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Abstract 
We use an augmented production function approach to examine the relationship between 

disaggregated energy consumption by fuel type and economic growth in Malaysia.  The main 

finding is that diesel and motor petrol are the major contributors to economic growth in the long-run 

in Malaysia. The long run elasticity for diesel is 1.1, while the long run elasticity for motor petrol is 

0.5. The problem for Malaysia is that both diesel and motor petrol are major causes of acidification 

and greenhouse emissions and that Malaysia’s reserves of oil are depleting. The results suggest that 

the challenge moving forward for Malaysia will be to replace diesel and motor petrol with cleaner 

biodiesel alternatives, which will not adversely affect Malaysia’s growth rate. The prospects for so 

doing, and measures taken thus far, are discussed. 
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1. Introduction 

 

This paper examines the relationship between disaggregated energy by fuel type and 

economic growth in Malaysia within an augmented growth model framework. 

Malaysia is an interesting case for such a study given its enviable record of economic 

growth. Malaysia is an Asian success story in terms of economic growth. It has been 

described as a “poster child” of the East Asian region (Islam et al., 2013). However, 

much of this economic growth has been generated by fossil fuel sources. This has 

been associated with a sharp increase in pollution emissions, which has been a cause 

for concern and resulted in policy-makers looking for cleaner energy sources (see eg. 

Ahmad et al. 2011; Chau & Oh, 2010; Shafie et al, 2011; Shamsuddin, 2012).   

 

In contrast to some recent studies that have examined the relationship between energy 

consumption and economic growth in a panel framework, our focus is on a single 

country. The limitation of using data on a panel of countries is that such studies are 

unable to account for the issues facing specific countries.  Thus, the conclusions 

drawn can only be of a general nature and are unlikely to be of much practical 

relevance when formulating policy in specific countries.  This applies a fortiori when 

the focus is on disaggregated energy by type.  The advantage of focusing on a specific 

country is that it provides more opportunity to draw policy implications that are of 

specific relevance to that country.  A further obstacle to using panel data with 

disaggregated energy is that the categorization of different types of energy is likely to 

differ across countries, limiting the number of comparable energy types.  

 

 The main contribution of this paper to understanding the relationship between energy 

consumption and economic growth in Malaysia is that we focus on disaggregated 
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energy by type and employ an augmented growth model in the same study. Most 

extant studies of this sort for Malaysia use aggregate energy consumption, or 

electricity consumption, and do not use a growth framework (Ang, 2008; Chandran et 

al, 2010; Chen et al, 2007; Chiou-Wei et al, 2008; Chontanawat et al, 2008; Islam et 

al, 2013; Lean & Smyth, 2010a, 2010c; Masih & Masih, 1996; Murry & Nan, 1994; 

Narayan et al., 2010; Narayan & Popp, 2012; Tang, 2008, 2009; Tang & Tan, 2013a, 

2013b; Yoo, 2006). Lean and Smyth (2010b) use an augmented growth framework, 

but not consider disaggregated energy by fuel type. Saboori and Sulaiman (2013) use 

disaggregated energy, but do not use an augmented growth framework. This is the 

first study for Malaysia to examine the relationship between disaggregated energy by 

fuel type and economic growth using an augmented growth framework. 

 

Using disaggregated energy by fuel type is important for the following, related, 

reasons. The use of aggregate energy data does not reflect the extent to which 

different countries rely on different energy resources (Yang, 2000). The use of 

aggregate energy data means it is not possible to identify the effect of specific energy 

types on economic growth (Sari et al., 2008). Finding, or failing to find, a relationship 

between aggregated energy consumption and economic growth, might mask nuanced 

relationships between specific energy types and economic growth. Knowing the 

relationship between aggregate energy consumption and economic growth is of little 

value to policy makers when it comes to thinking about the contribution that different 

components of the energy mix make to economic growth, which is the important 

thing when it comes to thinking about the efficacy of alternative energy sources. 

 

Using an augmented growth framework is important because use of a bivariate 

framework results in omitted variable bias. To be specific, bivariate tests may fail to 
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detect a relationship between energy consumption and economic growth because of 

substitution effects between energy consumption and capital and labor as other inputs 

in production (Stern, 1993, 2000). Some studies have attempted to address omitted 

variables bias by the inclusion of ad hoc variables in a multivariate setting. The 

problem with such an approach, though, is that it is essentially a theoretical as there is 

no underpinning framework guiding variable selection. The advantage of using a 

production function approach is that it recognizes disaggregated energy by type as 

inputs in the production process and allows one to ascertain the marginal effect of 

each energy type on output, holding other inputs constant (Stern, 1993).  

 

2. Malaysian Context 

In the mid-1980s the Malaysian government implemented the Industrialization Plan, 

which moved the country’s economic focus from agriculture to manufacturing and 

services (Jomo, 2003). For the last three decades Malaysia has experienced high rates 

of economic growth, but it has also had high rates of energy consumption. There has 

also been a substantial change in the energy mix over these three decades. At the 

beginning of the 1980s Malaysia was primarily reliant on oil for its energy supplies. 

