refers to probability while ***, **, and * denote the significance level at 1%, 5% and 10%, respectively. 
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Table 4.2 (Continue) 

Variables Level First Difference 

LLC ADF PP LLC ADF PP 

Individual intercept with trends 

LnQ -2.1095 [0]** 

(0.0175) 

7.7071 [0] 

(0.2154) 

10.9673 [0]* 

(0.0894) 

-6.8606 [0]*** 

(0.0000) 

36.5295 [0]*** 

(0.0000) 

46.9195 [0]*** 

(0.0000) 

lnQ/L -0.5148 [1] 

(0.3033) 

7.8839 [1] 

(0.5507) 

12.6506 [1]** 

(0.0489) 

-5.7162 [1]*** 

(0.0000) 

40.010 [1]*** 

(0.0000) 

113.695 [1]*** 

(0.0000) 

lnCO2 0.6247 [1] 

(0.7339) 

2.0310 [1] 

(0.9161) 

3.4654 [1] 

(0.7486) 

-7.0283 [1]*** 

(0.0000) 

41.3626 [1]*** 

(0.0000) 

41.6789 [1]*** 

(0.0000) 

lnE -3.3700 [0]*** 

(0.0004) 

1.0379 [0] 

(0.1526) 

8.1446 [0]** 

(0.0170) 

-6.9548 [0]*** 

(0.0000) 

24.0002 [0]*** 

(0.0000) 

112.149 [0]*** 

(0.0000) 

lnG 0.5759 [1] 

(0.7177) 

5.2793 [1] 

(0.2598) 

0.6339 [1] 

(0.9592) 

-2.5518 [1]*** 

(0.0054) 

15.7183 [1]*** 

(0.0034) 

21.0132 [1]*** 

(0.0003) 

lnK -2.9354 [0]*** 

(0.0017) 

9.6657 [0] 

(0.1395) 

21.6771 [0]*** 

(0.0014) 

-4.5153 [0]*** 

(0.0000) 

24.8429 [0]*** 

(0.0004) 

24.8612 [0]*** 

(0.0000) 

lnL -0.1935 [0] 

(0.4233) 

5.2444 [0] 

(0.5129) 

3.2377 [0] 

(0.7785) 

-6.9554 [0]*** 

(0.0000) 

37.8368 [0]*** 

(0.0000) 

38.9865 [0]*** 

(0.0000) 

lnO 0.2771 [1] 

(0.6091) 

2.7245 [1] 

(0.8425) 

2.6218 [1] 

(0.8546) 

-7.8329 [1]*** 

(0.0000) 

44.8179 [1]*** 

(0.0000) 

43.7267 [1]*** 

(0.0000) 

Note: [ ] refers to lag, ( ) refers to probability while ***, **, and * denote the significance level at 1%, 5% and 10%, respectively.
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4.5 Panel Co-integration Results 

The panel co-integration test is performed with two models: the relationship between 

energy consumption and output, and the relationship among energy consumption, 

output and CO2 emissions. This panel co-integration is conducted using Pedroni 

Residual Co-integration and the results are reported in Table 4.3.  

 

Table 4.3 

Pedroni Residual Co-integration Results 

Q= f (K, L, EC) 

Alternative hypothesis: common AR coefs. (within-dimension) 

Statistics tests Statistics values Prob. 

Panel v-Statistic 

Panel rho-Statistic 

Panel PP-Statistic 

Panel ADF-Statistic 

-1.0654 

0.8001 

-2.3328*** 

-1.7651** 

0.8567 

0.7882 

0.0098 

0.0338 

Alternative hypothesis: individual AR coefs. (between-dimension) 

Group rho-Statistic 

Group PP-Statistic 

Group ADF-Statistic 

1.4573 

-2.1961** 

-1.7787** 

0.9275 

0.0140 

0.0376 

CO2= f (Q, EC) 

Alternative hypothesis: common AR coefs. (within-dimension) 

Statistics tests Statistics values Prob. 

Panel v-Statistic 

Panel rho-Statistic 

Panel PP-Statistic 

Panel ADF-Statistic 

2.4076*** 

-2.9548*** 

-2.7161*** 

-0.0804 

0.0080 

0.0016 

0.0033 

0.4680 

Alternative hypothesis: individual AR coefs. (between-dimension) 

Group rho-Statistic 

Group PP-Statistic 

Group ADF-Statistic 

-2.4298*** 

-3.2221*** 

-0.1135 

0.0076 

0.0006 

0.4548 

Note: *** and ** denote the significance level at 1% and 5%, respectively. 

 

For the first model (the relationship between energy consumption and output), the 

results of the panel ADF-statistic within dimension and the group ADF-statistic are 

significant. Other than that, the panel PP statistic and the group PP statistic are also 

significant. Therefore, the results confirm that there is a co-integrated relationship 

between energy consumption and output.  However, the other statistics (panel v-
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statistic and panel rho-statistic) do not show any significant and co-integrated 

relationship. Out of seven test statistics, four confirm the existence of co-integration 

among the variables (labour, capital, energy consumption, and output).  

 

For the second model (the relationship running from energy consumption, and output 

to CO2 emissions), the results show that several statistics, namely, panel v-statistic, 

panel PP-statistic and group PP-statistic are higher than the critical values. Out of 

seven test statistics, five confirm the existence of co-integration among the variables 

(energy consumption, output, and CO2 emissions). As the results for both of the 

models suggest that there is a co-integrated relationship among the variables, the panel 

estimation can be subsequently conducted. 

 

4.6 Panel Estimation Results  

In this study, the panel estimation tests are performed using the FMOLS approach. 

Since the FMOLS results do not capture the short run effects of energy consumption, 

this study employs the PMG and MG approaches as well.  The Hausman test is 

conducted in order to choose either PMG or MG. If the results show that it is 

significant, MG is appropriate and if it is not, PMG is appropriate. The results are 

classified into three categories:1) the effects of energy consumption on outputs, 2) the 

effects of energy consumption on CO2 emission, and 3) the effects of output on CO2 

emission.  

 

4.6.1  Results of the Effects of Energy Consumption on Outputs 

This part discusses the results of the effects of energy (oil, gas and electricity) 

consumption on aggregate output in two dimensions: short run and long run. The 
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aggregate output was calculated by totaling the output for all sectors (industrial, 

agricultural and transportation). Other than that, this part also discusses the results of 

the effects of energy consumption on output for each sector (disaggregate). The panel 

estimation is important to see the seriousness of the effects of each energy type on 

output. 

 

Table 4.4 shows the results of the long-run panel estimations for dependent variable 

lnQ. From the results, we can achieve the first objective which is to examine the effects 

of energy consumption on output in the long run. The results show that capital is one 

of the significant determinants of aggregate output. These results are consistent across 

the two methods (FMOLS and PMG) albeit with different magnitudes. The results of 

FMOLS show that the estimated coefficient of capital is positive (as expected) and 

significant at the 5% level of significance; its magnitude of 0.1510 suggests that an 

increase of 1% in capital can cause output to increase by 0.1510% in the long run.  

 

Table 4.4 

Long-Run Panel Estimation Results for Aggregate Output (Dependent Variable: lnQ) 

Long run FMOLS 

Independent Variables Coefficient t-statistic Prob. 

lnK 0.1510** 2.2086 0.0330 

lnL 0.8291*** 4.2619 0.0001 

lnO 0.0583* 1.7720 0.0840 

lnG 0.3557** 2.4094 0.0207 

lnE 0.1096* 1.8076 0.0782 

Long run PMG 

Independent Variables Coefficient z-value Prob. 

lnK 0.2942*** 3.30 0.001 

lnL 0.3492* 1.65 0.099 

lnO 0.1614*** 3.57 0.000 

lnG 0.0490*** 3.32 0.001 

lnE -0.0203 -0.88 0.379 

Long run MG 

Independent Variables Coefficient z-value Prob. 

lnK 2.5104 1.24 0.216 
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Table 4.4 (Continue) 

lnL 0.0642 0.08 0.937 

lnO 0.0213 0.13 0.899 

lnG -0.3026 -0.92 0.356 

lnE -0.0540 -1.21 0.226 

Hausman Test: 0.9091 

Note: The Hausman probability is subjected to its variance which is not positive 

definite. ***, **, and * denote the significance level at 1%, 5% and 10%, respectively. 

 

Due to the insignificant value in the Hausman test, PMG is favourable. The results of 

PMG show that the estimated coefficient of capital is positive (as expected) and 

significant at the 1% level of significance; its magnitude of 0.2942 suggests that an 

increase of 1% in capital can cause output to increase by 0.2942% in the long run.  

 

Apart from that, the results from Table 4.4 show that labour can influence aggregate 

output in the long run. The significant relationship between these two variables are 

consistently obtained from the FMOLS and PMG tests although they produce quite 

distinct results in terms of magnitude. This means that labour is an important factor in 

determining aggregate output. The results of FMOLS show that it is significant at 1%. 

The coefficient value of 0.8291 indicates that a 1% increase in labour can cause 

aggregate output to increase by 0.8291%. The results of PMG also show a positive 

relationship with a coefficient value of 0.3492. The results show that it is significant 

at 1%. Therefore, a 1% increase in labour can increase in aggregate output by 

0.3492%.  

 

Oil consumption can boost aggregate output in the long run. These findings are 

consistent using FMOLS and PMG although the magnitude of the estimated 

coefficients differ a bit. The results imply that oil consumption is undeniably related 

to aggregate output. The results from FMOLS show that there is a positive and 
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significant relationship between oil consumption and aggregate output. The coefficient 

value of 0.0583 suggests that a 1% rise in oil consumption can push aggregate output 

up by 0.0583%. This significant result are supported by the results of PMG which both 

of the tests show significant values of 1%. The results for PMG show that the estimated 

coefficient of oil consumption is positive (as expected); its magnitude of 0.1614 

suggests that an increase of 1% in oil consumption can cause output to increase by 

0.1614% in the long run. 

 

Gas consumption can also influence output in the long run. This significant result are 

supported using both FMOLS and PMG approach. The results of FMOLS show that 

it is significant at 5% and the coefficient value is 0.3557. Therefore, an increase of 1% 

in gas consumption can cause output to increase by 0.3557%. The results of PMG 

show that it is significant at 1% with its magnitude of 0.0490. Therefore a 1% increase 

in gas consumption can increase output by about 0.0490% in the long run.  

 

Electricity consumption can also influence output in the long run. It is supported by 

the results of FMOLS. The results of FMOLS show that it is significant at 10% and 

the coefficient value is 0.1096. Therefore, an increase of 1% in gas consumption can 

cause output to increase by 0.1096%.  The PMG analysis does not show any significant 

value of the relationship between gas consumption and aggregate output. However, 

FMOLS is advantageous in the group-means version for the long-run relationship 

(Madaleno, Moutinho & Mota, 2015). 

 

From the long-run estimation, we now move to the short-run estimation. In this case, 

only PMG and MG are employed since FMOLS cannot estimate the short-run 
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relationship. Table 4.5 shows the short-run effects of energy consumption on 

aggregate output using the PMG and MG approaches. Since the results of the Hausman 

test show that the Hausman statistic is not significant, PMG is favourable compared 

to MG. The findings show that the ECT value is negative and significant at 1%. The 

coefficient value is 0.7401, it means that the deviations from the long-run growth rate 

in aggregate output are corrected by 0.7401%. The results also show that labour can 

affect aggregate output in the short run. The results of PMG show that it is significant 

at 1% and the coefficient value is 0.4340, thus a 1% increase in labour can help boost 

aggregate output by 0.4340%  

 

Table 4.5 

Short-Run Panel Estimation Results for Aggregate Output (Dependent Variable: lnQ) 

Short run PMG 

Independent Variables Coefficient z-value Prob. 

lnK 0.7698 1.25 0.210 

lnL 0.4340*** 3.61 0.000 

lnO 0.0403 0.74 0.462 

lnG 0.1466 1.20 0.231 

lnE 0.0581 0.83 0.408 

Constant -3.0216 -1.41 0.160 

ECT -0.7401*** -3.70 0.000 

Short run MG 

Independent Variables Coefficient z-value Prob. 

lnK 0.2024** 2.00 0.045 

lnL 0.4968*** 4.30 0.000 

lnO 0.0685 1.19 0.234 

lnG -0.0697 -1.49 0.135 

lnE 0.0947 0.88 0.377 

Constant -22.9846 -1.40 0.161 

ECT -0.4905 -1.48 0.139 

Hausman Test : 0.9091 

Note: The Hausman probability is subjected to its variance which is not positive 

definite.  *** and ** denote the significance level at 1%, 5% and 10%, respectively. 

