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Abstract: Along with vast non-fossil potential and significant expertise, there is a
question of whether Asian nations are attaining efficient consumption and exploi-
tation of renewable resources. From this perspective, the paper aims to evaluate
the efficiency of 14 potential Asia countries in renewable energy consumption
during the six-year periods (2014–2019). In analyzing the performance of the
renewable energy sector, the data envelopment analysis (DEA) with an undesir-
able output model approach has been widely utilized to measure the efficiency
of peer units compared with the best practice frontier. We consider four inputs
and two outputs to a DEA-based efficiency model. Labor force, total energy con-
sumption, share of renewable energy, and total renewable energy capacity are
inputs. The outputs consist of CO2 emissions as an undesirable output and gross
domestic product as a desirable output. The results show that United Arab Emi-
rates, Saudi Arabia, Japan, and South Korea consistently outperform in the eva-
luation, achieving perfect efficiency scores during the research period.
Uzbekistan is found to have the lowest average efficiency of renewable energy
utilization.

Keywords: Asia; renewable energy; efficiency; frontier; data envelopment
analysis; bad output

1 Introduction

The new decade has begun with a negative sign for the world and the Asia region in particular. After a
tumultuous 2019, with trade disputes and key uncertainties weighing on major economies in the region, the
2020 Covid-19 outbreak has disrupted the travel and business sectors. Uncertainty and anxiety persist over
the impact of the virus, but at some point, the situation will return to normal, and the world will have to think
once again about a dire threat that is far worse for human existence: climate change. Accounting for more
than 50% of global emissions and home to the world’s largest (China) and fastest-growing emitting
economies (India and Southeast Asia), Asia’s actions will control greenhouse gas emissions and make
meaningful progress in combating climate change. In this context, with lower costs, technology maturity,
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and strong demand for energy growth, it will be easier for Asia to choose wind and solar over coal.
Organizations and governments in the region will need to be ready to make major changes in the
functioning of both the energy and economic systems.

With the most polluted areas concentrated in Asia, the energy transition in this continent is decisive for
the world’s clean and sustainable future. Close to 60% of the world’s population resides in Asia and faces the
environmental difficulties of deterioration caused by excessive consumption of fossil fuels [1]. Substantial
contribution to promoting growth in Asian countries has long been made by non-renewable energy
sources, resulting in high dependency, and continuing to generate negative externalities in the form of
carbon emissions and global warming. The increased consumption of non-renewable energy concerning
renewable energies shows that countries need an efficient policy design to limit environmental
degradation and at the same time promote economic growth.

In view of vigorous growth targets, Asian countries have been developing renewable energy resources.
Renewable energy infrastructure investment has been robust in the region, owing to government attempts to
reduce carbon emissions and lower costs due to cheaper technology and economies of scale. At the regional
level, the share of renewable energy in total energy consumption is around 41.44% in South Asia, 37.73% in
Southeast Asia, 20.75% in Central Asia, 6.30% in West Asia, and 6.28% in East Asia [2]. The role of energy
efficiency and renewable energy in ensuring energy security and reducing carbon emissions has been
recognized in many regional and global forums [3,4]. Considering this, energy efficiency and renewable
energy assessments of technical and technological trends and indicators play an essential role in
accelerating clean energy transitions and have been received great attention both in academic and practice
[5–8]. This process aids in better understanding the current state and outlook for energy consumption
efficiency for various economies. In the context of the sustainability model, research on the effects of
energy efficiency and renewable energy is of interest because the empirical understanding of the impact is
critical for policymaking to achieve sustainable development [9]. Asia has great potential to contribute to
global GDP growth and carbon reduction targets have significant implications for long-term sustainable
development goals.

