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Accept Date: 29 April 2022 Reduction of energy intensity through gaining energy efficiency is a
global agenda for sustainable development goals. The evidence show that
the energy intensities of most energy exporting countries (such as OPEC)
have historically been very high compared with energy importing and
industrialized economies. Hence, the understanding of the main
determinants (or drivers) of energy intensity in energy exporting
countries is important for economic researchers and policymakers.
Therefore, this paper investigates the role of technology and its
components on energy intensity changes in OPEC countries using a
DEA-Malmquist over the period of 2000-17. The findings show that
technological progress has played a significant role in reducing of energy
intensity. Moreover, the results after TFP decomposing using DEA
method indicates that the negative effect of technical change on energy
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INTRODUCTION

The sustainability of energy and hence
economic development, depends crucially on the
efficient use of energy (Huang et al, 2018).
Therefore, energy intensity of a country is
regarded as an important indicator of economic
development. Due to the extreme important of
energy intensity reduction, numerous researchers
have focused on identifying the key determinants
of energy intensity and providing an improved
understanding of this trend. Economic growth,
technology, structural effects, and international
trade are widely accepted as the factors that have
contributed most to the decline in energy intensity
(Galli, 1998; Taylor et al., 2010; Gillingham et al.,
2016; Ward et al.,, 2017). Many authors have
agreed that the technological change has hold a
stronger impact on the energy intensity than other
factors (Jiang et al, 2014; Huang et al, 2017).
Overall, the empirical results are mixed and the
literatures have not provided common
information. The evidence show that the energy
intensities of most energy exporting countries
have historically been very high compared with
energy importing and industrialized economies.
However, the understanding of the determinants
(or drivers) of energy intensity in energy
exporting countries is important for economic
researchers and policymakers, despite in, the
studies are scare. Therefore, this paper
investigates the main driving factors of energy
intensity in OPEC countries, using dynamic panel
data during 2000-2017. In order to have a better
understanding from technological progress, we
employed DEA-Malmquist approach for each
country to decompose TFP into the technical
change and the efficiency change. It should be
noted that we used GAMS optimization software
to solve DEA model, although in other studies it
is also solved with R software (Hosseinzadeh
Lotfi et al, 2020).

In Next step, we would determine the
sources of technical efficiency in OPEC
countries. The rest of the paper is organized as
follows: Next section overview the literature as
well as present the research methodology and
DEA-Malmaquist. In section three, we analyze the
empirical results related to DEA-Malmquist and
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panel GMM regressions for OPEC countries. Last
section includes conclusion and
recommendations.

LITERATURE REVIEW

Energy intensity is an important index that
plays on a significant role in sustainable
development. Experience of economies shows
that advanced industrial economies consume less
energy per unit of production than traditional
economies. This is highly dependent on the
economic infrastructures factors in any countries.
One of main factor is the economic development
and technological advancements. The process of
economic growth and development s
accompanied by widespread structural changes in
the economy, technology and lifestyle of society
that all influence the consumption behavior and
productive structure of the country, resulting in
changes in energy intensity (Kaldor, 1978; Lewis,
1980). Some Researchers confirms the
relationship between economic growth and
energy intensity is inverse U, so that energy
consumption would increase at the beginning of
the process of economic development and
industrialization due to the expansion of the
mother industries, infrastructures and other
energy-intensive economic activities. Then, in the
post-industrial phase, energy intensity decreases
due to technology progress and its spillovers
(Medlace and Soligo, 2001; Szirmai, 2011). Sun
(2002) confirms that the main reason of declining
energy intensity in OECD countries during 1971-
98 was technological advancements. Lin and Du
(2015) reveal that technological change has had a
stronger impact on the energy intensity than other
factors, so that contribute to declining energy
intensity in China by 22.4% during 2003- 2010.
Huang et al (2017) decomposed technical
progress using DEA and found the technical
change and its components (technical efficiency
and pure efficiency) have significant influences
on the regional energy intensity in china. By
contrast, Gillingham et al. (2016) claim that the
reduced cost of wuse brought about by
technological improvements may increase energy
use, which can lead to higher energy intensity.
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At the same time as the globalization in
economic issues, the degree of economic
openness (trade and financial) has been another
factor affecting energy intensity. Major studies
demonstrated that technical spillovers to
industrializing  countries  from  advanced
economies are given a fillip by trade openness
(Elliott et al, 2013; shahbaz et al, 2014; Adom &
Amuakwa-Mensah, 2016). Adom (2015 a, b)
indicates that energy intensity in Nigeria is
significantly reduced by trade openness, and
reports similar results for South Africa. He argues
that shifts in trade patterns in favor of imports
tend to decrease energy intensity, implying that
the reduction in energy intensity in South Africa
is the result of an increase in imports relative to
exports. Rafig, Salim, and Nielsen (2012)
investigate 22 developing economies’ energy
intensity, including Angola, Gambia, Namibia,
Sudan, and Zambia, demonstrating reduced
energy intensity from trade  openness.
Samarghandi (2019) investigates the roles of
trade openness, technological innovation, and
energy price in energy intensity in OPEC
countries using panel ARDL approaches during
the period 1990-2016. The finding show that
trade openness plays a key role in diminishing
energy intensity and demonstrates that the
innovation is insignificantly associated with
energy intensity.