At this time, the Malaysian government made a conscious attempt to move away from 

its heavy reliance on oil, implementing the four-fuel diversification strategy. As a 

result, consumption of natural gas and coal has increased at the expense of oil.  In 

1980, diesel and oil accounted for 87.9 per cent of energy consumption, while coal 

and natural gas accounted for just 0.5 per cent and 7.5 per cent respectively.  By 2010, 

consumption of diesel and oil had dropped to just 0.2 per cent of total energy 

consumption, while natural gas and coal together accounted for over 90 per cent of 

total energy consumption (Oh et al., 2010). Electricity is largely generated from fossil 

fuels. About 95 per cent of electricity generation comes from fossil fuels with coal 
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alone responsible for about 30 per cent in 2009 (Shafie et al., 2011).  

 

Looking to the future, Malaysia’s primary demand for energy is expected to triple by 

2030 (Gan & Li, 2008), reflecting growth in living standards – evidenced, for 

example, in expansion of the ICT and transport sectors - and further expansion of the 

manufacturing sector (Ahmad et al., 2011; Tye et al., 2011). Most of the growth in 

energy consumption is expected to come from fossil fuel consumption, which has 

raised concerns about the effect of Malaysia’s growth on the environment. Between 

2005 and 2020, Malaysia’s greenhouse gas emissions are expected to increase 74 per 

cent from 189 million tonnes to 382 million tonnes of CO2e (Shamsuddin, 2012).  

 

This expectation has focused the attention of policy-makers on the viability of 

alternative energy sources to fossil fuels. The Ninth Malaysian Plan (2006-2010) 

endorsed the need to consider cleaner energy types and in 2009 the Malaysian 

government introduced a National Green Technology Policy, which contained a raft 

of specific proposals to reduce the proportion of fossil fuel consumption in the energy 

mix. The viability of changing the energy mix, and the way to best do this while 

minimizing the potential adverse effects on economic growth, requires an 

understanding of how alternative energy types contribute to economic growth. 

 

3. Literature Review   

There is a large literature on the relationship between energy consumption and 

economic growth. The results from these studies have been mixed (see eg. Ozturk, 

2010; Payne, 2010 for reviews). Beginning with Stern (1993), there is a relatively 

small subset of this literature which uses an augmented production function (see eg. 

Ghali & El-Sakka 2004; Liddle, 2012; Narayan & Smyth, 2008; Shahiduzzaman & 

Alam, 2012; Soytas & Sari, 2007; Stern 1993, 2000; Yuan et al, 2008). Similarly, 
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beginning with Yang (2000) there is only a relatively small subset of the literature 

that considers the relationship between energy consumption, disaggregated by type, 

and economic growth (Bowden & Payne 2009; Ewing et al, 2007; Hu & Lin, 2008; 

Sari & Soytas, 2004; Sari et al, 2008; Tsani, 2010; Wolde-Rufael, 2004; Yang, 2000; 

Yuan et al, 2008). There are very few studies which have used disaggregated data and 

a production function model (see eg. Liddle, 2013; Soytas & Sari, 2007). 

 

Of the existing studies for Malaysia, most use a bivariate framework to examine the 

relationship between either aggregate energy consumption or electricity consumption 

and economic growth (Chandran et al, 2010; Chen et al, 2007; Chiou-Wei et al, 2008; 

Chontanawat et al, 2008; Masih & Masih, 1996; Murry & Nan, 1994; Narayan et al., 

2010; Narayan & Popp, 2012; Tang, 2008; Yoo, 2006). Other studies use a 

multivariate framework where, in addition to economic growth and either aggregate 

energy consumption or electricity consumption, the model includes carbon emissions 

(Ang, 2008; Lean & Smyth, 2010c; Saboori & Sulaiman, 2013); energy prices 

(Chandran et al., 2010); energy prices and exports (Lean & Smyth, 2010a); energy 

prices and technological innovation (Tang & Tan, 2013a); foreign direct investment 

(FDI) and population (Tang, 2009); relative prices of energy to non-energy goods, 

FDI and financial development (Tang, 2013b) or financial development and 

population  (Islam et al, 2013). One finding is that most studies which have employed 

a bivariate framework fail to find a long-run relationship between either energy or 

electricity consumption and economic growth.  A second result is that findings with 

respect to Granger causality between energy/electricity consumption and economic 

growth are mixed. For the multivariate studies the direction of Granger causality is 
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mixed and seems to depend on the ad hoc choice of the other variable(s) other than 

energy consumption and economic growth included in the model.
1
 

 

As discussed above, there is just one Malaysian study which uses an augmented 

production function approach (Lean & Smyth, 2010b) and one Malaysian study which 

examines the relationship between disaggregated energy and economic growth 

(Saboori & Sulaiman, 2013).  There are no studies for Malaysia which analyze the 

relationship between disaggregated energy by type and economic growth using an 

augmented production function.  This is a gap that this study seeks to fill.  

