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This paper investigates the causal relationship between energy consumption and economic productivity
in Malaysia at both aggregated and disaggregated levels. The investigation utilises total and sectoral
(industrial and manufacturing) productivity growth during the 1971—2012 period using the modified
Granger causality test proposed by Toda and Yamamoto [1] within a multivariate framework. The
economy of Malaysia was found to be energy dependent at aggregated and disaggregated levels of na-
tional and sectoral economic growth. However, at disaggregate level, inefficient energy use is particularly
identified with electricity and coal consumption patterns and their Granger caused negative effects upon
GDP (Gross Domestic Product) and manufacturing growth. These findings suggest that policies should
focus more on improving energy efficiency and energy saving. Furthermore, since emissions are found to
have a close relationship to economic output at national and sectoral levels green technologies are of a

Keywords:

Energy consumption
Productivity
Efficiency

Toda and Yamamoto highest necessity.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Over three decades, since the pioneering study of Kraft and Kraft
[2], researchers have attempted to capture the relationship be-
tween energy consumption and economic growth. Examples of the
early studies are shown in Table 1. The study of Akarca and Long [3]
documented no causal relationship between GEC (Gross Energy
Consumption) and GNP (Gross National Product) in the US econ-
omy which was confirmed by the study of Yu and Hwang [4]. Yu
and Choi [5] identified mixed results on the causal relationship
between GNP and energy using the data of in five countries.
Similarly, the finding of Erol and Yu [6] found different results for
six industrial countries. Nachane, Nadkarni [7] revealed bidirec-
tional causal relationship between energy and GDP (Gross Do-
mestic Product) in 16 countries except Colombia and Venezuela by
adopting Engle-Granger cointegration and Sim's techniques. These
studies focused solely on developed countries, while later studies
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included emerging markets. There are many reasons for this
research phenomenon. One reason is the lack of available and
reliable data [8]. Another and more important reason is that the
economies of developed countries are usually more energy-
dependent while emerging markets do not rely as much on en-
ergy consumption until later stages of development. Studies con-
ducted on early stages of the energy-growth nexus in emerging
markets may not reveal meaningful information. However, in
recent decades, many emerging markets with rapid economic
growth have become more energy dependent. Information on the
real causal relationship between energy consumption and eco-
nomic growth has become a must for emerging market govern-
ments in order to design policies that can sustain economic growth
with limited energy resources. Moreover, with the increasing
awareness of environmental issues and accompanying pressures at
domestic and international levels, studies on the nexus between
energy and growth that provide reliable findings are urgently
needed.

Malaysia is an emerging market with remarkable economic
growth. From 1967 to 1997, Malaysia managed to maintain an
annual average growth rate of more than 7 percent [9]. After the
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Table 1
Existing studies and their findings on the relationship between growth, energy and emission.

Author Period Model Sample Nexus

Kraft and Kraft [2] 1947—-1974 Granger causality USA GNP—EC

Akarca and Long [3] 1950—-1970 Sims' technique USA GNP—EC

Yu and Hwang [4] 1947—-1979 Sims' technique USA GNP—EC

Yu and Choi [5] 1950-1979 Sims' and Granger causality 5 countries GDP—EC (UK, Poland, USA)
GDP— EC(Korea)
EC— GDP (Philippines)

Erol and Yu [6] 1950—-1982 Sims' and Granger causality 6 countries EC <~ GNP (Japan)
GDP— EC (Germany, Italy)
EC— GDP (canada)
EC—GDP (France, UK)

Nachane, Nadkarni [7] 1950—-1985 Engle-Granger cointegration 16 countries GDP « EC (except Colombia

Sims' and Granger Causality and Venezuela)
Tang and Shahbaz [17] 1972-2010 Johansen Cointegration and Pakistan Electricity — GDP
Toda—Yamamoto Test Electricity < Manufacturing

Growth

Masih and Masih [19] 1955—-1990 Johansen Cointegration and 6 countries Energy — GDP (India)

Chandran, Sharma [15]
Soytas and Sari [20]

Yoo and Jung [21]
Masih and Masih [24]
Masih and Masih [25]

Rafiq [26]

Wang, Wang [30]
Tang and Tan [27]

Ghali and

El-Sakka [28]
Soytas and Sari [29]
Chang [32]

Ozturk and
Acaravci [33]
Shahbaz, Khan [31]

Yoo [44]

(India, Pakistan and Malaysia);
1960—1990

(Indonesia and Singapore);
1955—1991 (Philippines)
1971-2003

1950—1992

1977-2002
1955—-1991
1955—1991(Korea);

1952—-1992(Taiwan)
1965—2006

1972-2006
1972-2009

1961-1997
1968-2002
1981-2006
1968-2005

1971-2011
1971-2002

Granger causality

ARDL and Granger causality
Johansen cointegration and
Granger causality

Johansen cointegration and
Granger causality
Johansen cointegration and
Granger causality
Johansen cointegration and
Granger causality

Johansen cointegration and VECM

ARDL and Granger causality
Johansen cointegration, ARDL
and Granger causality

Johansen cointegration and VEC

Johansen cointegration and VEC
Johansen cointegration and VEC
ARDL and Granger causality