However, this question that what drive energy
intensity decline in OPEC countries is important
for economic researchers and policymakers,
despite in, the studies are scare.

We use a Cobb-Douglas production
function as follows:
Q=AK*LPEY (D
Where Q is the output, A is the total factor
productivity (TFP), K is the capital stock, L is the
employment, E is the energy consumption.
Assuming constant returns to scale, Production
Cost can be expressed as follows:
C(Pg; Py; Pg; Py; A) (2)
— A—IPIfKPLBLPEﬁEPI\gMQ
Where P, Pk, Pg, and Pw are defined as the
prices of labor, capital, energy and raw materials,
and also Pi, Bk, Pe and Pm represent the related
price elasticity, respectively. According to

Shepard's lemma, after making Pe-derivation, eq.
(2) can be changed to the following as:

BeAT'PEXPPLRPERIM ©)
Pg
By setting P, = pPxpPLpPepbu  ang
dividing both sides on Q, the energy intensity
equation is extracted as follows:
E AP 4
o E_ BeATP @)
g Pr _
Now, by taking logarithm on both sides, we
get energy intensity equation for country i as

follows:
Pg
In(ED;: = o + b1 1n(P_Q)it

+ B, In(TFP);,
+ B3 In(Induva);; + €;¢
According to Huang et al (2017) and Lie et

al (2013), The Malmquist total factor productivity
(TFP), which is expressed as a Data Envelopment
Analysis (DEA), measures the TFP change over
time and has been proven well-suited for
measuring technological progress. Hence, to
capture the influence of technological progress on
energy intensity, exactly, we use DEA approach
and make the TFP decomposing into the technical
progress change (TC) and the comprehensive
technical efficiency (EC). Therefore, we get:

Pg
In(ED) it = Bo + B1 1n(P_Q)it

+ B, In(TC);,

+ B3 In(EC);

+ B4 In(Induva);; + €;¢

Moreover, the comprehensive technical

efficiency change (EC) can be further
decomposed into the pure technical efficiency
change (PEC) and the scale efficiency change
(SEC) by introducing variable returns to scale
distance functions, the model reads as follows:

P
In(ED = o + 1 G @

+ B2 In(TC)y;

+ B3 In(PEC);;

+ B4 In(SEC);¢

+ Bs In(Induva);; + €+

E =

)

(6)
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DEA-Malmquist

Given, DEA models can be used for
estimating efficiency and productivity changes
over period using Malmquist productivity index
(MPI). Since the presentation of the first DEA
models, different modifications from variety of
aspects have been provided to strengthen the
power of DEA (Wang and Lan, 2011;
FarzipoorSaen et al, 2020). As above implied, we
employed DEA-Malmquist  approach to
decomposed TFP (total factor productivity)
changes into its components, including TC, PEC
and SEC. We use the productivity with distance
function. There is a production possibility set S. S
represents the ability to achieve the
transformation of x to y, and the point (X, y) in the
S at which it can achieve the largest output y in
every given input x is in the production frontier.
With production possibility set S, the distance
functionintimet (1, 2, ..., T) is shown in Eq. 8.

D(x;y) = inf{0:(x; y|0) € S} €))
= (0:(x;0y) € S) !
Where D(x,y)<1, if and only if point (x,y)eS; and
D(x,y)=1, if and only if point (x\y) is in the
production frontiers. The Malmquist index is
defined as:
Myt xt yh) 9
Dt(xt+1; yt+1)
= [( DE(xt, yT) )
DEFI(xt+1, yt+1) 1/2
Dt+1(xt;yt) )l

X (

We have divided it into two functions, D!
and D', in time t and t+1. Thereby, E.g. 9 has
two parts: the first one is the percentage in the
distance function D', between the possible output
in time t+1 and its real time t. The second part is
the distance function D', between the real output
in t+1 and the possible in time t. Fare and
Grosskopf (1992) constructs the technical
Malmquist index from t to t+1 and decompose it
into two parts: comprehensive technical
Efficiency (EC) and technical progress change
(TC) that are called as “frontier” technological
progress and “following” technological progress,
respectively (Zhao et al, 2013):
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t+1 t+1. ,,t+1

b Dty (10)
Dt(x%; y*)
Dt(xt+1;yt+1) (11)