 

4. Data and Methodology 

4.1. Data 

Table 1 presents the descriptive statistics for Gross Domestic Product (constant $US 

2000), Gross Capital Formation (constant $US 2000), the Labor Force and 

disaggregated energy demand by ten fuel types (expressed in kwh). The use of gross 

capital formation as a proxy for capital stock follows Lee (2005), Soytas and Sari 

(2006) and Narayan and Smyth (2008) among others.  All data are expressed in per 

capita terms and converted to natural logs, prior to analysis. The data is annual 

observations for the period 1980 to 2011. The data for Gross Domestic Product, Gross 

Capital Formation and Labor Force are from the World Bank (2013).  The energy data 

are from the Malaysia Energy Information Hub (MEIH, 2013).  

----------------- 

Insert Table 1 

----------------- 

 

 

 

                                                        
1 For a detailed review of many of the Malaysian studies see Tang and Tan (2013a). 
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4.2. Production function 

To examine the relationship between disaggregated energy consumption by fuel type 

and economic growth we use an augmented production function in which output is 

expressed as a function of capital, labor and disaggregated energy by fuel type. 

 , ,t t t tY f K L E  

where Yt is aggregate output, Kt is capital stock, Lt is the labor force and Et is energy 

consumption.  We estimate ten models, replacing Et with each fuel type.  

 

The long-run multivariate model for each fuel type is as follows: 

Yt = α + β1 Kt + β2 Lt + β3 Et + ut          (1) 

4.3 LM unit root test  

To test for a unit root in each of the series we employ the Lagrange multiplier (LM) 

unit root tests with no structural breaks proposed by Schmidt and Phillips (1992) and 

the LM the unit root test with one structural break proposed by Lee and Strazicich 

(2004). We employ both the LM unit root test with one break in the intercept (Model 

A) and the LM unit root test with one break in the intercept and slope (Model C).
2
 We 

do not also employ the LM unit root test with two structural breaks given we have a 

relatively short time series and that Lee and Strazicich (2003) note that incorporating 

a second break can result in substantial deviations in size and power in small samples. 

The LM unit root test with one break developed by Lee and Strazicich (2004) 

represent a methodological improvement over ADF-type endogenous one break unit 

root test proposed by Zivot and Andrews (1992) which has the limitation that the 

critical values are derived while assuming no break under the null hypothesis. 

 

                                                        
2 The LM unit root test is well known so we do not repeat the detailed specifications here. For more 

details see Lee and Strazicich (2003, 2004) or applications in Lean and Smyth (2007, 2013a, b).  
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 Allowing for a structural break is important given that during the period considered, 

the Malaysian economy has experienced several shocks, such as the Asian Financial 

Crisis and Global Financial Crisis, and policy shifts which have potentially caused a 

break in economic growth and/or disaggregated energy consumption. Perron (1989) 

was the first to point out that failure to incorporate a statistically significant structural 

break will reduce the power to reject the null hypothesis of a unit root.  At the same 

time, as Ben-David et al. (2003) note, allowing for a break does not necessarily 

produce more rejections of the unit root null hypothesis because the critical value 

increases in absolute value. Thus, in the analysis below, we employ a rule of thumb 

where in the event that the no-break case and one-break case give different results we 

prefer the one-break case if the structural break is statistically significant. This rule of 

thumb has been employed in previous studies that have compared no-break and one-

break results (see eg. Lean & Smyth 2007, 2013a, b). 

 

4.4. Bounds testing approach to cointegration 

To test for a long run relationship between the variables we employ the bounds testing 

approach to cointegration with an autoregressive distributed lag (ARDL) model, 

proposed by Pesaran et al. (2001).  The bounds test has at least two advantages for 

our purposes. First, we have 31 observations. Pesaran and Shin (1999) show that the 

bounds test is more efficient than other tests for cointegration in small samples. There 

are several studies which have employed the bounds test with around 30 observations 

(see eg. Chandran et al., 2010: Narayan & Narayan, 2005a, 2005b; Tang, 2008). 

Second, allowing for a structural break in the time series of each variable increases 

the possibility that we will find one or more of the variables are I(0). The bounds test 

can be applied irrespective of whether the explanatory variables are I(0) or I(1).  
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Third, the bounds test assumes all variables are endogenous so that the endogeneity 

problems associated with other cointegration methods are avoided.   

 

We estimate the following unrestricted error correction model (UECM): 
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Selection of the number of lags is based on the Akaike Information Criteria and 

specification tests. To ascertain the presence of cointegration, we use the joint 

significance F-test on the lagged level explanatory variables. Given the sample size is 

relatively small (T=31), we use the small sample critical values for the bounds F-test, 

tabulated by Narayan (2005). If the computed F-statistic is greater than the upper 

bound critical value, we reject the null hypothesis of no cointegration.     