ARDL and Granger causality

Engle—Granger cointegration and

Hsiao's Granger causality test

Malaysia
G-7 countries

Korea
Thailand and Sri Lanka
Korea and Taiwan

6 countries

China
Malaysia

Canada
Turkey
China
Turkey
China

Indonesia, Malaysia,
Singapore, and Thailand

GDP— Energy (Indonesia)
GDP « Energy (Pakistan)

Electricity —» GDP

EC«~ GDP (Argentina)
GDP— EC (Italy, Korea)
EC— GDP (Turkey, France,
Japan, Germany)

Energy — GDP

GDP—Energy (Thailand)
Energy — GDP (Sri Lanka)
EC~ GDP

Energy — GDP(China)
GDP— Energy (India)
GDP < Energy (Thailand)
Energy—GDP (Malaysia,
Indonesia, Philippines)
Energy — GDP

EC~GDP

EC— GDP

Electricity < value added
GDP < emission

GDP « Energy (coal, crude
oil and electricity)
Energy—GDP
Emission—GDP

Energy — GDP

GDP < Electricity
(Malaysia, Singapore);
Electricity —» GDP
(Indonesia, Thailand)

Tang [45] 1970 to 2005 ARDL and Granger causality Malaysia GDP < Electricity

Ang [46] 1971-1999 Johansen cointegration and ECM Malaysia Energy — GDP

Shaari, Hussain [47] 1980 to 2010 Johansen cointegration and Malaysia Energy—GDP (oil,coal)

Granger causality GDP— Electricity

Gas— GDP

Park and Yoo [48] 1965—-2011 Johansen cointegration and ECM Malaysia GDP «~ 0il

Gross [16] 1970—-2007 ARDL and Granger causality USA Commercial Growth — energy
Transport Growth < energy

Note: “— " stands for “unidirectional Granger cause”, “—" stands for “does not Granger cause” and “« " stands for “bidirectional Granger cause”, “ARDL” stands for Autor-

egressive Distributed Lags, “ECM” stands for error-correction model.

Asian financial crisis, economic growth began to slow down until
2013 [10]. However, with the aim to achieve the status of high-
income nation by 2020 (the 2020 Vision), Malaysia must at the
very least maintain its economic growth rate and plan well in order
to regain its historical high growth momentum. Therefore, there is
no room for mistakes in designing and implementing economic
policies. Consequently, the government has continuously revised
its energy policies in order to sustain the supply of energy resources

initiated.

[11]. Additionally, more initiatives and programs have been
implemented to achieve the 2020 Vision Plan. The ETP (Economic
Transformation Program) launched in 2010 is considered the most
comprehensive plan to stimulate the economy. Under this program,
numerous government-driven high impact projects have been

Along with the implementation of ETP, energy demand has been
growing steadily. As a country that initially relied solely on crude,
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Malaysia has gradually managed to achieve a good mix of energy
resources. Due to the energy crisis of the 1970s, Malaysia adopted a
four fuel diversification policy in 1981 that helped the country to
better manage its energy sources by utilising alternatives such as
hydropower, natural gas, and coal [11,12]. This diversification policy
mitigates the negative impact of any energy crisis related to
dependence on crude oil and has been maintained and further
expanded. A five fuel diversification policy that incorporated
renewable energy was introduced in 1999 [13] and implemented in
2001 [12]. However, as Ong, Mahlia [13] have pointed out, in the
near future Malaysia will not be able to fully utilise renewable
energy in order to replace non-renewable energy that is gradually
being exhausted and that causes greenhouse gas emissions. From
the perspective of environmental preservation and energy security,
identifying the relationships between economic growth, energy
consumption, and emissions is particularly significant for Malay-
sia's sustainable development.

This research contributes to the existing literature in several
ways. First, most of the studies in Malaysia adopted a bivariate
framework. Liitkepohl [ 14] pointed out that the bivariate model for
the Granger causality test suffers from the drawback of providing
biased results due to the omission of other important variables.
Therefore, this investigation adopts the modified Granger causality
introduced by Toda and Yamamoto [1| within a multivariate
framework that includes both aggregate and disaggregate energy
consumption of electricity, fossil, mineral, waste, and coal. Chan-
dran, Sharma [15] suggested that future studies in Malaysia should
incorporate different types of energy consumption so that policy
implications on sectors can be derived. Additionally, the studies of
Gross [16], Tang and Shahbaz [17] show that the findings using
sectoral data of economic growth are necessary to enable the
government to formulate a more comprehensive energy policy at
both aggregate and sectoral levels. Hence, data on manufacturing
and industrial growth are utilised in this paper. Furthermore, since
environmental issues are largely related to energy consumption,
economic growth emissions are also included in this research. The
multivariate framework incorporating disaggregate energy con-
sumption along with sectoral economic growth and environmental
indicators will provide more comprehensive and reliable findings
to aid policy design and implementation in Malaysia.