Regarding the Asian sphere, researchers are highly concerned about the linkages between economic
growth, the amount of GDP, energy efficiency, and renewable energy consumption. Hanif et al. [1]
investigated the impact of renewable and non-renewable energy consumption, tied to economic growth,
on carbon emissions in developing Asian economies. According to the study, renewable energy use has a
statistically significant and detrimental effect on carbon emissions in Asian countries, with a percentage
increase in renewable energy consumption reducing carbon emissions. About 0.029%. The transition to
renewable energy sources to control fossil fuel consumption has been advocated. With economic growth
in mind, more production may indeed be needed, but efforts to boost the production of goods using non-
renewable energy sources could reduce fossil fuel supplies [10]. Governments should emphasize the
importance of the natural environment and the use of renewable energy alternatives to limit the dangers
posed by fossil fuel consumption. The relationship between renewable energy consumption, GDP, and
foreign direct investment has been studied [11]. In the long run, there is a stable relationship between the
growth rate of total GDP per capita, the rate of renewable energy consumption per capita, and the growth
rate of FDI per capita. Therefore, renewable energy development depends on ensuring balanced economic
growth and FDI development.

In the evaluation of the energy production and consumption, as well as energy efficiency and renewable
energy utilization assessments, literature and practice show that the data envelopment analysis (DEA)
method is receiving popularity and becoming one of the most powerful tools that can provide a
comparison of systems with multiple input and output factors. Chien et al. [12] used the DEA method to
investigate the impact of renewable energy on the technical efficiency of 45 economies (OECD and
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non-OECD), with considering various factors such as labor, energy consumption, capital stock, and GDP.
The results show that OECD economies have improved technical efficiency and a larger share of
renewable energy in geothermal, solar, tidal, and wind fuels compared with non-OECD economies.
However, non-OECD economies have a significantly larger share of renewable energy than OECD
economies in their overall energy supply. Woo et al. [13] applied several DEA methods, including BCC,
CCR, SE, and super-efficiency models as well as DEA-based Malmquist Productivity Index (MPI), to
analyze environmental efficiency of renewable energy across 31 OECD countries, with investigating the
carbon emissions as an undesirable output. The findings have encouraged policymakers to support the
development of renewable energy technologies by demonstrating a significant impact on most authorities
in OECD countries on renewable energy within the energy market. Zhou et al. [14] introduced the
Malmquist CO2 emission performance index (MCPI) which is derived by solving several DEA typical
models, examining the evolution path of the total factor carbon emission performance of the world’s top
18 largest contributing countries to CO2 emissions. The studies have shown that carbon emissions
increased considerably during the study period and are the main reason for technological progress. Cicea
et al. [15] adopted the DEA approach to establish the renewable energy investments’ efficiency and
environmental efficiency index of investments in renewable energy, targeting a group of European
countries. The authors revealed that the established efficiency index was a truly effective efficiency
indicator as being calculated as a ratio between effects (the CO2 emissions) and efforts (the investments).
Wang et al. [16] conducted a renewable energy utilization analysis of highly and newly industrialized
countries using the DEA-Undesirable Output model. Some of the strategies recommended in this study to
improve the utilization of renewable energy include improvements in the political and legal structure
surrounding their use and regulation, tax incentives or exemptions for private power producers to
encourage a shift away from conventional energy production, and partnerships with non-governmental
and international organizations that can provide these services. Besides the DEA methodologies,
assessment approaches for multi-input multi-output systems are ample in various research areas including
the renewable energy sector: life cycle assessment (LCA) methodology of mixed municipal solid waste
[17], multi-objective optimization, and chaotic time series based on optimal multi-input multi-output
architecture for an offshore wind speed application [18], interval forecasting system for uncertainty
modeling based on multi-input multi-output theory in a case study on modern wind stations [19], and
global sensitivity analysis method based on variance and covariance decomposition of summatory
functions for multi-input multi-output systems [20].