TC = <Dt+1(xt+1;yt+1)

Dt(xt;yt) 1/2

In above formulas: The Malmquist index is
defined as productivity changes, M>1 means
productivity level increase, M<1 indicates
productivity level decrease, and M=1 means
productivity level remains unchanged. Also, EC
is defined as the comprehensive technical
efficiency and indicating the advantages and
disadvantages of management decisions and
resource allocation, EC>1 means improvement in
EC, management methods and resource
allocation. EC<1 indicates decline of technical
efficiency, inappropriate management decisions
and insufficient utilization of resource, and EC=1
means the EC remains unchanged. Moreover, TC
indicates changes in technological progress, that
is changes in technological innovation and
industrial production technology. TC>1 indicates
progress in production technology. TC<1
indicates decline in production technology, and
TC=1 means the technological progress remains
unchanged.

According to DEA model, the technical
efficiency change (EC) can be further
decomposed into pure technical efficiency change
(PEC) and scale efficiency change (SEC), by
introducing variable returns to scale distance
function. Thereby, the Malmquist index is
expressed as E.q. (12):

M(xt*1; yttl xt )y = EC X TC (12)

= (PEC x SEC) X TC

By supposing of the subscripts v and c refer to
variable returns to scale technology and constant
return to scale technology, respectively, thereby,
the PEC and SEC can be expressed as:

PEC — Dﬁ“(xt“;yt“) (13)

Dy (x%;y%)
RESEARCH FINDING

In this section, we present the results
of Panel GMM regression (Eq.7). Table
1 report the results of estimation (Eq.7).


https://ijo.rasht.iau.ir/?_action=article&au=622111&_au=Mehdi++Fallah+jelodar
https://ijo.rasht.iau.ir/?_action=article&au=2801428&_au=somaye++sadeghi

Fallah jelodar & sadeghi/ Technology Decomposition and Energy...

The findings imply that in OPEC
countries, technological progress and its
components that enhance productivity,
thereby they have significant effects to
reduce energy intensity. Although, the
effects are relatively weak. According
the results, a percent increase of total
factor productivity (TFP) causes to
decrease energy intensity to 0.05
Percent. Also, after TFP decomposing
into the technical change (TC) and the
efficiency change  (EC), both
coefficients are significant and negative,
so that a percent of increases in TC and
EC causes to decrease energy intensity
to 0.08 and 0.02 percentages,
respectively. Interestingly, the
coefficient of technical change is much
larger than of efficiency change,
suggesting that the original
technological progress rather than the

following technological progress plays a
more important role in reducing energy
intensity in OPEC countries. When TFP
is further decomposed into the technical
change (TC), the pure efficiency (PEC)
and the scale efficiency change (SEC),
the coefficients of these components are
significantly negative, although, the
estimated coefficients are weak. Some
causes such as imperfect infrastructures
and relatively lower level of technology
and economic development in OPEC
countries, induced to positive effects of
technology progress on energy intensity
is not be maximized.

SEC (14)
Dct+1(xt+1; yt+1)
T Di@Gyh)
Di(x%;yY)
D5+1(xt+1; yt+1)

Table 1: The Results for Energy Intensity Changes in OPEC Countries

Variables Model 1 Model 2 Model 3
(TFP) (TFP=TC*EC) (TFP=TC*PEC*SEC)
In(ED)_4 0.683 (12.40) 0.687 (10.54) 0.630 (8.24)
In(TFP) -0.053 (-2.41)
In(TC) -0.087 (-2.07) -0.051(-2.33)
In(EC) -0.026 (-1.95)
In(PEC) -0.025 (-1.56)
In(SEC) -0.062 (-1.87)
In(PE/PQ) -0.078 (-2.83) -0.078 (-2.80) -0.082 (-2.74)
In(Induva) 0.015 (1.80) 0.026 (1.48) 0.020 (2.13)
Sargan — p value 0.313 0.389 0.322

* Figures in parentheses are t- statistics

Next, we investigate what is main driving
of technological progress in OPEC countries. We
examine whether innovation activities including
internal research and development (R&D) and
adoption of foreign technology (FDI) have
differential effects on their technological
efficiency. Likewise, we examine the role of trade
openness on technological efficiency by
considering this argument that trade openness
enables firms to achieve high levels of efficiency
through “learning-by-exporting-effects”.