The earlier studies focused on the nexus between energy and
growth following the pioneering study of Kraft and Kraft [2] as
shown in Table 1. However, the findings are rather mixed due to the
estimation techniques and hence, it is difficult to derive conclusive
evidence for policy making [8,18]. Two major reasons contribute to
this phenomenon. First is the selection of the model. Some studies
followed the early trend of adopting a bivariate model (Kraft and
Kraft [2] for USA; Masih and Masih [19] for six Asian countries;
Soytas and Sari [20] for G-7 countries; Yoo and Jung [21] for Korea).
However, the bivariate model has been criticised for being biased
due to the omission of other relevant variables [8,22,23]. Two
groups of studies used the multivariate model, 1) the studies that
applied economic theoretical models and focused on the demand
side that incorporates prices, such as Masih and Masih [24] for
Thailand and Sri Lanka, Masih and Masih [25] for Korea and Taiwan,
Rafiq [26] for six countries and Tang and Tan [27] for Malaysia. 2)
the studies that applied a production function that incorporates
labour and capital, and utilised disaggregate energy consumption,
sectoral economic growth or other variables, such as Ghali and El-
Sakka [28] for Canada, Soytas and Sari [29] for Turkey, Wang, Wang
[30], Shahbaz, Khan [31] and Chang [32] for China, Ozturk and
Acaravci [33] for Turkey and Tang and Shahbaz [17] for Pakistan.

Secondly, the mixed findings are caused due to the limitations of
the techniques. Existing studies use either Granger causality test for
stationary data or cointegration tests proposed by Engle and

Granger [35], Johansen [36] and Johansen and Juselius [37]. The
former is criticised on the grounds that it may force the short-run
dynamic into the residuals [38,39], while, the latter may fail
when the assumption that all the variables should be integrated
with the same order is violated. Toda and Yamamoto [ 1] proposed a
test approach that does not require the test variables to be inte-
grated at the same order and that has gained increasing popularity
in recent studies (Wolde-Rufael [40], Bowden and Payne [41], and
Soytas and Sari [42] and Banna, Rahman [43]).

The empirical studies on energy-growth are relatively few in the
case of Malaysia as presented in Table 1. Masih and Masih [19] re-
ported no causality while Yoo [44] and Tang [45] found a bi-
directional causality. Ang [46] included pollutant emissions and
found a unidirectional causal relationship running from GDP to
energy while emissions is found to Granger cause GDP. Tang [45]
took foreign direct investment and population into account and
reported bidirectional causality between economic growth and
electricity consumption. Chandran, Sharma [15] incorporated price
and found that electricity consumption Granger causes economic
growth indicating that Malaysia relies heavily on energy. Shaari,
Hussain [47] included disaggregate energy consumption of oil, gas,
coal, and electricity and found that economic growth is not caused
by oil and coal consumption and vice versa. However, unidirec-
tional causal relationships running from economic growth to
electricity consumption and from gas consumption to economic
growth are found. Tang and Shahbaz [17] used energy prices and
technology and found a bidirectional causal relationship between
electricity consumption and economic growth. Park and Yoo [48]
investigated the causal relationship between economic growth
and oil consumption and also reported bidirectional causality.

From the existing studies, we notice that the literature in
Malaysia have inconsistent findings. More studies are necessary in
order to reveal the true nature of the energy-growth nexus in
Malaysia. Since most of the studies in Malaysia neglect the potential
information that can be derived from examining the causal rela-
tionship at the sectoral and disaggregate level, this study is novel,
as we have incorporated both aggregate and disaggregate energy
consumption (electricity, coal fossil, waste, and minerals) and
sectoral output growth (GDP growth, manufacturing growth, and
industrial growth). In addition, carbon emission is included to
investigate the interaction of energy consumption and economic
growth with the environment. The objective is to provide more
comprehensive and sufficient empirical evidence for policymakers
to properly design policies that can better tackle the issues related
to energy, the economy, and the environment simultaneously.

The remainder of this paper is organised as follows: Section 2
discusses the data and estimation techniques; Section 3 presents
the empirical results, Section 4 focuses on the discussion; and
Section 5 presents the concluding remarks.

2. Data and estimation technique
2.1. Data

This study examines the long-run causal relationship between
sectoral productivity growth and energy consumption at both
aggregated and disaggregated levels. The aggregate energy con-
sumption refers to the usage of total energy consumed by all pro-
ductive sectors, while disaggregated energy consumption refers to
the energy usage from the specific energy sector, e.g. usage of
electricity. The amount of aggregate energy is used in this study to
identify the influences of overall energy usage on Malaysian
output-growth. The disaggregate energy consumption identifies
which energy sector has highest impact on the sectoral produc-
tivity. It further helps the policy makers to emphasise and improve
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the specific energy sector that shows the significant contribution
on the productivity-growth. The components of disaggregate en-
ergy consumption used in this study are electricity, fossil fuel, coal,
waste, and minerals. Both aggregate and disaggregate components
are collected from the World Bank spanning the period from 1971
to 2012 on an annual basis and transformed into log form before
they were used in the Toda and Yamamoto (T—Y) test. The trends of
the data series are presented graphically in Fig. 1.