 

 

The results of PMG do not show any significant relationship between capital and 

aggregate output in the short run. Other than that, the results of PMG also show that 
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all energy types (oil, gas and electricity) do not have any significant effect on 

aggregate output in the short run. 

 

Besides examining the effects of energy consumption on aggregate output, we may 

also examine the effects of energy consumption on sectorial output. The idea is to see 

the relative dependence of sectorial output on energy. The economy is divided into 

three sectors consisting of agriculture, industrial and transportation, and the short-run 

effects of energy consumption on the output for each sector are analysed by conducting 

the PMG and MG tests. In view of the Hausman test result, however, this study rejects 

the use of MG in favour of PMG.  

 

Table 4.6 shows the results of short-run panel estimation for each sector. Based on the 

results, we can see which energy consumption can influence agricultural, industrial, 

and transportation sectors. It can be learnt that there is no factor influencing the 

agricultural output in the short run. In the industrial sector, labour and gas do affect 

industrial output. The coefficient value for the relationship between labour and 

industrial output is 0.6148 and it is significant at 5%. Therefore, a 1% increase in 

labour can help boost industrial output by 0.6148% in the short run. Apart from that, 

gas consumption also plays an important role in determining output in the industrial 

sector as it is significant at 1% with the coefficient value of 0.3897. Therefore a 1% 

increase in gas consumption can increase industrial output by 0.3897%. However, 

other variables such as oil and electricity consumptions do not influence the industrial 

output.  
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In the transportation sector, the results show that there is a significant relationship 

between labour and output (with its significant level of 5%). The coefficient value is 

0.4814 and therefore, a 1% increase in labour can increase output by 0.4814%.  

Besides, the results also show that there is a significant relationship between gas 

consumption and output (with significant level of 10%). The coefficient value is 

0.0501 and thus suggesting that a 1% increase in gas consumption can boost output in 

the transportation sector by 0.0501%.  However other energy types such as oil and 

electricity consumptions do not influence the output.  

 

Table 4.6 

Short-Run Panel Estimation for Sectorial Output (Dependent Variable: lnQ) 

Agriculture 

Independent variables Coefficient z-value Prob. 

lnK 1.9844 0.45 0.650 

lnL 0.2060 0.75 0.453 

lnO 0.0208 0.64 0.521 

lnG - - - 

lnE - - - 

Constant -1.2578 -1.36 0.175 

Industrial 

Independent variables Coefficient z-value Prob. 

lnK 0.3209 1.54 0.123 

lnL 0.6148** 2.35 0.019 

lnO -0.0434 -0.82 0.415 

lnG 0.3897** 2.07 0.039 

lnE 0.1976 0.70 0.484 

Constant -0.5108 -1.02 0.310 

Transportation 

Independent variables Coefficient z-value Prob. 

lnK 0.0042 0.05 0.961 

lnL   0.4814** 2.50 0.013 

lnO 0.1435 1.42 0.156 

lnG 0.0501* 1.89 0.059 

lnE -0.0234 -1.15 0.250 

Constant -7.2962*** -2.65 0.008 

Note: ***, **, and * denote the significance level at 1%, 5% and 10%, respectively. 
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4.6.1.1 Discussion on the Effects of Energy Consumption on Output 

The findings of this current study is split into two time dimensions: short run and long 

run. In the long run, energy consumption can influence economic growth in Malaysia. 

The results suggest that an increase in energy consumption can help boost economic 

growth in the long run in Malaysia. Parallel with that, any energy policy to reduce 

energy consumption might impede economic growth in Malaysia. 

 

This finding was supported by Shahiduzzaman and Alam (2012) who investigated the 

factor of energy consumption influencing output and the results indicated that energy 

consumption is as important as capital and labour in determining national output. 

However, the study used data on aggregate energy consumption without dividing into 

several energy types. Not all energy types can influence economic growth since energy 

policies nowadays have reduced some energy types. Hence, it is important to 

disaggregate energy and therefore, this current study extends the previous study by 

including oil, gas and electricity.   

 

Specifically, all energy types (oil, gas, and electricity) can affect aggregate output in 

the long run. The finding of this significant and positive relationship between oil 

consumption and national output is consistent with the finding by Aktas and Yilmaz 

(2008). The finding of the significant effects of gas consumption on output was 

supported by Shahbaz, Farhani and Rahman (2013). The finding of the existence of a 

long-run relationship between electricity consumption and output corresponds to the 

findings of Masuduzzaman (2012).  Therefore, we concluded that a decrease in any 

energy type can disrupt economic growth in Malaysia.  
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In the short run, this study found that oil consumption plays an important role in 

determining aggregate output. This finding is consistent with the finding of Naser 

(2011) who investigated the relationship between oil consumption and economic 

growth and found that economic growth is dependent on oil consumption in the short 

run. However, this study found that other energy types do not have a significant effect 

on aggregate output in the short run. Therefore, a reduction in all energy types (except 

oil), do not have any effect on sectorial output.  

 

However, gas consumption can influence output in the industrial sector and 

transportation sector in the short run. This is because the Malaysian government has 

increased the consumption of natural gas to conserve the environment. This energy 

can produce the smallest amount of CO2 emission, and thus slowing down the 

environmental degradation. The effects of gas consumption in the industrial sector is 

greater than that of gas consumption in the transportation sector. This is because the 

industrial sector consumes a larger amount of gas compared to the transportation 

sector. In 2014, the industrial sector consumed 226,506 TJ compared to 12,480 TJ 

which were consumed in the transportation sector (International Energy Agency, 

2014). 

 

Electricity consumption does not play an important role in determining output in all 

sectors in the short run. This finding is supported by the finding of Squalli and Wilson 

(2006) which stated that there is no relationship between energy consumption and 

output in UAE. An increase in electricity consumption does not matter to output in all 

sectors. This is because electricity is still consumed regardless of how many output 

are produced. Electricity is largely consumed in buildings for all sectors and it does 
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not affect output. We consume the same amount of electricity to produce more or less 

output as the size or the number of buildings remain the same, or the working hours 

remain the same.  

 

4.6.2 Results of the Effects of Energy Consumption and Output on CO2 

Emission 

This study does not only estimate the effects of energy consumption on output but also 

the effects of energy consumption and output on CO2 emission. Hence, this study is 

composed of two models to achieve all of the objectives. In order to estimate the 

effects of energy consumption and output on CO2 emission, this study employs the 

same method: FMOLS, PMG and MG. Since the results of FMOLS are not able to 

capture the short-run effects, PMG and MG are employed. The Hausman test is 

important to favour either PMG or MG method. The results of the Hausman test shows 

that the value of the probability (0.8088) is larger than 5%. Therefore, the PMG 

approach is preferred.  

 

Table 4.7 shows the results of long-run panel estimations for dependent variable 

lnCO2. From the table, we can see the effects of energy consumption and output on 

the environment in the long run. The results in the table do not include a constant value 

in the long-run estimation. This is because the long-run panel estimation usually 

removes the individual effects by rejecting the individual mean.  
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Table 4.7 

Long-Run Panel Estimation Results for Aggregate Output (Dependent Variable: 

lnCO2) 

Long run FMOLS 

Independent Variables Coefficient t-statistic Prob. 

lnQ/L 0.3946** 2.5812 0.0135 

lnO 0.5896*** 16.3412 0.0000 

lnG 0.3571*** 3.5010 0.0011 

lnE -0.0795 -1.0242 0.3117 

Long run PMG 

Independent Variables Coefficient z-value Prob. 

lnQ/L 1.0624*** [2.60] (0.009) 

lnO 0.9651*** [2.72] (0.007) 

lnG 0.1807*** [3.27] (0.001) 

lnE  -0.3989* [-1.72] (0.085) 

Long run MG 

Independent Variables Coefficient z-value Prob. 

lnQ/L 0.3493 [0.86] (0.390) 

lnO 0.7690*** [2.64] (0.008) 

lnG 0.3425 [0.99] (0.322) 

lnE    -0.1532 [-1.03] (0.301) 

Hausman Test: 0.8088 

Note: The Hausman probability is subjected to its variance which is not positive 

definite. ***, **, and * denote the significance level at 1%, 5% and 10%, respectively. 

 

The results can achieve the second objective which show that aggregate output is an 

important factor that can influence CO2 emission in the long run. The coefficient value 

is 0.3946 for FMOLS and it is significant at 5%. Therefore, an increase of 1% in output 

can cause CO2 emission to increase by about 0.3946% in the long run. The result of 

PMG also shows a positive relationship between output and CO2 emission with a 

coefficient value of 1.0624 in the long run. Therefore, an increase in output by 1% can 

increase CO2 emission by 1.0624%.   

 

Apart from that, the results from Table 4.7 also show the effects of energy (oil, gas 

and electricity) consumption on CO2 emission. The results show that oil consumption 

can influence CO2 emission in the long run. All the tests (FMOLS, PMG and MG) 

show consistent results despite different magnitudes. The significant relationship 
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between these two variables are obtained from the FMOLS, PMG and MG tests. The 

results of FMOLS show that it is significant at 1%. The coefficient value is 0.5896 

which indicates that a 1% increase in output can cause CO2 emission to increase by 

about 0.5896%. The results of PMG show there is a positive relationship with a 

different coefficient value of 0.9651 and it is significant at 1%. Therefore, a 1% 

increase in oil consumption can increase CO2 emission by about 0.9651%.  

 

The results of FMOLS and PMG also show that gas consumption can have a 

significant effect on CO2 emission whereby the coefficient values are 0.3571 and 

0.1807, respectively. Both of the tests produce consistent results albeit with different 

magnitudes. Therefore, the results of FMOLS suggest that a 1% increase in gas 

consumption can prompt about 0.3571% increase in CO2 emission. The results of 

PMG show that a 1% increase in gas consumption can cause about 0.1807% increase 

in CO2 emission.  

 

Based on the results of FMOLS, electricity consumption does not have any 

relationship with CO2 emission. However, the results are not consistent with that of 

PMG. The results of PMG show that electricity consumption can influence the 

environment in in the long run. The results of PMG show that there is a negative and 

significant relationship between electricity consumption and CO2 emission. The 

coefficient value is -0.3989. The results suggest that a 1% rise in electricity 

consumption can reduce CO2 emission by 0.3989%, respectively.  

 

As before, PMG and MG are employed to see the short-run effects of energy 

consumption and output on CO2 emission. Table 4.8 shows the short-run effects of 
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energy (oil, gas and electricity) consumption and aggregate output on CO2 emission. 

Since the results of the Hausman test show that the Hausman statistic is not significant, 

then PMG is favourable compared to MG. The findings show that the ECT value is 

negative and significant at 1%. The coefficient value is -0.7555, suggesting that the 

deviations from the long-run growth rate in CO2 emission are corrected by 0.7555%. 

The results for the effects of output on CO2 emission show that it is not significant. 