 

4.5 Long-run and short-run estimates 

If a long-run relationship is identified with the UECM, an ARDL model can be used 

to estimate long-run and short-run elasticities (see eg. Baranzini et al., 2013; Fuinhas 

& Marques, 2012; Gross, 2012). The long-run model in levels is as follows:  
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Using the lagged residuals from the long run relationship, the short-run model is:  
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5. Results  

5.1 LM unit root test 

We commenced with the LM unit root test without a structural break proposed by 

Schmidt and Phillips (1992).  We do not present the results to conserve space, but all 

variables were found to be I(1).  We proceeded to implement the LM unit root test 

with one break in the intercept (Model A).  The results are presented in Table 2. There 

are two variables (electricity and non-energy) for which the unit root null is rejected 

and the break in the intercept is significant at the 10 per cent level or better.  We also 

implemented the LM unit root test with one break in the intercept and slope (Model 

C). The results are reported in Table 3. There are four variables (coal and coke, diesel, 

LPG and natural gas) for which the unit root null is rejected and the break in the 

intercept and slope is significant at the 10 per cent level or better.  Of the two 

variables for which Model A, but not Model C, suggests the unit root null is rejected, 

for electricity the break in the intercept, but not slope, is significant, while for non-

energy the break in the intercept and slope in model C are both significant. This 

suggests the results for Model A should be preferred for electricity and the results for 

Model C should be preferred for non-energy.  Bringing these results together, overall, 

we conclude that there are five fuel types (coal and coke, diesel, electricity, LPG and 

natural gas) which are I(0) at 10 per cent or better and the other variables are I(1). 

Importantly, none of the variables are found to be I(2), which means that the F-

statistics for the bound test, tabulated in Narayan (2005), are valid. 

--------------------- 

Insert Tables 2 & 3 

------------------------ 

Across Models A and C, the largest concentration of breaks occur in the first half of 

the 1990s (eight breaks) and the second half of the 1990s (nine breaks). Most of these 

breaks can be linked to the global recession in the early 1990s and Asian financial 

crisis in the second half of the 1990s. There were also four breaks in the second half 
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of the 1980s, four breaks in the first half of the 2000s and two breaks in the second 

half of the 2000s. The four breaks in the second half of the 1980s are linked to the 

Wall Street stock market collapse in 1987 and ensuing global recession. The four 

breaks in the first half of the 2000s are likely to be due to Malaysia strengthening its 

commitment to renewable energy at the expense of fossil fuel consumption in this 

period, reflected in, for example, introduction of the Small Renewable Energy 

Program and becoming a signatory to the Kyoto protocol in 2002.  The breaks in the 

second half of the 2000s coincide with the Global Financial Crisis.
3
 

 

 

5.2. UECM, long-run and short-run estimates 

Table 4 reports the results for the UECM estimates and bounds test where GDP is 

regressed on capital, labor and each of the fuel types. The null of no cointegration is 

rejected for eight of the ten fuel types at the 10 per cent level or better, based on the 

Narayan (2005) upper bound critical values, the exceptions being fuel oil and 

kerosene. Thus, there is a long-run relationship between disaggregated energy 

consumption and economic growth for 80 per cent of the fuel types. The two fuel 

types for which there is no cointegration with output are fuel oil and kerosene.  The 

time series for consumption of these two fuel types has been relatively volatile over 

time. Thus, following shocks to the long-run equilibrium relationship between each 

fuel type and output, deviations from that long-run growth path will be more 

persistent (Lean & Smyth, 2013b).  Given that each of fuel oil and kerosene are I(1), 

we also implemented the Gregory and Hansen (1996) cointegration test as a robust 

check on the bounds test results. The Gregory and Hansen (1996) test suggested the 

                                                        
3 For further discussion of breaks in the time series of fuel types in Malaysia see Lean and Smyth 

(2013b). 
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structural break in the cointegrating vector in each case was in the Asian financial 

crisis, but confirmed the bounds tests results that there is no cointegration.  

 

Previous studies for Malaysia have reached mixed conclusions with respect to 

cointegration between aggregate energy consumption and economic growth. For 

example, Chen et al. (2007), Yoo (2006) and Tang (2008) fail to find cointegration, 

while most studies find cointegration (see eg. Lean & Smyth 2010a, 2010c; Tang 

2009; Tang & Tan, 2013a, 2013b). These mixed results might reflect omitted 

variables bias in the case of studies that fail to find cointegration. However, our 

results point to another possible explanation, which is that use of aggregate energy 

consumption masks differences in the existence of a long-run relationship between 

economic growth and disaggregated energy consumption by fuel type.  

--------------------- 

Insert Tables 4-7 

---------------------- 

For those fuel types for which cointegration exists, we examine the long-run and 

short-run effects using the ARDL framework, specified in Equations (3) and (4). The 

long-run results (as well as the estimated long-run elasticities for fuel type) are 

reported in Table 5. All the long run parameters are stable, based on the CUSUM test. 

For diesel, we find a statistically significant elasticity of 1.1, implying that an increase 

in diesel consumption, induces more than a proportional increase in economic growth. 

This is similar to existing findings of the elasticity of aggregate energy consumption 

in Malaysia. For example, Narayan et al. (2010) found that the elasticity of aggregate 

energy consumption in Malaysia was 1.2. This could reflect the relative importance of 

diesel in the energy mix in Malaysia. The mean consumption of diesel was the highest 

among the fuel types considered in this study over the period (see Table 1).  For 

motor petrol, the statistically significant elasticity is 0.5, implying that for a 1 per cent 
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increase in motor petrol, economic growth will increase by 0.5 per cent in the long-

run.   The elasticities for the other fuel types are statistically insignificant.  