The data of total and disaggregated energy consumption is
provided in Fig. 1 along with the sectoral productivity. The trend of
both aggregate and disaggregate energy consumption is found
statistically to maintains long-run relationship with the sectoral
productivity. These findings are further empirically examined
employing econometrics estimation technique.

2.2. Toda and Yamamoto (T—Y) causality test

The T-Y technique is used to present the long-run causal rela-
tionship between energy consumption and productivity growth.
The long-run relationship is highlighted through the Granger cau-
sality between two variables as bivariate basis. Two variables are
associated in long-run relationship when one is Granger caused by
the other. For example, energy (y;) is said to Granger-cause pro-
ductivity-growth (mj) if productivity-growth can be better pre-
dicted using the histories of both energy and productivity rather
than using the history of productivity alone. We can estimate the
Granger-cause using the following formula:

mi; = (3,10 + Q1M+ ...+ QpMt_p + MYe1+ ...+ Apytfp + Uqe

(1)

Yit=mio+¢1Ye-1+ ... +PpYe—p +s1Mp1 + ... + pMe—p + V¢
(2)
If the null hypothesis in Equation (1), Ho: 4y =2 = ... =4 =0

against the alternative hypothesis, Hy: Not Hy, is a test that energy
does not Granger-cause productivity-growth. Therefore, the
Granger causal relationship exist if the null hypothesis is rejected.
Similarly, if the null hypothesis in Equation (2), Hp:
¢1 = ¢2 = ... = ¢p = 0 against the alternative hypothesis, Hy: Not Ho,
is a test that productivity-growth does not Granger-cause energy. If
the null hypothesis is rejected, there would be Granger-causal
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relationship between two variables. If the null hypothesis of both
Equations (1) and (2) is rejected, the Granger-causal relationship
refers to bidirectional causal relationship but if the null hypothesis
of either one is rejected, the relationship is called unidirectional
causal relationship.

However, the Granger causality developed by Granger [49] is
one of the earliest methods to estimate the causal effect by using
time series data. It is normally conducted by estimating VAR (Vector
Autoregression) models. It suffers if the dataset is non-stationary.
Furthermore, in case of multivariable Granger causality, it is diffi-
cult to confirm the cointegrating relationship and cumbersome to
estimate the VAR correctly when the system is integrated. To
overcome these problem, Toda and Yamamoto [ 1] came up with the
MWALD (Modified Wald) test or augmented VAR technique
regardless of integrated or integrated series. It is easier to estimate
the Granger causality test and does not require testing cointegra-
tion or transformation of VAR into VECM (Vector Error Correction
Model). It has comparative advantages in respect to the pre-testing
issue of cointegration estimation using unit root tests. This tech-
nique reduces the cumbersomeness of implementation and mini-
mizes the risk of identifying correct order as it is performed
regardless of orders of cointegration [50]. It is therefore an alter-
native approach and easier technique of cointegration for testing
the (non) causality among time series variables.

This procedure restricts the parameters of VAR (p) model. Three
stages of procedures are implemented in this technique. Firstly,
testing each of series to determine the maximum order of inte-
gration (dmax). Normally, ADF (Augmented Dickey-Fuller) devel-
oped by Dickey and Fuller [51], PP (Phillips—Perron) developed by
Phillips and Perron [52] tests and KPSS (kwiatkowski, Phillips,
Schmidt and Shin test) test developed by Kwiatkowski, Phillips [53]
are used to find the dpyax. Secondly, the optimal lag length (p) is
determined using different lag length criterion such as SC (Schwarz
information criterion) developed by Schwarz [54], AIC (Aikaike's
information criterion) developed by Akaike [55], HQ (Hannan
Quinn) developed by Hannan and Quinn [56] and FPE (final pre-
diction error) developed by Akaike [57]. Thirdly, the Modified Wald
is used to test VAR (k) model for the causality, where the optimal
lag length is equal to k = (p + dmax)-

To undertake the T—Y based Granger causality test, we have
specified the model as follows:

Disagreegated energy consumption and sectoral output productivity

e

-

/\/ \
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= Electricity === Carbon emission GDP
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Fig. 1. Flow of sectoral productivity and disaggregated energy consumption.
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k

i=1

dmax

} Jj=k+1 (3)

i=1

from energy consumption (both of aggregate and disaggregate) to

k dmax k dmax
Mg =00+ » QM+ Y QoM (j+ > yienergy._i+ » _ vajenergy, j+ » v electricity, i+
i=1 Jj=k+1 i=1 j=k+1
dmax k dmax k
>, ypjelectricity, j+> & fossil_j+ Y Eyyfossily j+ > wijmineral,_;j+ Y wpjmineral,_j+
J=k+1 i=1 j=k+1 i=1
k Amax k Amax
S vqcoal_+ Y Vpjcoali_j+ Y ¢yemission, -+ Y ¢pjemission, -+ » g waste,_ i+
i=1 j=k+1 i=1 j=k+1 i
dmax
2. myjwaster j+ e
Jj=k+1
where,

m;; — productivity, specifically GDP growth, industrial and
manufacturing productivity.