Through the above-reviewed studies that give some insights about the energy efficiency, economic
growth, and renewable energy in pathways towards reducing greenhouse gas emissions and sustainable
development goals, there are limited studies that employ samples of Asia countries. In this regard, this
paper aims to investigate the period 2014–2019 of 14 potential Asia countries: the United Arab Emirates
(UAE), Kuwait, Saudi Arabia, Turkey, Iran, India, Malaysia, Thailand, Indonesia, Japan, South Korea,
China, Kazakhstan, and Uzbekistan. DEA undesirable output model is adopted to evaluate and compare
the efficiency scores regarding the renewable energy consumption of the countries, or so-called the
decision-making units (DMUs) obtained with considering the undesirable data. The model is used as an
explicit function of four inputs (labor force (LF), total energy consumption (TEC), share of renewable
energy (SRE), and total renewable energy capacity (TREC)). The outputs consist of carbon dioxide
emissions (CO2) as an undesirable output and gross domestic product (GDP) as a desirable output.
Within the involvement of these dimensions, the adoption of DEA models stems from that the approach
is adequate as a nonparametric approach based on mathematical programming, that can take multiple
inputs and outputs into account simultaneously. Second, DEA can solve the complex efficiency
performance of the DMUs, in which the selected inputs and outputs have no available analytical
relationship [21]. Considering this, the present study aims to identify whether countries are efficient in
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their progress in using renewable energies. Energy consumption has a vital effect on the gross domestic
product of the country since the ratio of the two components affects numerous countries’ economic
production as energy is an essential input in the constant consumption of energy-intensive products.
Accordingly, the current study filled the gap in the literature by estimating the current renewable energy
efficiency scenario in Asia and indicating major determinants of energy efficiency optimization towards
sustainable development in this region.

The structure of the whole paper is organized as follows. In Section 2, the materials and methods used in
this research are summarized and explained. Section 3 presents the sample of Asian countries being
investigated. Results analysis is exhibited in Section 4. Discussions are reviewed in Section 5 while
concluding remarks and future research directions are provided in Section 6.

2 Materials and Methods

2.1 Research Process

The research is divided into three main parts, as can be seen in Fig. 1.

Stage 1: Collect the data of the DMUs.

For the assessment, there are a total of 14 potential countries in Asia in the International Renewable
Energy Agency (IRENA) [22], Enerdata [23], and World Bank [24]. The countries (DMUs) include UAE,
Kuwait, Saudi Arabia, Saudi Arabia, Turkey, Iran, India, Malaysia, Thailand, Indonesia, Japan, South
Korea, China, Kazakhstan, and Uzbekistan.

Stage 2: Identify input/output variables.

This study applied the Pearson correlation coefficients to examine input and output variables. It is found
that input variables including labor force, total energy consumption, share of renewable energy, and total
renewable energy capacity; outputs variables including CO2 emissions (undesirable output) and gross
domestic product (desirable output) had positive correlations.

Figure 1: The process of research
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Stage 3: DEA undesirable output model.

The DEA-based efficiency approach in the presence of undesirable data is employed to determine the
efficiency scores of the considered DMUs and the final ranking of the DMUs regarding output efficiency.
Results and conclusions are then provided.

2.2 Data Envelopment Analysis

Data envelopment analysis (DEA), an application of linear programming, is used to measure the relative
efficiency of decision-making units (DMUs) in terms of attempting to decrease inputs or increase outputs
[25]. The objective of the DEA model is to maximize the ratio of weighted outputs to weighted inputs for
the considered DMU, as can be seen in the model (1).

Max Zpq ¼ Max

P
outputsP
inputs

¼
Ps

i¼1 uipyiqPt
j¼1 vjpxjq

such that

0 �
Ps

i¼1 uipyiqPt
j¼1 vjpxjq

� 1; q ¼ 1; 2; . . . ; n (1)

q ¼ 1; 2; . . . ; n

uip � 2 i ¼ 1; 2; . . . ; s

vjp � 2 j ¼ 1; 2; . . . ; t

where Zpq is the relative efficiency of DMUq (q = 1, 2,…, n) when evaluated using the weights associated
with DMUp (p = 1, 2,…, n); n is number of evaluated DMUs; s is number of outputs; t number of inputs;
uip is the weight attached to ith output (i = 1, 2,…, s) for DMUp (p = 1, 2,…, n); vjp is the weight attached
to jth input (j = 1, 2,…, t) for DMUp (p = 1, 2,…, n); yiq is value of ith output (i = 1, 2,…, s) for DMUq
(q = 1, 2,…, n); xjq is value of jth input (j = 1, 2,…, t) for DMUq (q = 1, 2,…, n); and ∈ is infinitesimal
constant.