 

Table 6 reports the estimates for the short-run relationships for which the bounds test 

suggests that cointegration exists. The diagnostic tests for heteroskedasticity and 

ARCH effects reveal no evidence of misspecification. With the single exception of 

electricity, the coefficient on the error correction term is negative and statistically 

significant, which Pesaran et al (2001) suggests is an alternative way of establishing 

the existence of cointegration between the variables. Following a shock, the error 

correction term indicates that the long-run equilibrium is restored at a rate between 

8.3 per cent (LPG) and 15.9 per cent (ATF and AV gas) within one year. Diesel and 

electricity are found to have a positive effect on economic growth in the short-run.  

 

Table 7 reports the short-run estimates for those fuel types for which the bounds test 

indicated that there was no cointegration with economic growth. Diagnostic tests 

reveal no evidence of misspecification. Both fuel oil and kerosene are found to have a 

positive impact on economic growth in the short run. These findings might reflect the 

myriad investment issues related to expectations in the energy market and associated 

risks. The market might see alternative sources of energy as future options. 

Consumption of both fuel oil and kerosene has fallen since the 1980s. Mean 

consumption of kerosene, in particular, is relatively low (see Table 1). However, the 

market may still recognize fuel oil and kerosene as having immediate short-term roles 

in promoting economic growth in Malaysia (Sari et al., 2008). This is particularly true 

given the perceived barriers to developing viable renewable energies in Malaysia as 

alternatives to traditional energy sources (Ahmad et al., 2011; Oh et al., 2010). For 

example, after an extensive review of the prospects for increasing the proportion of 
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renewable energy in the energy mix in Malaysia, Oh et al. (2010, p. 1252) concludes 

that renewable energy has been “met by countless obstacles from numerous parties”.  

 

6. Implications for the Fuel Mix in Malaysia 

The main finding is that diesel and motor petrol are the major contributors to 

economic growth in Malaysia in the long run. These are the only two fuel types for 

which the long run elasticities are positive and significant.  Diesel and motor petrol 

are also the two fuel types with the highest mean consumption over the period (see 

Table 1). This reflects their importance as energy sources in the transportation sector. 

In 2005, more than 40 per cent of energy consumption in Malaysia occurred in the 

transportation sector, making it the dominant consumer of energy. While energy 

demand in the industrial sector now surpasses the transportation sector in Malaysia, 

the transportation sector still accounts for about one-third of energy consumption in 

Malaysia (Hosseini Wahid, 2012; Rahim & Liwan, 2012). It is expected that by 2030, 

the transportation sector will again be the dominant consumer of energy, since rising 

living standards will increase demand for motor vehicles (Ahmad et al., 2011). 

 

The heavy reliance on diesel and motor petrol for economic growth, and their 

importance in the Malaysian energy mix, is problematic because both are important 

contributors to greenhouse gas emissions and acidification. Diesel contains high 

quantities of sulfur, which, in combustion, generates sulfur dioxide and sulfur 

trioxide, which causes acid rain. Motor petrol is the world’s major cause of fossil fuel 

pollution. Overall, about 13.5 per cent of global warming is generated by carbon and 

nitrogen emissions from the transportation sector (Hosseini & Wahid, 2012).  
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What do our results mean for the fuel mix in Malaysia? Both diesel and motor petrol 

derive from petroleum and oil. While Malaysia has traditionally had large reserves of 

oil, these have been declining since 2005. Malaysia is set to move from being a net 

exporter of oil to a net importer of oil in 2013-2015 (Rahim & Liwan, 2012). Based 

on production levels in 2005, it is estimated that Malaysia’s oil reserves will be totally 

depleted somewhere between 2025 and 2030 (Ahmad et al., 2011; Chau & Oh, 2010). 

Given the importance of diesel and motor petrol to economic growth, this raises the 

issue of whether it is possible for Malaysia to develop cleaner substitutes for diesel 

and motor petrol, which will not have an adverse effect on output levels. 

 

Cleaner alternatives to petroleum diesel and motor petrol, not derived from petroleum, 

are biodiesel, biomass to liquid (BTL), gas to liquid (GTL) and solar power. Malaysia 

has a substantial amount of biomass resources. Palm oil wastes, including biogas, are 

the largest source of biomass in Malaysia. Malaysia is the world’s second largest 

producer, and exporter, of crude palm oil (Shafie et al., 2011).  Malaysia has been 

experimenting with biodiesel products, such as fatty acid methyl ester (FAME) and 

palm methyl ester (PME) as alternatives to diesel petroleum in the transport sector 

(Hosseini & Wahid, 2012). FAME has been found to be the best substitute for 

petroleum diesel in compression-ignition engines (Lim & Lee, 2010). PME has been 

found to have similar characteristics to petroleum and to work well in diesel engines 