Therefore, an increase in output does not contribute to increasing CO2 emission in the 

short run. The results of PMG show that oil consumption can produce more CO2 

emission in the short run. The coefficient value is 0.5294, therefore, it suggests that a 

1% increase in oil consumption can cause CO2 emission to increase by 0.5294%. 

However, the other energy types including gas and electricity do not have any effect 

on CO2 emission. 

 

Table 4.8 

Short-Run Panel Estimation Results for Aggregate Output (Dependent Variable: 

lnCO2) 

Short run PMG 

Independent Variables Coefficient z-value Prob. 

lnQ/L -0.1572 -1.20 0.232 

lnO 0.5294* 1.71 0.087 

lnG -0.1246 -1.32 0.186 

lnE 0.0878 0.75 0.450 

Constant -1.9033 -0.93 0.353 

ECT -0.7555 *** -3.72 0.000 

Short run MG 

Independent Variables Coefficient z-value Prob. 

lnQ/L -0.1561 -1.08 0.281 

lnO -0.6562 -1.42 0.156 

lnG -0.1325 -1.31 0.190 

lnE 0.1139 0.105 0.294 

Constant -1.1391 -0.36 0.719 

ECT -0.2860 -0.95 0.344 

Hausman Test: 0.8088 

Note: The Hausman probability is subjected to its variance which is not positive 

definite. *** and * denote the significance level at 1% and 10%, respectively. 
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In this study, it is important to see the effects of energy consumption and output on 

CO2 emission for each sector. This is because we can see which energy consumption 

and which sectorial output can influence CO2 emission in the short run. Table 4.9 

shows the results of short-run panel estimation for all sectors separately.  

 

Table 4.9 

Short-Run Panel Estimation Results for Sectorial Output (Dependent Variable: 

lnCO2) 

Agriculture 

Independent Variables Coefficient z-value Prob. 

lnQ/L 0.0187 0.13 0.900 

lnO 1.0084 *** 33.10 0.000 

lnG - - - 

lnE - - - 

Constant 0.2033 0.68 0.496 

Industrial 

Independent Variables Coefficient z-value Prob. 

lnQ/L -0.4143 -1.31 0.192 

lnO -0.0498 -0.49 0.621 

lnG 0.3094 1.37 0.169 

lnE 0.3184 0.87 0.385 

Constant -6.0001 -0.95 0.344 

Transportation 

Independent Variables Coefficient z-value Prob. 

lnQ/L -0.0759 -0.54 0.587 

lnO 0.6295*** 4.38 0.000 

lnG 0.0645* 1.83 0.067 

lnE -0.0549** -2.24 0.025 

Constant 0.0868 1.04 0.297 

Note: ***, **, and * denote the significance level at 1%, 5% and 10%, respectively 

 

In the industrial sector, it is learnt that all energy types and output do not have any 

significant effect on CO2 emission. It means that an increase in energy consumption 

(oil, gas and electricity) in that sector does not contribute to increasing environmental 

degradation in Malaysia. Other than that, a rise in output in the industrial sector also 

does not cause any environmental problem.  
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In the agricultural sector, it is learnt that only oil consumption can affect CO2 emission. 

The coefficient value is 1.0084 and it is significant at 1%. Thus, it suggests that a 1% 

increase in oil consumption in the agricultural sector can increase CO2 emission by 

1.0084%. The results also show that the other energy types do not have any significant 

effect on CO2 emission. Therefore, an increase in gas and electricity consumptions do 

not result in higher CO2 emission. Apart from that, agricultural output also does not 

significantly affect CO2 emission.  

 

In the transportation sector, the coefficient value for the relationship between oil 

consumption and CO2 emission is 0.6295 and it is significant at 1%. Therefore, a 1% 

increase in oil consumption the transportation sector can contribute to increasing CO2 

emission by 0.6295% in.  Gas consumption in the transportation sector can also 

influence CO2 emission. The coefficient value is 0.0645 and significant at 10%. 

Therefore, a 1% increase in gas consumption can increase CO2 emission by 0.0645%. 

Electricity consumption can have a good effect on CO2 emission. The coefficient value 

is -0.0549 and it is significant at 5%. Therefore, a 1% increase in electricity 

consumption in the transportation sector can reduce CO2 emission by about 0.0549% 

in Malaysia. Besides, transportation output does not have any significant effect on CO2 

emission.  

 

4.6.2.1 Discussion on the Effects of Energy Consumption on CO2 emission 

In the long run, all energy types can be harmful to the environment in Malaysia except 

electricity. Therefore, a reduction in energy consumption is very important to conserve 

the environment. Energy consumption such as oil can produce CO2 emission. The 

effects of oil consumption on the environment is greater that the effects of gas 
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consumption on CO2 emission. According to the U.S Energy Information 

Administration (2016), natural gas produces a relatively lower CO2 emission. 

Alkhathlan et al. (2012) stated that an increase in energy consumption can worsen the 

environment.  

 

However, the difference between this study and Alkhathlan, Alam and Javid (2012) is 

that this current study includes several energy types to examine the effects of energy 

consumption on CO2 emission. The importance of including several energy types is to 

determine which energy types actually harm the environment. This current study 

found out that the use of electricity can reduce CO2 emission in Malaysia while the 

other energy types can increase CO2 emission.  

 

As mentioned in section 4.6, electricity consumption does not have deleterious effects 

on the environment in the long run. The findings suggest that an increase in electricity 

consumption can contribute to lower environmental degradation in Malaysia. This is 

because the country has been increasing the use of renewable energy such as hydro in 

generating electricity. According to the Malaysia Energy Statistic Handbook (2015), 

Malaysia generated electricity of 11799 GWh in 2013, which was 4909 GWh higher 

than it generated in the previous year.  The use of such energy can conserve the 

environment as it does not produce CO2 emission.  

 

In the short run, only oil consumption can affect the environment while gas and 

electricity do not. Natural gas consumption has an effect on the environment only in 

the long run. However, in the short run, it does not. This is because natural gas is 

primarily methane which has a higher energy content relative to other energy types, 
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hence it produces a relatively lower CO2 emission (U.S Energy Information 

Administration, 2016). 

 

In the agricultural sector, oil consumption can affect CO2 emission. Therefore, an 

increase in oil consumption in the sector can exacerbate the environmental degradation 

in Malaysia. The agricultural sector does not consume various types of energy 

compared to the industrial sector.  However, in the industrial sector, all energy types 

(oil, gas and electricity) are not harmful to the environment. This is because Malaysia 

implemented several environmental policies such as the restriction on pollution of the 

atmosphere [Section 22 of the Environment Quality Act, EQA, 1974 (Act 127) and 

the Environmental Quality (clean air) Regulation 2014] 1 to control air pollution 

(Regional Forum on Environmental Compliance in Industrial Sector, 2015). These 

policies affected firms in the industrial sector. 

 

In the transportation sector, various energy consumption can affect the environment. 

Oil and gas can be harmful to the environment. Therefore, an increase in those energy 

types in the sector can worsen the environmental degradation in Malaysia. The use of 

oil and gas emit CO2 emission which directly jeopardize the environment. In contrast, 

an increase in electricity consumption can reduce CO2 emission.   

 

4.6.2.2 Discussion on the Effects of Output on CO2 Emission  

In the long run, output can influence CO2 emission. This finding is supported by the 

finding of Asici (2011). Asici also used the panel data analysis to examine the effects 

                                                           
1 Restrictions on pollution of the atmosphere [refer to Appendix 6] - No person shall, unless licenced, 

emit or discharge any wastes into the atmosphere in contravention of the acceptable conditions specified 

under section 21 (EQA, 1974). 
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of output on CO2 emission. However, the study did not consider sectorial output in the 

study and therefore the study was unable see which sector is dependent on energy 

consumption and which sector is not. Some energy policies are implemented and 

enforced in certain sectors such as industry in Malaysia. Therefore, it is important to 

examine and see the effects of industrial output on CO2 emission in Malaysia.  

 

In the short run, aggregate output does not influence CO2 emission in Malaysia. In 

each sector (industry, transportation and agriculture) output does not have any effect 

on CO2 emission. This is because, output in the short run is not as much as output in 

the long run. Hence, it can have an effect on CO2 emission only in the long run. 

 

4.7 Summary  

This chapter is intended to achieve the objectives of this study: to investigate the 

effects of energy consumption on output in the short and long runs, to explore the 

effects of energy on CO2 emission in the short and long runs, and to examine the 

impacts of output on CO2 emission in the short and long runs. This study employed 

panel unit root tests, panel co-integration (Pedroni) and panel estimation (FMOLS, 

PMG and MG). 

 

The first objective is to investigate the effects of energy consumption on output in the 

short and long runs. Based on the results, it is learnt that all the energy types, namely, 

oil, gas electricity consumptions can positively influence aggregate and sectorial 

output in the long run. However, in the short run, all the energy types do not affect 

aggregate and sectorial output in Malaysia. In the industrial and transportation sectors, 
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gas consumption can enhance output. In the agricultural sector, no energy types can 

significantly affect output.  

 

The second objective is to explore the effects of energy on CO2 emission in the short 

and long runs. It was found that oil and gas consumptions can have negative effects 

on aggregate CO2 emission in the long run. Meanwhile, the electricity consumption 

can have a positive effect on aggregate CO2 emission in the long run.  However, in the 

short run, there is only one energy type (oil) that can affect the environment of 

Malaysia.  Meanwhile, the other energy types cannot affect the environment. Oil 

consumption can cause negative effects on the environment in the industrial and 

transportation sectors, while gas consumption can give negative effects on the 

environment in the transportation. However, the electricity consumption can reduce 

the effects on the environment in Malaysia.  

 

The third objective is to examine the impacts of output on CO2 emission in the short 

and long runs. The results indicated that it does in the long run only. However, in the 

short run it does not give any impact to CO2 emission. In all the sectors (agriculture, 

industry, and transportation), there is no relationship between every different sectorial 

output and CO2 emission.  
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CHAPTER FIVE 

CONCLUSION 

 

5.1 Introduction 

This chapter aims at giving a coherent overview of the thesis. The findings of the 

present study serve no purpose unless the discussion is moved towards the future 

development while considering some implications for the future policies pertaining to 

the issue of energy consumption and the national output. To do this, a summary of the 

research aim, questions, rationale, followed by the summary of findings are revisited. 

The summary of the findings is organised according to the research objectives as to 

provide a coherent overview of the thesis that allows for a conversation on the study’s 

implications. Suggestions, strengths, and limitations of the study are given pursuant to 

the implications discussed. It concludes with some reflections as to further avenues of 

research.  

 

5.2 Recapitalisation of Findings 

The issue of energy consumption has been extensively debated in much literature as it 

has considerable potentials to influence the national output of a country. Noteworthy, 

energy consumption has the similar influence as that of labour and capital, with 

regards to economic growth. The understanding that energy is consumed to generate 

economic activities and thus its absence can stunt economic growth prevails in every 

individual country. Hence, energy is perceived to be vital in all sectors encompassing 

industrial, transportation and agriculture sectors.  
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In comparison, the industrial sector consumes the largest amount of energy compared 

to the other sectors. In terms of the energy source, it is not limited to one kind of energy 

being consumed to fuel economic growth. However, each type of energy source 

perhaps does not play an equal role to boost the economy judging by the nature of its 

sectorial consumption. For example, in 2014, the industrial sector consumed 63205 

GWh of electricity, 1,477,000 tonnes of oil, and 226506 TJ of gas (International 

Energy Agency, 2014). These figures indicate the country’s dependence on numerous 

types of energy source.  