Q; — Parameters of lagged productivity

v; — Parameters of total Energy

y; — Parameters of electricity

¢; — Parameters of fossil fuel

wj — Parameters of mineral

¥; — Parameters of coal

¢; — Parameters of emission

n; — Parameters of waste

We can test the causality from total energy consumption to
productivity (m;) by checking the validity of the null hypothesis of
v1; = 0 Vi in Equation (3). Similarly, we can test the causality from
other variables to productivity in the same equation. Furthermore,
the response of energy consumption (both of aggregate and
disaggregate) to the change of productivity is estimated using the
Equation (4) as follows:

k dmax
Yie=0i0+ > briMei+ Y dajMej + e (4)
i=1 ki1

where,

yir — The set of energy consumption variables: total energy,
electricity, fossil fuel, mineral, coal and waste.

m;; — productivity, specifically GDP growth, industrial and
manufacturing productivities

¢1;— Parameters of productivity

We can test the causality from productivity (m;;) to energy
consumption (y;) by checking whether the null hypothesis of ¢, ; =
0 Vi is true or not. Similarly, we can test the causality from pro-
ductivity (mj¢) to x;; (emission) by checking the validity of null
hypothesis of f1; = 0 Vi in Equation (5).

k Aimax
Xig =00+ Y _01iM_i+ > O2jmej +ej (5)
i kg1

where, x;; — Emission

m;; — productivity, specifically GDP growth, industrial and
manufacturing productivity

The above Equations (3)—(5) have four possible ways of showing
the causal relationship. First, unidirectional relationship running

output productivity growth. Second, unidirectional relationship
running from output productivity growth to energy consumption.
Third, bidirectional relationship or the feedback relationship be-
tween both of energy consumption and productivity growth.
Finally, lack of any form of causal relationship among the variables.

In addition, the results found in Equations (3)—(5) are tested for
diagnostic checking in order to justify whether the models are
correctly specified. Firstly, the test of autocorrelation is performed
through Ljung—Box test where the null hypothesis of no autocor-
relation in the squared errors is not rejected at all of the lag levels.
Secondly, the presence of heteroskedasticity is tested through
Ljung—Box test as well where the null hypothesis of no hetero-
skedasticity is not rejected at all levels. Thirdly, the normality of
prediction errors is performed through Jarque—Bera test where the
null hypothesis of normality is strongly rejected. The two Ljung—-
Box tests indicate that the models used in this study are correctly
specified where the error-prediction is non-normal due to the
presence of GARCH effect. The previous literature of Rim and
Setaputra [58] and Rahman et al. [59,60] indicates that models are
considered as correctly specified, even in the presence of non-
normality in error-prediction.

3. Empirical results
3.1. Unit root results

Finding: In order to find the maximum order of lag for T-Y
causality test, the ADF (Augmented Dickey-Fuller) and PP (Phillis-

Perron) unit root tests were performed. Both tests have a null hy-
pothesis that the variables are non-stationary. The findings of ADF

Table 2

Unit root test results.
Variables ADF PP

Level 15t diff Level 15t diff

GDP -2.034 -5.338* —-2.034 -4.939*
Manufacturing output —3.479 -5.626* —3.479 —4.869*
Industrial output —2.531 —5.149* —2.665 —5.523*
Total energy -1.157 -6.576* -1.106 -6.579*
Electricity 1.818 —4.389** —0.988 —4.552*
Fossil fuel —1.998 —5.288* —1.998 -8.215*
Mineral -1.775 -7.520* —-1.939 —7.425*
Coal 0.796 —7.834* —1.549 -7.962*
Carbon emission -1.802 —7.544* -1.797 —7.503*
Waste —2.049 —7.225* —2.033 —7.489*

Note: *, **represent 1%, 5% significance level respectively based on MacKinnon [76]
one-sided P-value. The lag length is selected based on AIC for ADF and based on
Newey—West Bandwidth for PP. The unit root test is estimated using trend and
intercept at the level form, while using intercept at the 1st difference.
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and PP tests in Table 2 indicate that the null hypothesis of unit root
problem at the level form were not rejected in any of the series, but
all rejected at 1% level of significance at the first difference.
Therefore, all series are integrated at order one or I(1) which means
the maximum order of integration is one.

3.2. Toda and Yamamoto (T—Y) causality test results

Having confirmed the maximum order of integration of the
series and the optimal lag length of the VAR, the results of the T-Y
causality test are estimated which are presented in Tables 2 and 3
and in Fig. 2 graphically.

At the aggregate level, a positive (3.139) unidirectional causality
relationship from total energy consumption to GDP was found at
10% significance level that supports the growth hypothesis indi-
cated in Table 3. Additionally, bidirectional causal relationship was
found between industrial growth and total energy consumption.
These findings are consistent with Saboori and Sulaiman [61] for
Indonesia, Malaysia and Philippine, Omri [62] for MENA countries,
Zhang and Yang [63] for China, Bildirici and Bakirtas [64] for seven
countries, Ghosh and Kanjilal [65] for India and Esseghir and
Haouaoui Khouni [66] for Mediterranean countries. Manufacturing
growth was found to Granger cause total energy consumption at 1%
significance level. This finding is consistent with Salahuddin and
Gow [67] for GCC region, Lin, Moubarak [68] for China and Bastola
and Sapkota [69] for Nepal.