(see eg. Lin et al., 2006). There has been some success with using biodiesel in the 

marine sector in Malaysia, with boats reporting lower smoke emissions due to the 

biodegradable and non-toxic characteristics of biodiesel (Abdullah et al., 2009). 
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The reality, though, is that the use of biodiesel in the transport sector in Malaysia is 

still very much experimental and minuscule, compared with motor petrol and 

petroleum diesel. Malaysia’s national biofuel policy, introduced in 2005, has a target 

of increasing the proportion of diesel used in the transport sector to 5 per cent (with 

the other 95 per cent being petroleum diesel).  These targets were made compulsory in 

government agencies in 2010 (Abdullah et al., 2009).  This is still a long way short of 

biodiesel replacing petroleum diesel and motor petrol in the transport sector in any 

meaningful sense. Gan and Li’s (2008) findings suggest that it will take several 

decades to substitute a primary energy source with renewable energy and a century 

for a renewable energy source to realize 50 per cent market penetration. 

 

7. Conclusion 

This study has examined the effect of disaggregated energy type on economic growth 

in Malaysia using an augmented production function. It is the first study to do so for 

Malaysia. The main finding was that diesel and motor petrol are the major 

contributors to economic growth in Malaysia. The problem for Malaysia is that both 

are major causes of acidification and greenhouse emissions and that Malaysia’s 

reserves of oil are depleting.  The challenge moving forward for Malaysia will be to 

replace diesel and motor petrol with non-petroleum based cleaner alternatives, which 

will not adversely affect Malaysia’s growth rate.  Malaysia has started to commence 

with biofuel alternatives in the transport sector, but market penetration is low. As 

others have noted, renewable energy options take time to implement (Narayan & 

Smyth, 2008; Soytas & Sari, 2006), meaning that the potential to replace diesel and 

motor petrol with biodiesel alternatives in the foreseeable future look rather bleak. 
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Table 1: Descriptive Statistics  

Variables  Mean Std. Dev.  Skewness  Kurtosis  Jarque-Bera 

Gross Domestic Product 8.093 0.3369 -0.1897 1.5864 2.8563 

Gross Capital Formation 6.758 0.3769 -0.3175 2.1992 1.3927 

Labor Force 4.115 0.0196 -0.4723 1.6776 3.5212 

ATF and AV Gas  6.294 0.5359 -0.4358 1.6154 3.5690 

Coal and Coke  5.807 0.6918 -1.2629 4.1247 10.1932
***

 

Diesel  8.029 0.2439 -0.5369 1.8298 3.3632 

Electricity  7.431 0.6127 -0.2618 1.5127 3.3151 

Natural Gas  6.777 1.4888 -1.2450 3.5262 8.6357
**

 

Kerosene  4.379 1.0015 -0.6702 2.9273 2.4024 

Liquefied Petroleum Gas  6.075 0.7611 -0.6425 2.1817 3.0943 

Non-Energy  5.682 0.2406 -0.3701 3.8336 1.6568 

Fuel Oil  6.385 0.4517 -1.1094 3.8289 7.4803
**

 

Motor Petrol  7.770 0.4053 -0.4115 1.7161 3.1010 
Notes: 

*
 (

**
) 

***
 denote statistical significance at the 10%, 5% and 1% levels respectively. 
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Table 2: Results of LM Test with One Break (Lee and Strazicich, 2004 Model A) 

 
Series TB K St-1 Bt 

Gross Domestic Product 1998 3 -0.3277 

(-2.8480) 

0.0845
**

 

(1.7648) 

Gross Capital Formation 1999 2 -0.3288 

(-2.9525) 

0.5724
***

 

(2.4688) 

Labor Force 1999 3 -0.1343 

(-2.2939) 

0.0195
***

 

(4.0125) 

ATF and AV Gas  1989 0 -0.3229 

(-2.4432) 

0.1260 

(1.2820) 

Coal and Coke  1989 2 -0.3128 

(-2.1690) 

0.5463
*
 

(1.6827) 

Diesel  2004 1 -0.2760 

(-2.4857) 

-0.0895
*
 

(-1.3872) 

Electricity  2000 3 -0.1515
**

 

(-3.7806) 

0.0404
*
 

(1.5189) 

Natural Gas  1988 1 -0.2352
*
 

(-3.3998) 

0.1909 

(0.7511) 

Kerosene  2008 1 -0.4362 

(-3.1141) 

-0.8087
***

 

(-8.7244) 

Liquefied Petroleum Gas  1998 3 -0.3902 

(-2.7980) 

0.7593
**

 

(2.3344) 

Non-Energy  1997 0 -0.5099
*
 

(-3.2571) 

-0.2638
*
 

(-1.5336) 

Fuel Oil  2008 2 -0.1729 

(-2.3457) 

-0.3443
*
 

(-1.5288) 

Motor Petrol  2005 3 -0.2194 

(-1.7719) 

-0.1380
***

 

(-2.6173) 