The optimal value of the objective function (i.e., the efficiency score) in the model (1) is at 1 (or 100%),
the considered DMUs satisfy the necessary condition as DEA efficiency. Otherwise, they are considered as
DEA inefficiency.

Homogeneity and isotonicity are two crucial DEA assumptions. Before using the DEA model, the
association between input and output variables must be checked, which means that it should be in a total
positive linear relationship (when the value of one variable increases, the other variable value will also
increase). One of the best statistical tests for estimating the association between two variables is the
Pearson correlation index. The correlation formula of Pearson of two variables is calculated as Eq. (2) [26].

rxy ¼
Pn

i¼1ðxi � �xÞðyi � �yÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn
i¼1 ðxi � �xÞ2Pn

i¼1 ðyi � �yÞ2
q (2)

2.3 DEA Undesirable Output Model

Cooper et al. [27] proposed DEA undesirable output model which can handle the bad outputs during
efficiency and inefficiency analysis. This research applied the undesirable output model (BadOutput-C),
which is presented as follows. The matrices of inputs and outputs of the DMUs will be standing for (x0,
y0). The outputs of the matrix y will be disintegrated into undesirable outputs (Yb) and desirable outputs
are Yg. Each country will be declared as DMUðx0; yg0; yb0Þ.
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The production possibility set is shown by Eq. (3).

P ¼ ðx; yg; ybÞ x � X�; yg � Yg�; yb � Yb�
L � e� � U ; � � 0

����
��

(3)

where λ is the intensity vector, L is the lower bound, and U is the upper bound of λ.

In the existence of bad output, a DMUðx0; yg0; yb0Þ is efficient if there is no vector (x, yg, yb) ∈ P such
that x0 � x; yg0 � yg; yb0 � yb having at least one inequality.

The adjustment of SBM to obtain the undesirable output model is shown by Eq. (4).

q� ¼ min
1 � 1

m

Xm

i¼1

s�io
xio

1þ 1

s

Xs1

r¼1

sgr
ygro

þ
Xs2

r¼1

sbr
ybro

� � (4)

constraint to x0 ¼ X�þ s�; yg0 ¼ Y�� sg; yb0 ¼ Y�þ sb; L � e� � U ; s�; sg; sb; � � 0:

The excesses in inputs, bad outputs, lack of good outputs are expressed by the vector s−, sb, sg,
respectively. s1 and s2 are the number of components in sb, sg, and s = s1 + s2.

A DMUðx0; yg0; yb0Þ is efficient if q� ¼ 1. Otherwise, q� , 1, i.e., s−* = sb* = sg*.

Through Charnes–Cooper transformation approach, the fractional model can be transformed into the
linear model with the consequential variables v; ug; ub for the constant return to scale, i.e.,
L ¼ 0; U ¼ 1, Eqs. (5)–(9).

Max ugygo � vxo � ubybo (5)

such that

ugYg � vX � ubyb � 0 (6)

v � 1

m

1

xo

� 	
(7)

ug � 1þ ugygo � vxo � ubybo
s

1

ygo

� 	
(8)

ub � 1þ ugygo � vxo � ubybo
s

1

ybo

� 	
(9)

where v, ub, ug are assigned as the virtual costs of inputs, bad outputs, good outputs, respectively.

The weights of good and bad outputs must be set in accordance with w1, w2, respectively. Then, the
model computed the relative weights as W1 = sw1/(w1 +w2) and W2 = sw2/(w1 +w2). The objective
function will be converted to Eq. (10). In this research, the authors used the default value with w1 =w2 = 1.

q� ¼ min
1 � 1

m

Xm

i¼1

s�io
xio

1þ 1

s
W1

Xs1

r¼1

sgr
ygro

þW2

Xs2

r¼1

sbr
ybro

� � (10)
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3 A Case Study in Asia Countries

3.1 Selection of Decision-Making Units (DMUs)

According to data collected from the Enerdata Yearbook 2020 [23], this research studied the top
14 potential countries in Asia for efficient evaluation of renewable energy consumption, which are United
Arab Emirates, Kuwait, Saudi Arabia, Saudi Arabia, Turkey, Iran, India, Malaysia, Thailand, Indonesia,
Japan, South Korea, China, Kazakhstan, and Uzbekistan. Note that other Asia countries are not included
due to the data access limitation. The list of countries and their population in 2019 are shown in Tab. 1.