 

Despite its importance, energy consumption has fuelled debate among scholars and 

academics in terms of the alarming environmental problem inflicted on the country. It 

is argued that a larger consumption of energy can produce more CO2 emission, thus 

affecting the air quality. Thus far, reports have been extensively documented on the 

inextricable association between CO2 emission and the industrial, transportation as 

well as the agricultural sector. For instance, the agricultural sector is reported to emit 

1.52% of CO2 in 2013 in Malaysia (World Bank, 2015). Due to the alarming 

environmental problems that are being lamented in our society, the government has 

implemented several policies to conserve the environment.   

 

However, these policies seem to remain ineffective as the environmental degradation 

is still on the rise. Therefore, these issues merit serious and meticulous attention thus 

triggering the researcher to embark on the study aiming at achieving the following 

objectives:  

i) To investigate the effects of energy consumption on output in the short and 

long runs. 
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ii) To explore the effects of energy on CO2 emission in the short and long runs. 

iii) To examine the impacts of output on CO2 emission in the short and long runs. 

 

To achieve the objectives, this study employed the panel data analysis which is 

composed of unit root, Co-integration, FMOLS, and PMG. In so doing, the data for 

the period 1990-2014 were analysed. The results of unit root test using ADF approach, 

suggest that all the variables used in this study are not stationary at level but stationary 

at first difference. Therefore, panel Co-integration was employed to determine the 

existence of co-integration among the variables for both models (the effects of energy 

consumption on sectorial output, and the effects of energy consumption and sectorial 

output on CO2 emission).  

 

The findings disclose that there is an existence of co-integration for both models. 

FMOLS and PMG tests were conducted to answer the questions of this current study. 

To shed some lights on the findings, this current study discusses two-time horizons: 

short and long runs. In addition, this study also emphasizes three types of energy 

source (oil, gas, and electricity) in three sectors (industry, agriculture and 

transportation). The discussion of these findings is organised according to the research 

objectives.  

 

5.2.1 To Investigate the Effects of Energy Consumption on Output.  

This section will discuss several perspectives. First is the effects of energy 

consumption in the long run, second is on the short run and third is on the sectorial 

effects. This study found that in the long run, aggregate output is dependent on energy 

consumptions. However, in the short run, energy consumption does not play an 
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important role in determining the output. In comparison with the work of Saidi, 

Rahman and Amamri (2017) who used panel data analysis on 53 countries and did not 

classify the energy sources, the long-run analysis reported a similar result with the 

present study. What differs is that their study also found a significant effect of energy 

consumption on output, in the short run. This is because this present study focuses on 

disaggregate output rather than aggregate output.  

 

While in the study by Carmona, Feria, Golpe and Iglesias (2017), using two 

classifications of energy, i.e. renewable and non-renewable energy, it was found that 

only petroleum consumption was found to be a determinant of economic growth in the 

United States. The different economic status and pattern of energy used between 

Malaysia and the United States might account for the different findings between these 

two studies. While, Sarwar, Chen, and Waheed (2017) who explored several energy 

types, namely oil, coal and electricity in 200 countries, found a relationship between 

electricity consumption and economic growth. However, their study did not explore 

the influence of the energy consumption on sectorial output.  

 

With regards to sectorial outputs, the present study found that gas consumption is the 

most influencing factor to the industrial and transportation sectors compared to other 

types of energy (oil and electricity). The classification of sectorial output used in the 

present study distinguishes it from the work of Carmona et al. (2017). The latter only 

studied the overall consumption of energy (renewable and non-renewable) on 

economy output without considering the effects of consumption in different sectorial 

output. 
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5.2.2 To Examine the Impacts of Energy Consumption on CO2 Emission.  

This current study found that in the long run, all energy types can cause environmental 

degradation in Malaysia except for electricity. In the short run, only oil consumption 

can affect the environment. Mirza and Kanwal (2017) also examined the effects of 

energy consumption on CO2 emission in the long and short run in Pakistan. The results 

showed that energy consumption can cause CO2 emission to escalate in the long and 

short run in Pakistan. However, Mirza and Kanwal (2017) did not classify energy into 

several types such as oil, gas and electricity. The study considered overall energy 

consumption without identifying which energy type can have a deleterious effect on 

the environment.  

 

Amri (2017) investigated the non-renewable and renewable energy consumption on 

CO2 emission in Algeria. However, the study still did not specify which non-renewable 

energy can be detrimental to the environment. Salahuddin, Alam, Ozturk and Sohag 

(2017) on the other hand only considered electricity consumption in exploring the 

effects of energy on CO2 emission. The results indicated that electricity consumption 

can affect CO2 emission.  

 

In regards to sectorial energy, Talbi (2017) confirmed that oil used in the 

transportation sector can increase CO2 emission in Tunisia. However, the study only 

focused on one type of energy (oil) and one sector (transportation) only. This current 

study also found that oil consumption in the transportation sector can increase CO2 

emissions. This current study also explores the effects of several energy types which 

include gas and electricity usage in the transportation sector on CO2 emissions. The 

results showed significant effects of those energy types on CO2 emissions.  
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Apart from that, there is no effect of all energy types consumed in the industrial sector 

on CO2 emission in Malaysia. This is because of the strict environmental regulations 

in the industrial sector. Oil consumed in the agriculture sector can affect the 

environment. Other types of energy consumed in the sector do not cause any 

environmental degradation. Energy consumed in the transportation sector can have a 

detrimental effect on the environment.  

 

5.2.3 To Examine the Impacts of Output on CO2 Emission.  

Output can influence CO2 emissions in the long run. On the other hand, output was 

found to not influence CO2 emission in Malaysia in the short run. Narayan, Saboori 

and Soleymani (2015) have also investigated the relationship between energy 

consumption and output in 181 countries.  However, their results are mixed; some 

studies such as Apergis and Payne (2010), Asici (2011) and Li et al. (2011) found that 

there is a positive relationship between output and CO2 emission, confirming the 

existence of EKC and this result is consistent with that of this current study. Some 

countries exhibit a negative relationship between output and CO2 emission, suggesting 

that an increase in output can reduce CO2 emission. Nevertheless, Narayan, Saboori 

and Soleymani (2015) did not state the output of which sector can influence CO2 

emission while this current study included which sector’s output can cause CO2 

emission to intensify.  

 

This current study included some sectors such as industry, transportation and 

agriculture. However, the findings did not show any significance across the sectors.  

Chen, Wu, Geng and Yu (2016) also investigated across several sectors including the 

industrial sector and others in China. Their findings showed that construction produces 

http://www.sciencedirect.com/science/article/pii/S235248471500013X#br000235
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the most emission followed by the industrial sector. However, this study did not 

discover the contribution of output in the specific agricultural sectors. The agricultural 

sector should be addressed in this study as this sector also consumes oil energy in 

generating its activity.  

 

5.3 Key Contribution to the Literature 

Studies on the effects of energy types (oil, gas and electricity) from various sectors on 

sectorial output (agricultural, industrial and transportation sectors) and CO2 emission 

are still sparse. Based on the previous literature, it can be learnt that most previous 

studies only focussed on total energy consumption on aggregate output rather than 

energy types and disaggregate output. Therefore, this present study is important to 

contribute in terms of its novelty to the literature. The findings obviously show that 

oil consumption can have deleterious effects on transportation and agricultural output. 

Besides, gas consumption in the transportation sector was found to boost industrial 

output but increase CO2 emission in the transportation sector. Electricity consumption 

does not have any unfavourable effect on the environment as it can reduce CO2 

emission not only in the long run but also in the short run in the transportation sector. 

Therefore, these findings can cater for the need to understand which energy type can 

be detrimental to the environment. 

 

5.4 Policy Implication 

These findings are important to help government agencies especially the Department 

of Environment of Malaysia improve the existing policies or formulate new policies. 

Other than that, the findings can also furnish firms from various sectors with 

information on the deleterious effects of non-renewable energy consumption on the 
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environment. As a result, firms can be imbued with environmental awareness. 

Generally, this study found that electricity can increase output in tandem with a 

reduction in CO2 emission. The reason that electricity can reduce CO2 emission is that 

this type of energy is generated by higher renewable energy such as hydro. Therefore, 

it is tenable that using more electricity is favourable.   Electricity is mostly consumed 

in the industrial sector, compared to the other sectors (agriculture and transportation). 

While oil and gas are more widely used in the agriculture and transportation sectors, 

the unfavourable fact is that oil and gas have a long-term impact on CO2 emissions. It 

exacerbates the perplexity when the results also show that oil and gas can spur output 

to growth. The government may apply carbon dioxide removal (CDR) to reduce CO2 

emission in the air. This move can benefit firms which produce a large amount of CO2 

emission as their output will not be affected.  

 

It is profoundly understood that plants absorb CO2 in the air to form organic carbon 

(Department of Agriculture Australia, 2013). However, too much CO2 emissions will 

adversely affect agricultural land, community, and water (for agricultural areas near 

the river). This is a particularly worrying circumstance in Malaysia since to date, there 

is absence of control measure on CO2 emissions imposed on all sectors. Hence, 

monitoring the activities done on these sectors is a good move. As an alternative for 

the oil and gas consumption, the Government should intensively initiate energy 

options such as the renewable ones. This is because non-renewable oil consumption 

such as diesel and petrol (fossil) will eventually be exhausted due to uncontrolled use 

(Darmanto & Sigit, 2006). Moreover, the mismanagement of oil will lead to air 

pollution through the release of CO2 emissions. 

 



112 
 

Since agriculture and transportation consume more energy in the form of oil and gas 

compared to electricity, the Pollution Act, which was only imposed on the industrial 

sector should also be applied to the agriculture and transportation sectors. Therefore, 

the government should introduce new policies or at least improve existing policies to 

be applied to both agriculture and transportation sectors. The improvement of the 

existing act by the authorities is essential to help reduce pollution and CO2 emissions 

in Malaysia. 

 

Therefore, authorities need to reduce these non-renewable oil consumption and 

Malaysia may consider implementing eco-driving training in agriculture as an 

integrated production as conducted by some European countries. This eco-driving is a 

way of driving which can reduce fuel consumption, and thus conserve the environment 

(Domingo, Miguel & Hurtado, 2014). This eco-driving can also be applied to farming 

farms. In the European countries, this move has successfully reduced CO2 emission. 

Besides, the provision of animal placement areas should be given attention. Various 

strategies can be developed to optimize the use of machinery. For example, using 

animals on farms can reduce fuel consumption.   

 

In addition to oil reduction, electricity reduction should also be given special attention 

by policymakers in Malaysia. Electricity generation which also uses non-renewable 

such as oil needs to be controlled and replaced with renewable energy. Although 

electricity has less impact on the release of CO2 emissions than oil and gas, from a 

point of view, the use of electricity generated by oil and gas should be reduced as oil 

and gas are harmful to the environment.  
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5.4.1 Renewable Energy 

Renewable energy refers to energy generated from natural sources and can be renewed 

from time to time. It is an alternative source for non-renewable oil. According to 

Ciolkosz (2017), renewable energy is not harmful to the environment, but it is a low 

impact, particularly on CO2 emissions. The energy produced from the sun, plants, 

water and other natural elements are fundamental to renewable energy. There are 

several numbers of renewable energy that can be considered by policy makers in 

Malaysia, either to improve existing policies or implement new policies that have been 

adopted by other countries such as biomass, biodiesel, biofuels, biogas, solar, 

hydroelectric and geothermal.  

 

5.4.1.1 Biomass 

The findings show that the use of oil in the transportation and agricultural sectors do 

not boost output but can result in higher CO2 emissions in Malaysia. Therefore, these 

findings can shed some light to policy makers so that policies on a reduction in oil 

consumption can be formulated. This hazardous energy can be replaced by biomass. 