 
Notes: TB is the date of the structural break; K is the lag length; St-1 is the LM test statistic; Bt is the 

dummy variable for the structural break in the intercept. Figures in parentheses are t-values.  Critical 

values for the LM test statistic from Lee and Strazicich (2004) at the 10%, 5% and 1% significance 

levels are -3.211, -3.566, -4.239. Critical values for the structural break follow the standard normal 

distribution. 
*
 (

**
) 

***
 denote statistical significance at the 10%, 5% and 1% levels respectively. 
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Table 3: Results of LM Test with One Break (Lee and Strazicich, 2004 Model C) 

 
Series TB K St-1 Bt Dt 

Gross Domestic 

Product 

1994 3 -0.7067
*
 

(-4.2165) 

0.0325 

(1.1003) 

0.0238
*
 

(1.6025) 

Gross Capital 

Formation 

1994 3 -0.6280 

(-3.8323) 

0.3901
***

 

(2.5917) 

-0.1014
**

 

(-1.8294) 

Labor Force 1999 3 -0.3412 

(-3.1602) 

0.0205
***

 

(4.6153) 

-0.0050
***

 

(-2.9653) 

ATF and AV Gas  1995 0 -0.7058 

(-4.1118) 

0.0954 

(1.0974) 

0.0178 

(0.5094) 

Coal and Coke  1986 3 -2.3782
***

 

(-6.646  

0.5543
***

 

(2.7547) 

-0.8659
***

 

(-5.6173) 

Diesel  1994 3 -0.7442
**

 

(-4.8645) 

-0.0872
**

 

(-1.7341) 

0.0859
***

 

(2.9288) 

Electricity  2000 3 -0.4273
***

 

(-5.2637) 

0.0670
***

 

(2.9137) 

0.0002 

(0.0212) 

Natural Gas  1991 3 -0.7625
***

 

(-7.6895) 

0.2203
*
 

(1.5443) 

-0.5149
***

 

(-8.1275) 

Kerosene  2003 1 -0.7071
**

 

(-4.5619) 

-0.0806 

(-0.5440) 

-0.0454 

(-0.7452) 

Liquefied Petroleum 

Gas  

1994 2 -0.7672
*
 

(-4.3079) 

1.2312
***

 

(6.3768) 

-0.4673
***

 

(-4.9702) 

Non-Energy  1996 0 -0.6357 

(-3.8005) 

0.3488
**

 

(1.8866) 

-0.2097
***

 

(-2.7299) 

Fuel Oil  1998 2 -0.3604 

(-2.9885) 

0.0458 

(0.2122) 

0.0923 

(0.7339) 

Motor Petrol  1995 0 -0.7442
*
 

(-4.2863) 

0.0206 

(0.4073) 

0.0444
*
 

(1.6526) 

 
Critical values for St-1 

location of break, λ 0.1 0.2 0.3 0.4 0.5 

1% significant level -5.11 -5.07 -5.15 -5.05 -5.11 

5% significant level -4.50 -4.47 -4.45 -4.50 -4.51 

10% significant level -4.21 -4.20 -4.18 -4.18 -4.17 

 

Notes: TB is the date of the structural break; K is the lag length; St1 is the LM test statistic; Bt is the 

dummy variable for the structural break in the intercept; Dt  is the dummy variable for the structural 

break in the slope. Figures in parentheses are t-values. The critical values for the LM test statistic are 

symmetric around λ and (1-λ). Critical values for other coefficients follow the standard normal 

distribution.  
*
 (

**
) 

***
 denote statistical significance at the 10%, 5% and 1% levels respectively. 
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Table 4: UECM Estimations Results 

  F-statistic Adjusted R2 Ramsey Test 

ATF and AV Gas (1,1,2,0) 4.9566* 0.9980 0.1811 
Coal and Coke (1,1,2,0)  5.0426** 0.9980 0.1428 
Diesel (1,1,0,2) 4.6132* 0.9981 0.0752 
Electricity (1,1,2,0) 4.5721* 0.9980 0.2980 
Natural Gas (1,1,2,0) 4.8156* 0.9980 0.4773 
Kerosene (1,1,2,2) 2.7862 0.9981 0.3712 
Liquefied Petroleum Gas (1,1,2,1)  5.3456** 0.9984 0.1286 
Non-Energy (1,1,2,0) 4.8120* 0.9982 0.1824 
Fuel Oil (2,2,2,2) 2.0250 0.9980 0.3927 
Motor Petrol (1,1,2,0) 4.5624** 0.9988 1.5124 
Notes: Critical values of the F-statistics for the bounds test are taken from Narayan (2005). Selection of 

the number of lags is based on Akaike Informaiton Criterion (AIC) and specification tests.  
*
 (

**
) 

***
 

denote statistical significance at the 10% and 5% levels respectively. 
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Table 5: ARDL Long-run Estimates  
 
 ATF and AV Gas 

(1,1,2,0) 
Coal and Coke 
(1,1,2,0) 

Diesel 
(1,1,0,2) 

Electricity 
(1,1,2,0) 