Table 2 report the results of panel GMM
estimations for TFP in OPEC countries. The

findings imply that FDI inflows and trade
openness causes to improve the productivity.
Although, the estimated coefficient for trade
openness is larger than FDI inflows, so that a
percent of increases in FDI inflows and trade
openness causes to enhance TFP to 0.032 and
0.143 percentages, respectively. Also, the effect
of internal R&D is not significant. This result is
reasonable because of the internal R&D is a risky
and costly path-dependent process in comparison
to the adoption of foreign technology by FDI
inflows and trade openness, especially for firms in
energy exporting countries, hence the firms in

Iranian Journal of Optimization, 13(4), 271-278, December 2021 275


https://ijo.rasht.iau.ir/?_action=article&au=622111&_au=Mehdi++Fallah+jelodar
https://ijo.rasht.iau.ir/?_action=article&au=2801428&_au=somaye++sadeghi

Fallah jelodar & sadeghi/ Technology Decomposition and Energy...

these countries spend low levels of investment in
internal R&D and thereby, there is a lack of
organized R&D activity in most energy exporting
countries.

Table 2: The Results for TFP Change in

OPEC Countries

Variables Coefficient t-statistics
In(TFP)_, 0.416 11.21
In(TRADE) 0.143 6.74
In(FDI) 0.032 1.63
In(internal R&D) 0.0005 1.02

Sargan — p value 0.326
CONCLUSION

The energy intensities of most energy
exporting countries have historically been very
high compared with energy importing and
industrialized economies. Therefore, this question
is still as an important argue that the factors that
are driving the decline in energy intensity in
exporting countries. Hence, this paper
investigates the role of technology on driving
factors of energy intensity changes in OPEC
countries, using DEA-Malmquist during 2000-
2017. In order to have a better understanding from
technological progress, we employed DEA-
Malmquist approach for each country to
decompose TFP into the technical change (TC)
and the efficiency change (EC). The result
indicates that both technical and efficiency
changes led to decrease the energy intensity.
Interestingly, the negative effect of technical
change on energy intensity is much larger than of
the efficiency change effect, suggesting that the
original technological progress rather than the
following technological progress plays a more
important role in reducing energy intensity in
OPEC countries.

When TFP is further decomposed into the
technical change (TC), the pure efficiency (PEC)
and the scale efficiency change (SEC), the
coefficients of these components are significantly
negative, although, the estimated coefficients are
relatively weak. Some causes such as imperfect
infrastructures and relatively lower level of
technology and economic development in most
energy exporting countries, induced to positive

276 Iranian Journal of Optimization, 13(4), 271-278, December 2021

effects of technology progress on energy intensity
is not be maximized.

Next, we investigate what is main driving
of technological progress in the OPEC countries.
We examine whether innovation activities
including internal research and development
(R&D) and adoption of foreign technology (FDI)
have differential effects on their technological
efficiency. Likewise, we examine the role of trade
openness on technological efficiency by
considering this argument that trade openness
enables firms to achieve high levels of efficiency
through “learning-by-exporting-effects”. The
findings imply that the FDI inflows and trade
openness causes to improve the productivity,
although, the estimated coefficient for trade
openness is larger than FDI inflows. Also, the
effect of internal R&D is not significant. This
result is reasonable because of the internal R&D
is a risky and costly path-dependent process in
comparison to the adoption of foreign technology
by FDI inflows and trade openness, especially for
firms in energy exporting countries, hence the
firms in these countries spend low levels of
investment in internal R&D and thereby, there is
a lack of organized R&D activity in most energy
exporting countries.

Overall, the results of this study might
have important policy implications. Most
significantly, it shows that the energy intensity
fluctuation is simultaneously forced by both
technical change and efficiency change.
Although, the estimated coefficients are relatively
weak. In other words, domestic technological
innovation plays a relatively weak role
minimizing energy intensity, indicating that
technological innovation remains underdeveloped
in OPEC. However, the policy makers in energy
exporting countries need to be aware of the fact
that the technological progress and innovation is
as powerful implements in reducing energy
intensity. Hence, this study suggests that the
governments should encourage the advanced
technologies and management experiences.
Moreover, it is important that policy makers focus
on trade openness, because the trade openness
facilitates competitiveness in domestic economies
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and local-economy access to developed-country
technology, leading to a gain in energy efficiency.

Further studies based on larger sample of
energy  exporting  countries  with  more
comprehensive data may prove useful in
substantiating our findings. Likewise, comparing of
these finding (technology effect by considering its
components) with a sample of energy importing
countries, will make a valuable contribution of
future  studies, allowing more conclusive
interpretation of findings.
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