The findings of disaggregated energy consumption in Table 4
present a different causal relationship for different disaggregated
energies. No causal relationship was found between fossil fuel and
GDP, but there is a unidirectional causal relationship running from
industrial growth and manufacturing growth to fossil at 5% and at
1% significance level. These findings are consistent with Lin, Mou-
barak [68] for China and Bastola and Sapkota [69] for Nepal but
inconsistent with Behmiri and Manso [70] for Latin America. Bidi-
rectional causal relationship was found between coal and economic
growth. Electricity is found to negatively Granger cause GDP at 1%
significance level. This finding is inconsistent with Shahbaz and
Lean [71] who found that electricity consumption and economic
growth positively Granger cause each other in Pakistan and Tang
and Shahbaz [17] who found that electricity consumption positively
Granger cause economic growth in Pakistan. In contrast, at the
sectoral level, electricity is found to positively Granger cause in-
dustrial growth at 5% significance level and manufacturing growth
at 1% significance level. In return, industrial growth is found to
Granger cause electricity at 10% significance level. These findings
are consistent with Soytas and Sari [29] for Turkey and Tang and
Shahbaz [17] for Pakistan.

Finally, mineral is found to positively Granger cause GDP, in-
dustrial and manufacturing growth at 1% level of significance. In
return, GDP and manufacturing growth are found to negatively
Granger cause mineral at 1% significant level. Similar findings were

Table 3
T—Y causality test results on aggregated level.

Granger causes from aggregated energy consumption to sectoral productivity
GDP Growth

3.139 2.169 0.541
0.063 0.008 0.162

Industrial growth ~ Manufacturing growth

Aggregated
Energy

Granger causes from sectoral productivity consumption to aggregated energy

GDP Growth Industrial growth Manufacturing growth
Aggregate 0.050 0.058 0.337
energy 0.139 0.074 0.001

* The maximum number of lag, dmax = 1 and the optimum number of lag, p = 2.

found for waste. The findings of negative causal relationship be-
tween energy and economic growth are rare in the energy litera-
ture with the exception of Zhang and Yang [63], who documented
negative bidirectional causal relationships running from total en-
ergy and coal to GDP, for example. The empirical results in Table 4
also reveal strong interactions between emissions and economic
growth. Emission is found to Granger cause GDP at 10% significance
level while GDP and industrial growth are found to Granger cause
emission at 1% and 5% significance level. Manufacturing growth and
emission are found to Granger cause each other at 1% significance
level. These findings are consistent with Saboori and Sulaiman [61]
for Malaysia, Indonesia and Philippines, Bastola and Sapkota [69]
for Nepal, Kivyiro and Arminen [72] for Sub-Saharan Africa and
Tang and Tan [73] for Vietnam but inconsistent with Lin, Moubarak
[68] who found that a growth in manufacturing sector caused a
decrease in carbon dioxide emission in China and Salahuddin and
Gow [67] who found no Granger causality between emission and
economic growth in the GCC region. The summary of recent studies
and their relation to our findings are presented in Table 5.

4. Discussion

The strong interaction between energy consumption and eco-
nomic growth identified at both national level and sectoral level
indicates that the Malaysian economy is energy-dependent. This is
consistent with the current development stage of Malaysia. This
finding is also consistent with Malaysia's national vision to achieve
the status of a high-income industrialized country in 2020. The
empirical results reveal that a national energy saving policy will
harm economic growth as a whole and industrial growth in
particular. However, it will not hamper manufacturing growth.
Nevertheless, these policy implications should be considered
together with the information obtained at the disaggregate level.

The empirical results on the causal relationship between
disaggregate energy and economic growth have different implica-
tions. On one hand, the positive causal relationships identified are
relatively easy to comprehend. The positive bidirectional causal
relationships running from coal to GDP and electricity to industrial
growth and the positive unidirectional causal relationship running
from coal, waste and mineral to industrial growth, electricity and
mineral to manufacturing growth, mineral and waste to GDP sug-
gest that both GDP and sectoral growth in Malaysia are dependent
on coal, minerals, waste, and electricity. Therefore, the decrease in
coal, minerals, and waste consumption may cause a decrease in
GDP and the decrease in electricity, coal, waste and mineral may
hamper industrial growth. Similarly, a decrease in electricity and
mineral consumption may also cause a decrease in manufacturing
growth. In contrast, reductions of fossil fuel consumption will not
hamper economic growth. On the other hand, the negative causal
relationships identified are greatly different from the existing
literature which documented positive causal relationship between
disaggregate energy consumption and economic growth such as
Shahbaz and Lean [71] and Tang and Shahbaz [17]. Such difference
is attributed to the adoption of the new technique of Toda and
Yamamoto [1] with the aid of multivariate analysis that helps
mitigate the drawback of research techniques applied in the
existing literature as suggested by Zhang and Yang [63].