Biomass is a renewable resource originated from living organisms such as wood, waste 

and alcohol oil (Ciolkosz, 2017) which can replace the use of fossil oil (Domingo et 

al., 2014). According to reports of International Energy Agency (2014), both 

agricultural and transportation sectors in Malaysia consumed 975,000 tonnes and 

20,998,000 tonnes of oil, respectively in 2014 and no biomass consumption was 

reported.  The use of biomass can reduce CO2 emissions and the cost of buying non-

renewable fossil oil (Domingo, Miguel & Hurtado, 2014). Therefore, the government 

can introduce the use of biomass so that firms from the agricultural and transportation 

sectors can benefit from it and thus the environment can be conserved.   
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5.4.1.2 Biodiesel 

We learn from the current findings that the use of oil in the transportation and 

agricultural sectors can contribute to air pollution without increasing output. 

Therefore, the use of renewable energy, particularly biodiesel can improve the quality 

of our environment. According to reports of the Malaysia Energy Statistics Handbook 

(2015), the transportation sector consumed biodiesel as much as 188,000 tonnes of oil 

equivalent in 2013. The use of this renewable energy should be increased in the 

transportation sector to reduce CO2 emissions as much as we can. An alternative to 

diesel, which is non-renewable oil, biodiesel is produced through vegetable oil 

(Ciolkosz, 2017). Malaysia as one of the oil palm producing countries has conducted 

experiments on biodiesel produced from palm oil (Haryanto, 2002). The government 

should use this opportunity to produce biodiesel more efficiently through 

improvements in existing policy. This is because biodiesel can potentially help 

develop not only the transportation sector but also the agriculture sector in Malaysia 

while reducing air pollution.  

 

5.4.1.3 Biofuels 

The findings show that it is important for the policy makers to address the issue of oil 

and gas consumption in the transportation sector as it can have undesirable effects on 

CO2 emission. To ensure that this problem can be alleviated, biofuels can be replaced. 

According to Darmanto and Sigit (2006), the value of CO2 emissions is low for 

biofuels compared to oil and gas. This suggests the biofuels potential in reducing CO2 

emissions in Malaysia. Therefore, efforts to use biofuels as an alternative to oil and 

gas should be initiated by shuffling relevant policies. Policymakers can implement or 

improve existing policies related to these biofuels from time to time. The National 
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Biofuels Policy which has been introduced since 2005 (Bernama, 2010) should be 

improved so that the replacement of non-renewable energy with biofuel energy can be 

intensified. It is also timely that policy with regards to innovation in biofuels as a 

substitute for oil and gas in the transportation sector is given a serious attention by 

policy makers in Malaysia in line with Indonesia, which has also used these biofuels 

in their transportation industry (Mulyana & Istiqomah, 2013; Darmanto & Sigit, 

2006). 

 

5.4.1.4 Biogas 

The results show that gas can boost industrial output but can contribute to CO2 

emission in the transportation sector. Therefore, it is important for the policy makers 

to formulate policies to ensure a reduction in CO2 emission in the transportation sector. 

The use of biogas can play a role as important as gas consumption. Since Malaysia 

has not been using biogas in the transportation sector (Malaysia Energy Statistics 

Handbook, 2015), the country should introduce the use of biogas to decrease gas 

consumption. This effort can reduce the dependence on non-renewable energy, which 

can be detrimental to the environment, and thus CO2 emission can be decreased 

simultaneously. Other than that, from the findings, firms in the transportation sector 

can have the awareness of the negative effects of gas consumption on the environment. 

Thus, they should move towards using biogas instead of gas.  

 

5.4.1.5 Solar 

As oil consumption can be detrimental to the agricultural and transportation sector. 

The policymakers can formulate policies on the replacement of non-renewable oil with 

solar. Solar energy can be used in the industrial, agricultural and transportation sectors. 
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Solar generates electricity from sunlight through the solar radiation grid (Domingo, 

Miguel & Hurtado, 2014). This solar energy generation indirectly reduces costs and 

minimizes CO2 emissions. Hence, policymakers should consider the appropriate way 

to move Malaysia to increase the use of solar energy, especially in the transportation 

and agricultural sectors as the use of oil in these sectors can cause CO2 emissions to 

escalate. In addition, policymakers may also implement or improve existing policies 

related to the use of this solar energy more widely in all sectors covering the 

agriculture sector, industrial sector, and transportation sector. 

 

5.4.1.6 Hydroelectric 

The findings show that electricity can reduce CO2 emission not only in the long run 

but also in the short run in the transportation sector. In 2013, Malaysia generated 

53,663 GWh of electricity from coal and 11,799 GWh from hydro. The government 

should increase the electricity generation from hydro to reduce more CO2 emissions. 

Besides, this move can also reduce its dependence on non-renewable energy. 

Hydroelectricity is also one of the alternative ways to reduce non-renewable fuel 

consumption. According to Alberta Utilities Commission (2011), hydroelectric power 

generation is one of the cleanest energy production forms which in turn can reduce 

CO2 emissions. Therefore, developing and strengthening the hydroelectric system in 

Malaysia as well as improving and revising the relevant policies is a potential 

alternative to saving the environment.  

 

In Malaysia, several hydroelectric dams have been developed such as the Bakun 

hydroelectric dam in Sarawak and another one in Temenggor, Perak. This 

hydroelectric pump operates by converting the flow of water that runs through the 
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turbine into mechanical energy, which in turns converts this mechanical energy into 

electricity. The higher the turbine position and the larger flow of water, the more 

energy it can generate (Truckee Meadows Water Authority, 2015). 

 

5.4.2 Kyoto Protocol 

Despite the fact that Malaysia has been adopting the Kyoto Protocol policy, CO2 

emission is still on the rise. The energy types (oil, gas and electricity) are found to 

boost output but contribute to CO2 emission in the long run. The Kyoto Protocol which 

was introduced in 1997 in Kyoto, Japan is an international agreement aimed at 

reducing CO2 emissions caused by the greenhouse effect. Among the emphasis in the 

Kyoto Protocol is a commitment to fight global warming and reducing the CO2 

emission impacts caused by human actions (Khan, 2002). The implementation of the 

Kyoto Protocol in Japan has been successful as more than 100 countries have adopted 

the Kyoto Protocol policy. Somehow this policy appears to be ineffective and merits 

improvements in Malaysia.   

 

To ensure the efficiency of its implementation, systematic and regular monitoring 

system should be executed consistently that demands the commitment from the 

policymakers. In order to accomplish the mission, policy makers need to establish 

partnerships with external agencies from foreign countries, particularly from Japan. 

This is particularly important to ensure the correct procedural implementation of the 

Kyoto Protocol in Malaysia, hence ensuring the successful target of reducing the CO2 

emissions to the environment. Apart from that, this policy can be improved by 

reducing CO2 emissions in each sector rather than overall. Since a rise in oil 
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consumption in the agricultural and transportation sectors can result in higher CO2 

emissions, thus it is vital to implement a reduction in CO2 emissions in those sectors.  

5.4.3 Carbon Pollution Reduction Scheme 

From the findings, it can be learnt that all energy types that can contribute to CO2 

emission in the long run and Malaysia is not the only country that is facing the 

aftermath of uncontrolled CO2 emission. Therefore, these findings will serve as an 

informative guideline to the policy makers to formulate policies or improve the 

policies. The similar problem is also lamented by other countries such as Australia and 

China. To date, a scheme to address such problem is called Carbon Pollution 

Reduction Scheme. It has two sections, namely carbon footprint, and carbon tax. 

Malaysia should take seriously the conduct of this scheme as to retard the pollution 

caused by carbon deposition into the atmosphere.  

 

5.4.3.1 Carbon Footprint 

The carbon footprint refers to the process of greenhouse gas emissions resulting from 

fuels such as vehicle emissions, electricity, heating, and air leakage in the environment 

(Holtry et al., 2009) hence, posing a serious hazard to the environment (International 

Union of Railways, 2016). In other words, it is the measure of carbon dioxide and 

other carbon compounds amount emitted by a person, individual, organisation, etc. 

due to the consumption of fossil fuels. Even though Malaysia has initiated the 

authorisation of carbon footprint implementation, its reinforcement should be closely 

monitored and constantly revised. This is to ensure that the CO2 emissions can be 

reduced not only in the agriculture sector but also for the transportation sector. 
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5.4.3.2 Carbon Tax 

The imposition of carbon tax can actually help in reducing CO2 emissions. For 

premises with higher chances of emitting high CO2 through their activities, appropriate 

measures should be executed to ensure that any offense with regards to excessive 

emission of CO2 is subjected to the carbon tax law. And at the same time, the level of 

Malaysian technology can be improved through the production of efficient renewable 

energy and so on. As a measure to curb the uncontrolled emission of CO2, any 

international network between Malaysia and foreign countries should include 

carbon/credit trading.  

 

In addition, if policy makers manage to reduce this CO2 emission problem in Malaysia, 

Malaysia can indirectly create an international network with countries that have not 

implemented it through carbon/credit trading.  According to Zhang et al. (2013), 

international intervention such as carbon/credit trading can accelerate the 

technological progress of a country. Policymakers can implement or improve the 

existing carbon-related tax policies more widely across sectors including the 

agriculture sector, industrial sector, and transportation sector. 

 

5.5 Limitation of the Study 

The study managed to access data from only three sectorial output (industrial, 

agricultural and transportation). This circumstance has minimised the researcher’s 

effort in carrying out a more detailed study that includes sub-sectors. Besides, data on 

energy consumption from various sectors was also not accessible except for the three 

mentioned above. The findings will be more intriguing if this study can include sub-

sectors rather than only the main sectors. For example, in the transportation sector 
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there are various modes of transportation such as flight, water and lands. If we divert 

our focus from general sectors to subsectors, we can discover which mode of 

transportations can increase the environmental degradation and thus policies are easier 

to be formulated.   

 

The energy types included in this study is limited to non-renewable energy such as oil, 

gas, and electricity. The effects of renewable energy sources such as hydro, biomass, 

and solar on the sectorial output were not considered. It will be more interesting and 

intriguing if this study can extend the investigation on the renewable energy. We can 

compare the effects of non-renewable and renewable energy consumptions on the 

environment. Despite the fact that we move towards using renewable energy, it is still 

not be effective if there is inadequate enforcement. 

 

Furthermore, the period of data used for the analysis ranging from 1990 to 2014 may 

seem short. However, the employment of panel data analysis in this study is good 

enough to achieve the objectives. This study will be more interesting, if the data period 

is longer and that we can analyse the effects in two periods: before and after the Four-

fuel diversification.  Apart from that, this limitation denies the study to use a higher 

number of lags for all variables in the model using the PMG analysis. The use of the 

higher number of lags especially in the dynamic analysis is important as it can capture 

the real effects of energy consumption on sectorial output, and the real effects of 

energy consumption and sectorial output on CO2 emission in Malaysia,  

 

Therefore, better emphasis on the collection of data and data reporting by using 

monthly or quarterly data which have a higher number of frequency can be made to 
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improve the findings. Hence, more reliable sources to formulating policies. The data 

should be easily accessed as they are vitally important so that the revision of the 

policies can be meticulously made.  

 

5.6 Future Study  

This study has provided an empirical evidence on the effects of energy consumption 

on sectorial output, and the effects of energy consumption and sectorial output on CO2 

emissions in Malaysia. This study also considers different sources of energy such as 

oil, electricity, and gas in influencing sectorial output and the environment. However, 

considering the popularity of renewable energy recently and that Malaysia has also 

started to use this kind of energy several years ago, it is critical to investigate the 

renewable energy influence on the environment and the national output. This new 

perspective will shed more light on the extent to which Malaysia can potentially reduce 

the deleterious effects of CO2 emission on the environment and increase output in 

tandem.  

 

In future, this study can be expanded by addressing the sectors of mining and 

quarrying, services and etc. These sectors also play important roles in determining 

national output. Therefore, it will elicit better results of the effects of energy 

consumption on sectorial output if we highlight the sectors.  