3.2 Selection of Inputs and Outputs

The research process is depicted in Fig. 2. This research assesses the efficiency of renewable energy
consumption which refers to the economic and energy resources in order to improve the GDP of
countries while reducing greenhouse gas emissions. Hence, the economic indexes (i.e., labor force) and
related energy factors are selected as inputs, while CO2 emission and GDP are chosen as undesirable
output and desirable output, respectively. The description of those variables is presented as follows.

� Labor force (LF): includes people aged 15 and up who provide labor for the manufacture of goods and
services for a set period of time, unit: million people.

� Total energy consumption (TEC): is the balance of primary production, external trade, marine
bunkers, and stock changes, unit: million tons of oil equivalent (Mtoe).

� Share of renewable energy (SRE): the share of renewable energy in electricity production is the ratio
of renewable energy production to total electricity production (i.e., hydro, wind, geothermal and solar)
and the total electricity production, unit: percentage (%).

Table 1: List of countries and their population (unit: million people)

DMUs Countries Subregion Population in 2019

DMU01 United Arab Emirates Western Asia 9.77

DMU02 Kuwait Western Asia 4.21

DMU03 Saudi Arabia Western Asia 34.27

DMU04 Turkey Western Asia 83.43

DMU05 Iran Southern Asia 82.91

DMU06 India Southern Asia 1366.42

DMU07 Malaysia Southeast Asia 31.95

DMU08 Thailand Southeast Asia 69.63

DMU09 Indonesia Southeast Asia 270.63

DMU10 Japan Eastern Asia 126.26

DMU11 South Korea Eastern Asia 51.71

DMU12 China Eastern Asia 1397.72

DMU13 Kazakhstan Central Asia 18.51

DMU14 Uzbekistan Central Asia 33.58
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� Total renewable energy capacity (TREC): represents the overall net generating capacity of power
plants and other installations that generate electricity using renewable energy sources, unit:
megawatt (MW).

� CO2 emission (CO2): CO2 emissions cover only the emissions from the fossil fuel combustion (coal,
oil, and gas), unit: million tons of carbon dioxide (MtCO2).

� Gross domestic product (GDP): is the amount of all resident producers’ gross value-added plus any
commodity taxes in the economy, unit: billion USD.

3.3 Data Sources

In this research, the dataset is obtained for the six-year period from 2014 to 2019. Data related to total
energy consumption, share of renewable energy, total renewable energy capacity, and CO2 emission
are collected from the International Renewable Energy Agency (IRENA) [22] and the Enerdata
yearbook 2020 [23], while data of labor force and gross domestic product are provided by the Work
Bank [14]. The descriptive statistics on input and output variables for the period from 2014 to
2019 including maximum value, minimum value, average value, and standard deviation, are presented
in Tab. 2.

Figure 2: The inputs and outputs used in the DEA model

Table 2: Descriptive statistics on input and output variables

Statistics Input variables Output variables

2014 LF (Million) TEC (Mtoe) SRE (%) TREC (MW) CO2 (MtCO2) GDP (Billion USD)

Max 783.68 2,965.06 23.79 414,653.00 9,091.10 10,475.68

Min 2.08 32.00 1.00 4.00 83.82 76.66

Average 115.94 410.94 10.22 43,818.43 1,134.91 1,676.97

SD 219.21 735.97 7.10 105,037.91 2,261.49 2,715.24

2015 LF TEC SRE TREC CO2 GDP

Max 784.60 2,993.90 32.96 479,106.00 9,082.73 11,061.55

Min 2.19 35.00 1.00 6.00 93.25 81.85

Average 116.70 414.81 11.32 50,248.86 1,137.75 1,659.03

SD 219.79 743.24 8.93 121,383.37 2,258.01 2,830.50
(Continued)