The negative unidirectional Granger causality running from
electricity to GDP and from coal to manufacturing growth suggest
that increases in electricity and coal consumption actually lead to
the decrease of economic growth. This appears to contradict the
energy-led growth hypothesis. In addition, the negative unidirec-
tional Granger causality running from industrial and
manufacturing growth to waste and manufacturing growth and
GDP to mineral suggest reveal that conservation hypothesis is not
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valid. However, following suggestions made by Squalli [74], these
negative causal relationship can be explained. For the negative
causal relationship running from electricity to GDP, there are two
reasons. The first reason is that in a growing economy such as
Malaysia, economic production gradually shifted towards in-
dustries that are less dependent on electricity consumption. The
second reason is excessive electricity consumption in Malaysia due
to inefficiency in electricity supply, unproductive economic sectors,
or capacity constraints that lead to a decrease in economic output.

Similar reasons may apply to the negative causal relationship from
coal to manufacturing growth. The negative causal relationship
from electricity to GDP implies that policies that aim to reduce
electricity consumption will not hamper Malaysia's economic
growth.

However, this implication should be taken cautiously in
consideration of information found at the sectoral level. As
mentioned above, at the sectoral level, the findings suggest any
electricity shortages or reduction in electricity consumption may
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Table 4
T-Y causality test results on disaggregated level.

Granger causes from disaggregated energy consumption to real GDP growth

Electric  Fossil Mineral Emission Waste Coal
GDP -6.405 -18.134 0.944 0.477 8.093 0.593
growth  0.004 0.154 0.000 0.052 0.003 0.003

Granger causes from Real GDP growth to disaggregated energy consumption

Electric Fossil Mineral Emission Waste Coal
—0.043 0.014 —0.521 0.133 —-0.053 1.553 GDP
0.191 0.157 0.000 0.008 0.186 0.087 growth

Granger causes from disaggregated energy consumption to industrial output
growth

Electric Fossil Mineral Coal Emission Waste
Industrial 0.319 1.764  0.116 7.023  0.123 2403
growth  0.035 0.515  0.000 0.005 0436 0.040

Granger causes from industrial output growth to disaggregated energy
consumption

Electric Fossil Mineral Coal Emission Waste
0.032 0.027 -0.267 0.007 0.123 —-0.061 Industry
0.060 0.023 0.209 0.849 0.032 0.090 growth

Granger causes from disaggregated energy consumption to manufacturing
output growth

Electric  Fossil Mineral Coal Emission = Waste
Manufactur-ing  0.304 1.540 0.166 -0.040 0311 0.034
growth 0.004 0.306 0.000 0.000 0.000 0.737

Granger causes from manufacturing output growth to disaggregated energy
consumption

Electric Fossil Mineral Coal Emission Waste
0.115 0.076 —-1.588 13.199 0.518 —0.312 Manufactur- ing
0.111 0.001 0.000 0.001 0.002 0.003 growth

* The maximum number of lag, dmax = 1 and the optimum number of lag, p = 2.

harm manufacturing growth and industrial growth. The decrease in
industrial growth may in turn cause further reduction in electricity
consumption. Therefore, the Malaysian government should be
cautious in designing energy policies relating to electricity con-
sumption when the overall information from the aggregate and
sectoral levels is taken into consideration. A similar conclusion can
be derived on coal consumption. For the negative causal relation-
ship running from GDP to mineral and manufacturing growth to
mineral and waste, several reasons may exist as suggested by
Squalli [74]. For example, though the economic growth is
increasing, factors such as constraints in infrastructure, managerial
obstacles in certain sectors, and mismanagement or spending less
than needed may cause inefficiencies and reduced consumption of
goods and services such as energy.

The close interaction between emission and economic growth
imply that policies that aim to reduce emissions should be made
delicately for the reason that reductions may compromise Malay-
sia's economic growth and the 2020 Vision of its leaders to become
a high-income country. At the same time however, although
emissions can positively induce economic growth reducing emis-
sions is urgently needed. The positive impact of economic growth is
obtained at costs accrued through the destruction of the environ-
ment. Therefore, necessary actions should be taken to mitigate
emissions problems in the long run while sustaining economic
growth.

4.1. Energy policy

Based on our discussion of the findings, and since Malaysia is
an energy-dependent economy where complicated causal

relationships exist between disaggregate energy and economic
growth, we recommend that the government design a prudent
energy policy that can sustain economic growth while tackling
environmental problems. If the government aims to tackle the
emission problem by adopting a conservation policy, due to the
negative causal relationship found on electricity and coal with
growth, there are at least three actions that need to be done. First,
the government should identify those sectors that are less
dependent on electricity and coal consumption to ensure that no
excessive electricity or coal inputs are provided to these sectors.
Secondly, unproductive industries that cause excessive electricity
and coal consumption should also be identified and urged to
improve productivity. Third, more efforts should be made in
improving energy efficiency and exploring energy saving tech-
nologies in conjunction with the second action. This can help in-
crease economic productivity while at the same time minimise the
possibility of energy shortages due to waste. Moreover, since
reducing emissions would affect economic output negatively,
green energy technologies should be sought to solve urgent
environmental issues. Meanwhile, energy efficiency should be
further improved to help the country achieve maximum economic
growth with efficient energy consumption that can reduce
emissions.