 

In future, this study can include the effects of energy consumption before Four-fuel 

diversification policy is implemented. This will build up a better picture of how the 

policy works in the country as we can see whether the policy can improve the 

environmental degradation.   
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5.7  Summary 

This study has successfully achieved the objectives by using the panel data analysis.  

This study used two models to investigate the effects of energy consumption on output, 

and the effects of energy consumption and output on CO2 emissions. This study 

suggested energy consumptions as an important factor on national output, especially 

in the long run. In particular, gas consumption was found to be important in the 

industrial and transportation sectors while oil consumption in the agricultural sector 

can be detrimental to the environment. In a similar vein, the CO2 emissions from the 

transportation sector are contributed by oil, electricity and gas consumptions.  

 

Most of these findings have been supported by previous studies except for the 

agricultural sector as it has been sparsely explored by previous studies. The findings 

of the relationship between energy consumption and output, energy consumption and 

CO2 emissions, and output and CO2 emissions should merit attention from 

policymakers to formulate the right policies. This is to ensure that Malaysia supports 

sustainable development, which means that economic growth can be enhanced without 

affecting the environment. As a result, the vision to upgrade Malaysia as a developed 

country with sustainable environment in 2020 can be accomplished.  
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APPENDIX A 

Descriptive Statistics 
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APPENDIX B 

Unit Root Test 

 

Panel unit root test: Summary   

Series:  LNCO2   

Date: 02/21/17   Time: 10:20  

Sample: 1990 2014   

Exogenous variables: Individual effects 

User-specified lags: 1   

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -1.10371  0.1349  3  69 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat   0.17503  0.5695  3  69 

ADF - Fisher Chi-square  4.49606  0.6099  3  69 

PP - Fisher Chi-square  7.16476  0.3059  3  69 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 

 

 

 

Panel unit root test: Summary   

Series:  D(LNCO2)   

Date: 02/21/17   Time: 10:23  

Sample: 1990 2014   

Exogenous variables: Individual effects 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -8.00983  0.0000  3  69 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -7.51260  0.0000  3  69 

ADF - Fisher Chi-square  50.9798  0.0000  3  69 

PP - Fisher Chi-square  50.9316  0.0000  3  69 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
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Panel unit root test: Summary   

Series:  LNCO2   

Date: 02/21/17   Time: 10:23  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

User-specified lags: 1   

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t*  0.62467  0.7339  3  69 

Breitung t-stat  0.36951  0.6441  3  66 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat   1.00363  0.8422  3  69 

ADF - Fisher Chi-square  2.03896  0.9161  3  69 

PP - Fisher Chi-square  3.46535  0.7486  3  69 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
 

 

 

 

Panel unit root test: Summary   

Series:  D(LNCO2)   

Date: 02/21/17   Time: 10:24  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -7.02832  0.0000  3  69 

Breitung t-stat -3.55750  0.0002  3  66 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -6.71871  0.0000  3  69 

ADF - Fisher Chi-square  41.3626  0.0000  3  69 

PP - Fisher Chi-square  41.6789  0.0000  3  69 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
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Panel unit root test: Summary   

Series:  LNE    

Date: 02/21/17   Time: 10:25  

Sample: 1990 2014   

Exogenous variables: Individual effects 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -0.71961  0.2359  1  23 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat   0.64725  0.7413  1  23 

ADF - Fisher Chi-square  0.52941  0.7674  1  23 

PP - Fisher Chi-square  0.74617  0.6886  1  23 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 

 

 

 
Panel unit root test: Summary   

Series:  D(LNE)   

Date: 02/21/17   Time: 10:25  

Sample: 1990 2014   

Exogenous variables: Individual effects 

Automatic selection of maximum lags  

Automatic lag length selection based on AIC: 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -7.99752  0.0000  1  23 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -7.12182  0.0000  1  23 

ADF - Fisher Chi-square  28.2539  0.0000  1  23 

PP - Fisher Chi-square  43.8305  0.0000  1  23 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
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Panel unit root test: Summary   

Series:  LNE    

Date: 02/21/17   Time: 10:26  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

Automatic selection of maximum lags  

Automatic lag length selection based on AIC: 0 

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -3.37000  0.0004  1  23 

Breitung t-stat -2.42029  0.0078  1  22 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -2.32363  0.0101  1  23 

ADF - Fisher Chi-square -1.03794  0.1526  1  23 

PP - Fisher Chi-square  8.14456  0.0170  1  23 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
 

 

 

 

Panel unit root test: Summary   

Series:  D(LNE)   

Date: 02/21/17   Time: 10:26  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

Automatic selection of maximum lags  

Automatic lag length selection based on AIC: 0 

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -6.95478  0.0000  1  23 

Breitung t-stat -5.10802  0.0000  1  22 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -6.61594  0.0000  1  23 

ADF - Fisher Chi-square  24.0002  0.0000  1  23 

PP - Fisher Chi-square  112.149  0.0000  1  23 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 

 

 

 



147 
 

Panel unit root test: Summary   

Series:  LNG    

Date: 02/21/17   Time: 10:27  

Sample: 1990 2014   

Exogenous variables: Individual effects 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 to 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -1.13888  0.1274  2  47 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat   0.29976  0.6178  2  47 

ADF - Fisher Chi-square  2.28352  0.6838  2  47 

PP - Fisher Chi-square  2.10079  0.7172  2  48 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
 

 

 

 

 

Panel unit root test: Summary   

Series:  D(LNG)   

Date: 02/21/17   Time: 10:27  

Sample: 1990 2014   

Exogenous variables: Individual effects 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 to 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -3.07559  0.0011  2  45 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -3.33939  0.0004  2  45 

ADF - Fisher Chi-square  18.6918  0.0009  2  45 

PP - Fisher Chi-square  25.1414  0.0000  2  46 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
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Panel unit root test: Summary   

Series:  LNG    

Date: 02/21/17   Time: 10:27  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 to 4 

Newey-West automatic bandwidth selection and Bartlett kernel 

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t*  0.57588  0.7177  2  47 

Breitung t-stat  0.83899  0.7993  2  42 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -0.22730  0.4101  2  47 

ADF - Fisher Chi-square  5.27929  0.2598  2  47 

PP - Fisher Chi-square  0.63394  0.9592  2  48 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 

 

 

 

Panel unit root test: Summary   

Series:  D(LNG)   

Date: 02/21/17   Time: 10:28  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 to 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -2.55165  0.0054  2  45 

Breitung t-stat -2.71857  0.0033  2  43 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -2.86426  0.0021  2  45 

ADF - Fisher Chi-square  15.7183  0.0034  2  45 

PP - Fisher Chi-square  21.0132  0.0003  2  46 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
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Panel unit root test: Summary   

Series:  LNK    

Date: 02/21/17   Time: 10:29  

Sample: 1990 2014   

Exogenous variables: Individual effects 

Automatic selection of maximum lags  

Automatic lag length selection based on AIC: 0 

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -2.09098  0.0183  3  72 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat   0.42863  0.6659  3  72 

ADF - Fisher Chi-square  4.95024  0.5502  3  72 

PP - Fisher Chi-square  21.4789  0.0015  3  72 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 

 

 

 

Panel unit root test: Summary   

Series:  D(LNK)   

Date: 02/21/17   Time: 10:30  

Sample: 1990 2014   

Exogenous variables: Individual effects 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 to 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -3.44741  0.0003  3  68 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -3.24536  0.0006  3  68 

ADF - Fisher Chi-square  21.7433  0.0013  3  68 

PP - Fisher Chi-square  23.3722  0.0007  3  69 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
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Panel unit root test: Summary   

Series:  LNK    

Date: 02/21/17   Time: 10:29  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 to 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -2.93544  0.0017  3  71 

Breitung t-stat  2.05458  0.9800  3  68 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -0.68656  0.2462  3  71 

ADF - Fisher Chi-square  9.66574  0.1395  3  71 

PP - Fisher Chi-square  21.6771  0.0014  3  72 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 

 

 

 

 

Panel unit root test: Summary   

Series:  D(LNK)   

Date: 02/21/17   Time: 10:30  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -4.51530  0.0000  3  69 

Breitung t-stat -3.80199  0.0001  3  66 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -4.06219  0.0000  3  69 

ADF - Fisher Chi-square  24.8429  0.0004  3  69 

PP - Fisher Chi-square  24.8612  0.0004  3  69 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
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Panel unit root test: Summary   

Series:  LNL    

Date: 02/21/17   Time: 10:31  

Sample: 1990 2014   

Exogenous variables: Individual effects 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -1.01880  0.1541  3  72 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -0.11018  0.4561  3  72 

ADF - Fisher Chi-square  6.57694  0.3617  3  72 

PP - Fisher Chi-square  6.32055  0.3883  3  72 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 

 

 

 
 

Panel unit root test: Summary   

Series:  D(LNL)   

Date: 02/21/17   Time: 10:32  

Sample: 1990 2014   

Exogenous variables: Individual effects 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -7.51086  0.0000  3  69 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -6.56123  0.0000  3  69 

ADF - Fisher Chi-square  44.2361  0.0000  3  69 

PP - Fisher Chi-square  44.2372  0.0000  3  69 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
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Panel unit root test: Summary   

Series:  LNL    

Date: 02/21/17   Time: 10:31  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 to 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -0.19350  0.4233  3  71 

Breitung t-stat  0.55219  0.7096  3  68 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat   0.34823  0.6362  3  71 

ADF - Fisher Chi-square  5.24444  0.5129  3  71 

PP - Fisher Chi-square  3.23773  0.7785  3  72 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
 

 

 

 

 

Panel unit root test: Summary   

Series:  D(LNL)   

Date: 02/21/17   Time: 10:32  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -6.95541  0.0000  3  69 

Breitung t-stat -5.31748  0.0000  3  66 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -6.14633  0.0000  3  69 

ADF - Fisher Chi-square  37.8368  0.0000  3  69 

PP - Fisher Chi-square  38.9865  0.0000  3  69 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
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Panel unit root test: Summary   

Series:  LNO    

Date: 02/21/17   Time: 10:33  

Sample: 1990 2014   

Exogenous variables: Individual effects 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t*  0.08224  0.5328  3  72 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat   1.19246  0.8835  3  72 

ADF - Fisher Chi-square  3.10946  0.7950  3  72 

PP - Fisher Chi-square  2.88143  0.8236  3  72 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 

 

 

 

 

 

Panel unit root test: Summary   

Series:  D(LNO)   

Date: 02/21/17   Time: 10:34  

Sample: 1990 2014   

Exogenous variables: Individual effects 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 to 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -8.12972  0.0000  3  68 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -7.01275  0.0000  3  68 

ADF - Fisher Chi-square  48.0100  0.0000  3  68 

PP - Fisher Chi-square  46.2902  0.0000  3  69 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
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Panel unit root test: Summary   

Series:  LNO    

Date: 02/21/17   Time: 10:34  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 to 2 

Newey-West automatic bandwidth selection and Bartlett kernel 

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t*  0.27709  0.6091  3  70 

Breitung t-stat  2.21541  0.9866  3  67 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat   1.28037  0.8998  3  70 

ADF - Fisher Chi-square  2.72449  0.8425  3  70 

PP - Fisher Chi-square  2.62184  0.8546  3  72 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 

 

 

 

 

 

 

Panel unit root test: Summary   

Series:  D(LNO)   

Date: 02/21/17   Time: 10:35  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 to 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -7.83288  0.0000  3  68 

Breitung t-stat -2.34685  0.0095  3  65 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -7.16144  0.0000  3  68 

ADF - Fisher Chi-square  44.8179  0.0000  3  68 

PP - Fisher Chi-square  43.7267  0.0000  3  69 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
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Panel unit root test: Summary   