354 CSSE, 2022, vol.43, no.1



4 Results Analysis

4.1 Pearson Correlation

The isotonic condition between the input and output variables must be satisfied before running the
DEA model. It implies that as the values of the input variables rise, the values of the output
variables do not fall. The Pearson correlation coefficient has a significant range from –1 (negative
correlation) to 1 (positive correlation). The DEA model needs data in a positive relationship. The
results of the Pearson correlation test for the considered periods, from 2014 to 2019, are shown in
Tab. 3. The matrix of Pearson coefficients is accompanied by p-values, which are significant at the
0.01 level (2-tailed). The results show that all Pearson values range from 0.437 to 1, which shows a
positive linear relationship, and the dataset can be used for the DEA undesirable output model in the
next step.

4.2 Efficiency Utilization and Ranking

DEA calculates the efficiency of each DMU as its distance from the frontier, which ranges from 0 to 1. A
DMU that is right on the frontier is considered efficient and given a score of 1, whereas a DMU that is below
the frontier is considered inefficient and given a score less than 1. Tab. 4 reports the detailed efficiency scores

Table 2 (continued)

Statistics Input variables Output variables

2016 LF TEC SRE TREC CO2 GDP

Max 784.95 2,964.62 33.89 540,999.00 9,040.24 11,233.28

Min 2.27 36.00 1.00 24.00 82.72 81.78

Average 117.38 416.44 12.71 56,617.21 1,138.43 1,729.67

SD 220.25 736.44 9.21 137,149.42 2,247.28 2,911.70

2017 LF TEC SRE TREC CO2 GDP

Max 784.84 3,050.59 30.34 620,857.00 9,200.41 12,310.41

Min 2.33 34.00 1.01 37.00 82.51 59.16

Average 118.14 428.12 13.07 64,458.86 1,164.36 1,855.01

SD 220.58 758.39 8.89 157,496.59 2,288.43 3,158.64

2018 LF TEC SRE TREC CO2 GDP

Max 783.42 3,164.08 33.07 695,865.00 9,463.35 13,894.82

Min 2.38 34.00 1.01 55.00 87.32 50.39

Average 118.77 440.05 13.50 71,798.43 1,193.72 2,000.47

SD 220.60 787.40 9.47 176,568.69 2,355.27 3,536.15

2019 LF TEC SRE TREC CO2 GDP

Max 781.07 3,283.54 45.18 758,626.00 9,729.01 14,342.90

Min 2.42 36.00 1.01 106.00 89.44 57.92

Average 119.35 447.33 15.07 78,228.50 1,210.00 2,054.11

SD 220.85 816.25 11.39 192,447.34 2,420.76 3,652.10
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of the DMUs. The UAE, Saudi Arabia, Japan, and South Korea achieve absolute performances every single
year in 2014–2019. Their perfect efficiency scores based on DEA indicate that these four countries, which are
the UAE, Saudi Arabia, Japan, and South Korea, were able to generate the best possible outcomes in CO2

emissions reduction and gross domestic product given their current input resources.

Fig. 3 depicts the evolution of the efficiency indexes for the remaining countries, which obtained lower
and more unstable performances than the UAE, Saudi Arabia, Japan, and South Korea over the periods
covered in 2014–2019. As can be seen, the figures for Kuwait are much higher than the others in all
research periods, followed by China’s figures. Kuwait achieved perfect efficiency scores in 2014, 2015,
and 2018 but obtaining the worst performance of 0.5906 in 2016. China only had the best efficiency in
renewable energy consumption in 2019, growing from the lowest of 0.3881 in 2014. The remaining

Table 3: Correlation coefficients of data sources

LF TEC SRE TREC GDP CO2

Labor force 1 0.942** 0.479** 0.885** 0.854** 0.926**

Total energy consumption 0.942** 1 0.443** 0.974** 0.954** 0.998**

Share of renewable energy 0.479** 0.443** 1 0.484** 0.460** 0.437**

Total renewable energy capacity 0.885** 0.974** 0.484** 1 0.962** 0.977**

Gross domestic product 0.854** 0.954** 0.460** 0.962** 1 0.953**

CO2 emission 0.926** 0.998** 0.437** 0.977** 0.953** 1

Note: ** denotes correlation is significant at the 0.01 level (2-tailed)