Constant -3.5863** -3.4330*** -0.8078 -3.1824 
GDP (-1) 0.9333*** 0.9180*** 0.8945*** 0.9065*** 
Capital 0.1931*** 0.1927*** 0.1905*** 0.1925*** 
Capital (-1) -0.1829*** -0.1816*** -0.1785*** -0.1800*** 
Labor 0.1235 -0.0075 0.1662 0.0553 
Labor (-1) -0.3901 -0.3114 - -0.3515 
Labor (-2) 1.2622** 1.2921** - 1.2141* 
Energy -0.0023 0.0073 0.0917 0.0138 
Energy (-1) - - -0.0942 - 
Energy (-2) - - 0.1173** - 
Long-run energy 
elasticity 

-0.348 0.0885 1.0890*** 1.1472 

  Natural Gas 
 (1,1,2,0) 

Liquefied  
Petroleum Gas  
(1,1,2,1)  

Non-Energy  
(1,1,2,0) 

Motor Petrol  
(1,1,2,0)   

Constant -2.9246** -3.3386*** -3.5017*** -2.0243 
GDP (-1) 0.9045*** 0.9225*** 0.9302*** 0.8592*** 
Capital 0.1975*** 0.1937*** 0.1933*** 0.2016*** 
Capital (-1) -0.1776*** -0.1888*** -0.1822*** -0.1811*** 
Labor -0.1326 -0.2805 0.1033 -0.2112 
Labor (-1) -0.3562 0.0579 -0.3829 -0.1403 
Labor (-2) 1.3506** 1.1791** 1.2577** 0.9601 
Energy 0.0061 -0.0220* -0.0014 0.0699 
Energy (-1) - 0.0260* - - 
Long-run energy 
elasticity 

0.0636 0.0517 -0.0197 0.4964*** 

Notes: Selection of the number lags based on the AIC and specification test. *, ** and *** denote 

significant at 10%, 5% and 1% level respectively. All the long-run parameters are stable based on the 

CUSUM test.  
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Table 6: ARDL Short-run Estimations (for models that have cointegration) 
 

 
ATF and AV Gas  Coal and Coke  Diesel  Electricity  

∆Capital 0.1896*** 0.1991*** 0.1743*** 0.1806*** 
∆Capital (-1) -0.0019 -0.0198 -0.0253 -0.0127 
∆Labor -0.2537 -0.3062 -0.4476 -0.3091 
∆Labor (-1) -0.1972 0.3300 

 
0.0392 

∆Labor (-2) 0.9728* 0.8547 
 

0.4101 
∆Energy 0.0430 0.0197 0.1848*** 0.2313* 
∆Energy (-1) 

  
-0.0053 

 ∆Energy (-2) 
  

0.1058** 
 ECT (-1) -0.1589** -0.1254** -0.1284*** -0.1587 

Constant 0.0248*** 0.0245*** 0.0236*** 0.0143* 
BP 5.6154 4.0745 6.7593 6.0684 
Arch 0.7341 0.0252 0.2664 0.0735 
Adj R2 0.8241 0.8375 0.8682 0.8165 

 
Natural Gas  Liquefied Petroleum  Non-Energy  Motor Petrol  

  
Gas  

  ∆Capital 0.2041*** 0.1908*** 0.2127*** 0.2075*** 
∆Capital (-1) -0.0008 -0.0072 -0.0051 0.0070 
∆Labor -0.4064 -0.6417 -0.4024 -0.5083 
∆Labor (-1) -0.0011 0.2220 0.2274 -0.7571 
∆Labor (-2) 1.0405* 1.0021* 0.9502** -0.1544 
∆Energy 0.0090 -0.0227 -0.0186 0.0753 
∆Energy (-1) 

 
0.0073 

  ECT (-1) -0.0956** -0.0833** -0.0875*** -0.1062* 
Constant 0.0246*** 0.0278*** 0.0253*** 0.0071 
BP 9.2256 8.6996 6.4198 6.5756 
Arch 0.0344 0.0460 0.0440 0.9986 
Adj R2 0.8221 0.8428 0.8638 0.8413 
 

Notes: ECT error correction term. BP: Breusch-Pagan/Cook-Weisberg test for heteroskedasticity, H0: 

constant variance, reported value: chi-square. ARCH: LM test for ARCH, H0: no ARCH effects, 

reported value: chi-square. *, ** and *** denote significant at 10%, 5% and 1% level respectively. 
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Table 7: ARDL Short-run Estimations (for models that with no cointegration) 

 

 
Kerosene Fuel Oil 

∆Capital 0.2086*** 0.1952*** 
∆Capital (-1) -0.0011 -0.0070 
∆Capital (-2) 

 
0.0127 

∆Labor -0.4751 -0.3026 
∆Labor (-1) -0.4999 -0.8696 
∆Labor (-2) 0.7781* 0.4329 
∆Energy 0.0491*** 0.0394*** 
∆Energy (-1) 0.0360** 0.0292** 
∆Energy (-2) 0.0183 -0.0164 
Constant 0.0393*** 0.0292*** 
BP 11.6389 3.8051 
Arch 0.4698 0.8152 
Adj R2 0.9003 0.8771 
 

Notes: See notes to Table 6 
 