Series:  LNQ_L   

Date: 02/21/17   Time: 10:35  

Sample: 1990 2014   

Exogenous variables: Individual effects 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 to 2 

Newey-West automatic bandwidth selection and Bartlett kernel 

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -1.95632  0.0252  3  70 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -0.00347  0.4986  3  70 

ADF - Fisher Chi-square  4.01222  0.6750  3  70 

PP - Fisher Chi-square  3.65647  0.7230  3  72 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 

 

 

 

 

 

 

Panel unit root test: Summary   

Series:  D(LNQ_L)   

Date: 02/21/17   Time: 10:36  

Sample: 1990 2014   

Exogenous variables: Individual effects 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 to 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -6.68812  0.0000  3  67 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -7.09166  0.0000  3  67 

ADF - Fisher Chi-square  48.9127  0.0000  3  67 

PP - Fisher Chi-square  82.8891  0.0000  3  69 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
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Panel unit root test: Summary   

Series:  LNQ_L   

Date: 02/21/17   Time: 10:35  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 to 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -0.51483  0.3033  3  71 

Breitung t-stat  0.12739  0.5507  3  68 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -0.26890  0.3940  3  71 

ADF - Fisher Chi-square  7.88390  0.2467  3  71 

PP - Fisher Chi-square  12.6506  0.0489  3  72 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 

 

 

 

 

Panel unit root test: Summary   

Series:  D(LNQ_L)   

Date: 02/21/17   Time: 10:36  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 to 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -5.71620  0.0000  3  67 

Breitung t-stat -5.82075  0.0000  3  64 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -6.34172  0.0000  3  67 

ADF - Fisher Chi-square  40.0101  0.0000  3  67 

PP - Fisher Chi-square  113.695  0.0000  3  69 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
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Panel unit root test: Summary   

Series:  LNQ_P   

Date: 02/21/17   Time: 10:37  

Sample: 1990 2014   

Exogenous variables: Individual effects 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -1.70620  0.0440  3  72 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat   0.25860  0.6020  3  72 

ADF - Fisher Chi-square  5.10061  0.5310  3  72 

PP - Fisher Chi-square  16.8357  0.0099  3  72 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 

 

 

 

 

 

Panel unit root test: Summary   

Series:  D(LNQ_P)   

Date: 02/21/17   Time: 10:37  

Sample: 1990 2014   

Exogenous variables: Individual effects 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -7.72449  0.0000  3  69 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -6.78764  0.0000  3  69 

ADF - Fisher Chi-square  45.9172  0.0000  3  69 

PP - Fisher Chi-square  52.0781  0.0000  3  69 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
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Panel unit root test: Summary   

Series:  LNQ_P   

Date: 02/21/17   Time: 10:37  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 

Newey-West automatic bandwidth selection and Bartlett kernel 

Balanced observations for each test   

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -2.10948  0.0175  3  72 

Breitung t-stat -0.87009  0.1921  3  69 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -0.78780  0.2154  3  72 

ADF - Fisher Chi-square  7.70713  0.2604  3  72 

PP - Fisher Chi-square  10.9673  0.0894  3  72 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 

 

 

 

 

Panel unit root test: Summary   

Series:  D(LNQ_P)   

Date: 02/21/17   Time: 10:38  

Sample: 1990 2014   

Exogenous variables: Individual effects, individual linear trends 

Automatic selection of maximum lags  

Automatic lag length selection based on SIC: 0 to 1 

Newey-West automatic bandwidth selection and Bartlett kernel 

     
     Method Statistic Prob.** Cross-sections Obs 

Null: Unit root (assumes common unit root process)  

Levin, Lin & Chu t* -6.86061  0.0000  3  68 

Breitung t-stat -5.87103  0.0000  3  65 

     

Null: Unit root (assumes individual unit root process)  

Im, Pesaran and Shin W-stat  -5.85706  0.0000  3  68 

ADF - Fisher Chi-square  36.5295  0.0000  3  68 

PP - Fisher Chi-square  46.9195  0.0000  3  69 

     
     ** Probabilities for Fisher tests are computed using an asymptotic Chi 

        -square distribution. All other tests assume asymptotic normality. 
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APPENDIX C 

Cointegration 

 

Pedroni Residual Cointegration Test   

Series: LNQ_P LNK LNL LNO LNG LNE    

Date: 02/21/17   Time: 10:50   

Sample: 1990 2014    

Included observations: 75   

Cross-sections included: 2 (1 dropped)   

Null Hypothesis: No cointegration   

Trend assumption: No deterministic trend  

User-specified lag length: 1   

Newey-West automatic bandwidth selection and Bartlett kernel 

      
      Alternative hypothesis: common AR coefs. (within-dimension) 

      

  Statistic Prob. Weighted Statistic Prob. 

Panel v-Statistic -1.065404  0.8567 -1.068083  0.8573 

Panel rho-Statistic  0.800096  0.7882  0.781489  0.7827 

Panel PP-Statistic -2.332752  0.0098 -2.368964  0.0089 

Panel ADF-Statistic -1.765071  0.0388 -1.753278  0.0398 

      

Alternative hypothesis: individual AR coefs. (between-dimension) 

      

  Statistic Prob.   

Group rho-Statistic  1.457271  0.9275   

Group PP-Statistic -2.196120  0.0140   

Group ADF-Statistic -1.778726  0.0376   

      
      Cross section specific results   

      
      Phillips-Peron results (non-parametric)  

      

Cross ID AR(1) Variance HAC Bandwidth Obs 

industrial 0.246 0.001635 0.000430 7.00 24 

transportation 0.008 0.001756 0.000954 4.00 24 

 agricultural 0.245 0.002607 0.002502 2.00 24 

      

Augmented Dickey-Fuller results (parametric)  

      

Cross ID AR(1) Variance Lag Max lag Obs 

industrial -0.067 0.001353 1 -- 23 

transportation -0.167 0.001758 1 -- 23 

 agricultural 0.157 0.002651 1 -- 23 

      
       

 

 

 



160 
 

Pedroni Residual Cointegration Test   

Series: LNCO2 LNQ_L LNO LNG LNE    

Date: 02/21/17   Time: 10:51   

Sample: 1990 2014    

Included observations: 75   

Cross-sections included: 2 (1 dropped)   

Null Hypothesis: No cointegration   

Trend assumption: No deterministic trend  

User-specified lag length: 1   

Newey-West automatic bandwidth selection and Bartlett kernel 

      
      Alternative hypothesis: common AR coefs. (within-dimension) 

      

  Statistic Prob. Weighted Statistic Prob. 

Panel v-Statistic  2.407576  0.0080  2.080260  0.0188 

Panel rho-Statistic -2.954831  0.0016 -3.118845  0.0009 

Panel PP-Statistic -2.716105  0.0033 -3.034855  0.0012 

Panel ADF-Statistic -0.080404  0.4680 -0.557934  0.2884 

      

Alternative hypothesis: individual AR coefs. (between-dimension) 

      

  Statistic Prob.   

Group rho-Statistic -2.429812  0.0076   

Group PP-Statistic -3.222113  0.0006   

Group ADF-Statistic -0.113513  0.4548   

      
      Cross section specific results   

      
      Phillips-Peron results (non-parametric)  

      

Cross ID AR(1) Variance HAC Bandwidth Obs 

industrial 0.067 0.003605 0.004043 2.00 24 

transportation -0.114 0.001837 0.001674 2.00 24 

agricultural  -0.137 0.003411 0.003101 2.00 24 

    

      

Augmented Dickey-Fuller results (parametric)  

      

Cross ID AR(1) Variance Lag Max lag Obs 

industrial 0.267 0.003591 1 -- 23 

transportation -0.224 0.001899 1 -- 23 

 agricultural -0.137 0.003411 1 -- 23 
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APPENDIX D 

FMOLS 

 

Dependent Variable: LNQ_P   

Method: Panel Fully Modified Least Squares (FMOLS) 

Date: 02/21/17   Time: 10:54   

Sample (adjusted): 1991 2014   

Periods included: 24   

Cross-sections included: 2   

Total panel (balanced) observations: 48  

Panel method: Grouped estimation  

Cointegrating equation deterministics: C  

Long-run covariance estimates (Bartlett kernel, Newey-West fixed bandwidth) 

Warning: one more more cross-sections have been dropped due to estimation errors 

     
Variable Coefficient Std. Error t-Statistic Prob. 

     
     LNK 0.150993 0.068366 2.208583 0.0330 

LNL 0.829056 0.194526 4.261933 0.0001 

LNO 0.058276 0.032888 1.771958 0.0840 

LNG 0.355730 0.147645 2.409365 0.0207 

LNE 0.109626 0.060648 1.807573 0.0782 

     
     R-squared -14.630503     Mean dependent var 7.449897 

Adjusted R-squared -17.365841     S.D. dependent var 0.813739 

S.E. of regression 3.487310     Sum squared resid 486.4531 

Long-run variance 0.001214    

     
 

 

    
 

 

 
Dependent Variable: LNCO2   

Method: Panel Fully Modified Least Squares (FMOLS) 

Date: 02/21/17   Time: 10:55   

Sample (adjusted): 1991 2014   

Periods included: 24   

Cross-sections included: 2   

Total panel (balanced) observations: 48  

Panel method: Grouped estimation  

Cointegrating equation deterministics: C  

Long-run covariance estimates (Bartlett kernel, Newey-West fixed bandwidth) 

Warning: one more more cross-sections have been dropped due to estimation errors 

     
     Variable Coefficient Std. Error t-Statistic Prob. 

     
     LNQ_L 0.394603 0.152878 2.581170 0.0135 

LNO 0.589598 0.036080 16.34121 0.0000 

LNG 0.357051 0.101985 3.501009 0.0011 

LNE -0.079451 0.077572 -1.024225 0.3117 

     
     R-squared -47.550366     Mean dependent var 17.24946 

Adjusted R-squared -54.655298     S.D. dependent var 0.323089 

S.E. of regression 2.410321     Sum squared resid 238.1955 

Long-run variance 0.002073    
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APPENDIX E 

Pooled Mean Group (PMG) and Mean Group (MG) 

 

MG (Q/P) 

D.lnyp Coef. Std. Err. z P>|z| [95% Conf. Interval] 

ECT lnK 2.510359     2.03075      1.24    0.216    -1.469838     6.490555 

 lnL 0.0641577    0.8155732      0.08    0.937     -1.534336     1.662652 

 lnO 0.0213331    0.1677704      0.13   0.899     -0.3074907      0.350157 

 lnG -0.3026351    0.3280575     -0.92    0.356      -0.945616     0.3403458 

 lnE -0.0539932    0.0446071     -1.21    0.226     -0.1414214     0.033435 

Sectors ECT -0.4904644    0.3312988     -1.48    0.139     -1.139798     0.1588692 

 lnK D1.   0.2023731     0.101031      2.00    0.045      0.0043559     0.4003903 

 lnL D1. 0.496837    0.1155154      4.30    0.000       0.270431     0.7232431 

 lnO D1. 0.068484    0.0575221      1.19    0.234    -0.0442573     0.1812253 

 lnG D1. -0.0696792    0.0466262     -1.49    0.135     -0.1610648     0.0217064 

 lnE D1. 0.0947177    0.1071755      0.88    0.377     -0.1153424     0.3047779 

 _cons -22.98464    16.40747    -1.40    0.161      -55.1427     9.173411 
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PMG (Q/P) 

 

Panel Variable (i): sector1  

Time Variable (t): year                      

Number of obs         =             72 

Number of groups    =               3 

Obs per group: min  =             24 

 avg  =          24.0 

max  =             24 

 

Log Likelihood     =  111.3156 

D.lnyp Coef. Std. Err. z P>|z| [95% Conf. Interval] 