Overall, the findings of this study are significant in guiding
policymakers to develop and implement prudent policies in order
to achieve high economic growth while securing energy supplies
and protecting the environment. If Malaysia's policymakers are
unaware of these implications, negative externalities will pro-
duce long-term undesirable effects on economic productivity as
well as negative impacts on the environment, human health, and
society.

4.2. Future work

This study has considered aggregate and disaggregate indicators
to show its impact on the sectoral output-growth. We have taken
five elements of disaggregate energy consumption. The future
study in Malaysia may consider other than these five indicators to
ascertain the effect on each productive sector and its growth.
Furthermore, the comprehensive approach of this study can be
applied on other than Malaysian economy in order to see the long-
run relationship between energy and output growth at both of
aggregate and disaggregate level.

5. Conclusion

It is vital for policymakers in Malaysia to understand the causal
relationship between energy consumption, economic growth, and
environmental pollution so that proper policies can be designed to
sustain the economy while preserving the environment. This study
is different from a number of previous studies by examining such
relationships at both aggregate and disaggregate levels with sec-
toral analysis for the 1971—2012 period by incorporating emissions
as a variable. The findings of this study present several main out-
comes. First, both the aggregate and disaggregated analysis using
total and sectoral productivity data indicates that Malaysia is an
energy dependent economy. Only fossil fuel consumption is found
to have no causal effect on economic output. Secondly, negative
causality running from electricity consumption to total economic
growth and from coal consumption to manufacturing growth were
found suggesting that reducing electricity and coal consumption
can actually increase total and manufacturing output. However, a
simplistic conclusion should not be made since this negative cau-
sality may actually indicate inefficient use of electricity and coal
consumption in unproductive sectors. Therefore, energy efficiency
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Selected recent literature and their findings on the relationship between growth, energy and emission.

Esseghir and Haouaoui 1980—-2010 Westerlund's Panel cointegration test Mediterranean Energy < GDP
Khouni [66] And panel ECM
Salahuddin and Gow [67] 1980—2012 Panel cointegration and Granger GCC GDP— Energy
causality test GDP—Emission
Lin, Moubarak [68] 1980—-2012 ARDL and Johansen cointegration China Manufacturing Growth — Energy
and Granger causality Manufacturing Growth — Emission
Bastola and Sapkota [69] 1980—2011 Johansen and ARDL Nepal GDP— Energy
GDP— Emission
Shahbaz and Lean [71] 1972—-2009 ARDL and Johansen cointegration Pakistan Electricity < GDP
and Granger causality
Tang and Tan [73] 1976—2009 Johansen and Granger causality Vietnam Emission < GDP
Zhang and Yang [63] 1978—2009 Toda—Yamamoto Granger causality China Energy < GDP (negative)
Coal ~ GDP (negative)
0il and Gas< GDP
Omri [62] 1990-2011 simultaneous equations models MENA Energy < GDP
(GMM) Emission— GDP
Tang and Shahbaz [17] 1972-2010 Johansen Cointegration and Pakistan Electricity — GDP
Toda—Yamamoto Test Electricity & Manufacturing Growth
Saboori and Sulaiman [61] 1971-2009 ARDL and Granger causality ASEAN Energy < GDP (Indonesia, Malaysia
and Philippine);
Emission < GDP (Malaysia, Philippine
and Indonesia)
Kivyiro and Arminen [72] 1971-2009 ARDL and Granger causality Sub-Saharan Africa GDP— Emission
Ghosh and Kanjilal [65] 1971-2008 ARDL, Johansen cointegration and India Energy — GDP
Toda—Yamamoto Granger causality
Bildirici and Bakirtas [64] 1980—2011 ARDL and Granger causality Brazil, Russian,India,China, Oil -~ GDP (all)
Turkey and South Africa Coal -~ GDP
(China and Indian)
Natural gas < GDP
(Brazil, Russia, Turkey)
Behmiri and Manso [70] 1980—2012 Panel Granger causality Latin America: GDP—O0il
3 panels: (the Caribbean, South America)
The Caribbean, central and Oil— GDP
South America (Central America)
Note: “— " stands for “unidirectional Granger cause”, “—" stands for “does not Granger cause” and “« " stands for “bidirectional Granger cause”, “ARDL” stands for Autor-

egressive Distributed Lags, “ECM” stands for error-correction model.

and energy saving should be improved. Thirdly, at the sectoral level,
manufacturing was found to be influenced by electricity con-

[7]

sumption positively, and a bidirectional causal relationship was 18]
found between industrial growth and electricity consumption.
Therefore, direct reduction of electricity consumption will almost 9]
certainly have a negative effect upon the growth of the [10]
manufacturing sector, a sector that contributes significantly to
Malaysia's economy. In fact, the largest portion (27.5%) of Malaysian (1]
GDP is contributed to by manufacturing growth [75]. Therefore,
direct reductions would eventually hamper total economic growth. [12]
Forth, to solve the emission problem, green technology should be 13
promoted. (13]
[14]
Appendix A. Supplementary data [15]
. . [16]
Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.energy.2015.04.049.
[17]
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