ECT lnK 0.2942183 0.0891552 3.30 0.001 0.1194774 0.4689592 

 lnL 0.3491967 0.2114159 1.65 0.099 -0.0651708 0.7635642 

 lnO 0.1614306 0.0452385 3.57 0.000 0.0727648 0.2500965 

 lnG 0.0489643 0.0147563 3.32 0.001 0.0200425 0.0778861 

 lnE -0.0202932 0.0230582 -0.88 0.379 -0.0654864 0.0249001 

Sectors ECT -0.7400665 0.1998044 -3.70 0.000 -1.131676 -0.3484571 

 lnK D1. 0.7698131 0.6141246 1.25 0.210 -0.4338489 1.973475 

 lnL D1. 0.4340473 0.1203388 3.61 0.000 0.1981876 0.6699069 

 lnO D1. 0.0403181 0.0548385 0.74 0.462 -0.0671633 0.1477996 

 lnG D1. 0.1466069 0.1224 1.20 0.231 0.3865064 0.0932926 

 lnE D1. 0.0580659 0.0701037 0.83 0.408 -0.0793348 0.1954666 

 _cons -3.021617 2.148147 -1.41 0.160 -7.231908 1.188675 
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PMG (Q/P) 

 

Panel Variable (i): sector1  

Time Variable (t): year                      

Number of obs         =             72 

Number of groups    =               3 

Obs per group: min  =             24 

 avg  =          24.0 

max  =             24 

 

Log Likelihood     =  111.3156 

D.lnyp Coef. Std. Err. z P>|z| [95% Conf. Interval] 

ECT lnK 0.2942183 0.0891552 3.30 0.001 0.1194774 0.4689592 

 lnL 0.3491967 0.2114159 1.65 0.099 -0.0651708 0.7635642 

 lnO 0.1614306 0.0452385 3.57 0.000 0.0727648 0.2500965 

 lnG 0.0489643 0.0147563 3.32 0.001 0.0200425 0.0778861 

 lnE -0.0202932 0.0230582 -0.88 0.379 -0.0654864 0.0249001 

Agriculture ECT -0.2613786    0.1655233     -1.58    0.114 -0.5857982     0.0630411 

 lnK D1. 1.984378    4.367168      0.45    0.650 -6.575114     10.54387 

 lnL D1. 0.2060257    0.2745659      0.75    0.453 -0.3321135     0.7441649 

 lnO D1. 0.0208206    0.0324441      0.64    0.521 -0.0427686     0.0844099 

 lnG D1.  0  (omitted)     

 lnE D1.  0  (omitted)     

 _cons -1.257843    0.9275497     -1.36    0.175   -3.075807      0.560121 

Industrial ECT -0.0665685    0.0692176     -0.96    0.336     -0.2022324     0.0690954 

 lnK D1.   0.3208678     0.208142      1.54    0.123      -0.087083     0.7288186 

 lnL D1. 0.6147579    0.2617032      2.35    0.019      0.1018292     1.127687 

 lnO D1. -0.0434032    0.0532188     -0.82    0.415     -0.1477102     0.0609038 

 lnG D1. 0.3896898    0.1884288      2.07    0.039      0.7590035     0.0203761 

 lnE D1. 0.1976196    0.2825937      0.70    0.484     -0.3562539     0.7514932 
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 _cons    -0.5108    0.5026419     -1.02    0.310      -1.49596     0.4743601 

Transportation ECT -1.143446    0.2021744     -5.66    0.000     -1.539701    -0.7471916 

 lnK D1. 0.0041933    0.0863831      0.05    0.961    -0.1651144     0.1735011 

 lnL D1. 0.4813582     0.192782      2.50    0.013      0.1035125     0.8592039 

 lnO D1. 0.143537    0.1011916      1.42    0.156      -0.054795      0.341869 

 lnG D1. 0.050131     0.026509      1.89    0.059      0.1020876     0.0018257 

 lnE D1. -0.0234219    0.0203431     -1.15    0.250     -0.0632938     0.0164499 

 _cons -7.296207    2.749748     -2.65    0.008     -12.68561    -1.906801 

 

 

Hausman Test (Q/P) 

 

 ----- Coefficients ----- Sqrt (diag(V_b – V_B) 

 MG (b) PMG (B) Difference (b-B) S.E 

lnK 2.510359 0.2942183 2.21614 3.191809 

lnL 0.0641577 0.3491967 -0.285039 1.264821 

lnO 0.0213331 0.1614306 -0.1400975 0.2598861 

lnG -0.3026351 0.0489643 -0.3515994 0.5156108 

lnE -0.0539932 -0.0202932 -0.0337 0.0662394 

  b = consistent under Ho and Ha, B = inconsistent under Ha, efficient under Ho;  

 

 

Test:  Ho:  difference in coefficients not systematic 

 

      chi2(5) = (b-B)'[(V_b-V_B)^(-1)](b-B) 

                  =        1.53 

Prob>chi2 =      0.9091 

(V_b-V_B is not positive definite) 
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MG (CO2) 

 

D.lnyp Coef. Std. Err. z P>|z| [95% Conf. Interval] 

ECT lnL 0.3492756    0.4066467      0.86    0.390     -0.4477373     1.146288 

 lnO 0.7690431    0.2908159      2.64    0.008      0.1990546     1.339032 

 lnG 0.3425328    0.3459793      0.99    0.322     -0.3355742      1.02064 

 lnE -0.153237    0.1482676     -1.03    0.301     -0.4438362     0.1373622 

Sectors ECT -0.2860122    0.3023972     -0.95    0.344     -0.8786998     0.3066754 

 lnL D1. -0.1561356    0.1449777    -1.08    0.281     -0.4402866     0.1280155 

 lnO D1. -0.6562281    0.4622489     -1.42    0.156     -1.562219     0.2497632 

 lnG D1. -0.1324533    0.1011557     -1.31    0.190     -0.3307147     0.0658082 

 lnE D1. 0.1139188    0.1085573      1.05    0.294     -0.0988495     0.3266871 

 _cons -1.139123     3.16799    -0.36    0.719     -7.348269     5.070023 
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PMG (CO2) 

 

Panel Variable (i): sector1  

Time Variable (t): year                      

Number of obs         =             72 

Number of groups    =               3 

Obs per group: min  =             24 

 avg  =          24.0 

max  =             24 

 

Log Likelihood     =  99.43596 

D.lnyp Coef. Std. Err. z P>|z| [95% Conf. Interval] 

ECT lnL 1.062394    0.4081998      2.60    0.009      0.2623374     1.862451 

 lnO 0.1807315    0.0664885      2.72    0.007      0.0504165     0.3110465 

 lnG 0.9650822    0.2951339      3.27    0.001      0.3866303     1.543534 

 lnE -0.3988808    0.2319482     -1.72    0.085     -0.8534908     0.0557293 

Sectors ECT -0.7555251 0.2115024 -3.72 0.000 -1.167953 -0.3504791 

 lnL D1. -0.1571588     0.131413     -1.20    0.232     -0.4147235      0.100406 

 lnO D1. 0.5293769    0.3095496      1.71    0.087     -0.0773291     1.136083 

 lnG D1. -0.1246296    0.0942278     -1.32    0.186     -0.3093128     0.0600536 

 lnE D1. 0.0878394    0.1163673      0.75   0.450    -0.1402364     0.3159151 

 _cons   -1.90334    2.048673     -0.93    0.353    -5.918665     2.111986 
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PMG (CO2) 

 

Panel Variable (i): sector1  

Time Variable (t): year                      

Number of obs         =             72 

Number of groups    =               3 

Obs per group: min  =             24 

 avg  =          24.0 

max  =             24 

 

Log Likelihood     =  99.43596 

D.lnyp Coef. Std. Err. z P>|z| [95% Conf. Interval] 

ECT lnL 1.062394    0.4081998      2.60    0.009      0.2623374     1.862451 

 lnO 0.1807315    0.0664885      2.72    0.007      0.0504165     0.3110465 

 lnG 0.9650822    0.2951339      3.27    0.001      0.3866303     1.543534 

 lnE -0.3988808    0.2319482     -1.72    0.085     -0.8534908     0.0557293 

Agriculture ECT 0.028213      0.0323958     0.87    0.384     -0.0352815     0.0917075 

 lnL D1. 0.0186736     0.148371      0.13    0.900     -0.2721282     0.3094755 

 lnO D1. 1.008415    0.0304652     33.10    0.000       0.948704     1.068125 

 lnG D1.  0  (omitted)     

 lnE D1.  0  (omitted)     

 _cons 0.2033031       0.2985      0.68    0.496    -0.3817462     0.7883524 

Industrial ECT 0.0044006    0.0078863      0.56    0.577     -0.0110562     0.0198575 

 lnL D1. -0.4142505    0.3173397     -1.31    0.192     -1.036225     0.2077239 

 lnO D1. -0.0497813     0.100658     -0.49    0.621     -0.2470674     0.1475049 

 lnG D1. 0.3093669    0.2251139      1.37    0.169      0.750582     0.1318482 

 lnE D1.   0.3184064    0.3663892      0.87    0.385     -0.3997032     1.036516 

 _cons -6.000134    6.343254     -0.95    0.344     -18.43268     6.432416 

Transportation ECT -0.8906503    0.2322733    -3.83    0.000     -1.345898    -0.4354031 

 lnL D1. -0.0758994    0.1399088    -0.54    0.587     -0.3501156     0.1983168 

 lnO D1.   0.6294973    0.1437998      4.38    0.000      0.3476548     0.9113398 
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 lnG D1. 0.064522    0.0352887      1.83    0.067      0.1336865     0.0046426 

 lnE D1. -0.0548883    0.0244735     -2.24    0.025     -0.1028556    -0.0069211 

 _cons 0.0868121    0.0832085      1.04    0.297     -0.0762736    0.2498978 

 

 

 

Hausman Test (CO2) 

 

 ----- Coefficients ----- Sqrt (diag(V_b – V_B) 

 MG (b) PMG (B) Difference (b-B) S.E 

lnL 0.3492756     1.062394        -0.7131186         0.4857157 

lnO 0.7690431      0.1807315         0.5883116         0.4488442 

lnG 0.3425328      0.9650822       -0.6225494         0.4519856 

lnE   -0.153237     -0.3988808         0.2456438                . 

  b = consistent under Ho and Ha, B = inconsistent under Ha, efficient under Ho;  

 

 

Test:  Ho:  difference in coefficients not systematic 

 

      chi2(4) = (b-B)'[(V_b-V_B)^(-1)](b-B) 

                  =        1.60 

Prob>chi2 =      0.8088 

(V_b-V_B is not positive definite) 
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APPENDIX F 

Section 22 of the Environment Quality Act, EQA, 1974 (Act 127). 

 

22. Restrictions on pollution of the atmosphere. 

 (1) No person shall, unless licenced, emit or discharge any wastes into the 

atmosphere in contravention of the acceptable conditions specified under 

section 21. 

 

 (2) Without limiting the generality of the subsection (1), a person shall be 

deemed to emit or discharge wastes into the atmosphere if -  

  (a) he places any matter in a place where it may be released into the 

atmosphere; 

  (b) he causes or permits the discharge of odours which by virtue of their 

nature, concentration, volume or extent are obnoxious or offensive; 

  (c)  he burns any wastes of the trade, process or industry; or 

  (d) He uses any fuel burning equipment not equipped with any device or 

control equipment required to be fitted to such equipment. 

 

 (3) Any person who contravenes subsection (1) shall be guilty of an offence 

and shall be liable to a fine not exceeding the thousand ringgit or to 

imprisonment for a period not exceeding two years or to both and to a 

further fine not exceeding one thousand ringgit a day for every day that the 

offence is continued after a notice by the Director General requiring him to 

cease the act specified therein has been served upon him. 
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