Table 4: Efficiency of renewable energy consumption in Asia countries (2014–2019)

DMUs Efficiency scores and rankings

2014 Rank 2015 Rank 2016 Rank 2017 Rank 2018 Rank 2019 Rank

DMU01 1.000 1 1.000 1 1.000 1 1.000 1 1.000 1 1.000 1

DMU02 1.000 1 1.000 1 0.591 5 0.745 5 1.000 1 0.784 6

DMU03 1.000 1 1.000 1 1.000 1 1.000 1 1.000 1 1.000 1

DMU04 0.363 7 0.348 7 0.290 8 0.275 8 0.235 10 0.218 11

DMU05 0.160 13 0.162 13 0.168 12 0.182 12 0.167 12 0.161 13

DMU06 0.172 12 0.198 11 0.201 11 0.238 10 0.231 11 0.231 10

DMU07 0.254 9 0.257 9 0.226 9 0.249 9 0.262 8 0.295 8

DMU08 0.192 11 0.227 10 0.218 10 0.232 11 0.237 9 0.286 9

DMU09 0.256 8 0.304 8 0.353 7 0.355 7 0.328 7 0.476 7

DMU10 1.000 1 1.000 1 1.000 1 1.000 1 1.000 1 1.000 1

DMU11 1.000 1 1.000 1 1.000 1 1.000 1 1.000 1 1.000 1

DMU12 0.388 6 0.461 6 0.482 6 0.544 6 0.539 6 1.000 1

DMU13 0.200 10 0.186 12 0.127 13 0.152 13 0.154 13 0.187 12

DMU14 0.083 14 0.117 14 0.121 14 0.078 14 0.060 14 0.093 14
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countries achieve lower and more stable efficiencies during 2014–2019, in which the figures of Uzbekistan
form the lowest graph.

5 Discussions

5.1 Comparison Between Efficiency and Input Variables

Fig. 4 presents the comparison between the average efficiency of renewable energy utilization and the
considered input variables during the six-year periods (2014–2019) including labor force, total energy
consumption, the share of renewable energy, total renewable energy capacity (Figs. 4a–4d, respectively).
In terms of the labor force in Fig. 4a, most countries used a large number of labor force, which are
recorded with a low value of the average renewable energy utilization efficiency, such as China and
India. Meanwhile, UAE, Saudi Arabia, Japan, and South Korea are four countries that obtained the
highest efficiency despite they had a large number of laborers. A similarity in the relation between the
total energy consumption and the average efficiency is indicated, as shown in Fig. 4b. With respect to the
share of renewable energy (Fig. 4c), Turkey and China are accounted for the high percentage of
renewable energy but still low in the efficiency consumption in renewable energy. China also is an
example of a similar pattern of renewable energy capacity in Fig. 4d.

5.2 Comparison Between Efficiency and Output Variables

The comparison between the average efficiency of renewable energy consumption and the considered
output variables (gross domestic product (GDP), CO2 emissions) is shown in Fig. 5. As the result in
Fig. 5a, the relationship between GDP and the average renewable energy utilization is a similarity to
input variables, i.e., labor force, total energy consumption, and total renewable energy capacity. In terms
of CO2 emissions (i.e., undesirable output or bad output), Fig. 5b depicts a negative correlation between
the average efficiency in renewable energy consumption and the CO2 emissions. There is no country with
a high-efficiency score that accounted for the high value of bad output as CO2 emissions such as Japan,
South Korea, UAE, and Saudi Arabia. The results suggest that one of the ways to reduce CO2 emissions
is utilizing renewable energy consumption efficiency.

Figure 3: Graphical presentation of countries efficiency score
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5.3 Improving Efficiency of DMUs

Based on the projection in the analysis of variance, the efficiency of renewable energy consumption in
Asia countries can be enhanced by decreasing excess in inputs and undesirable output and augmenting the
shortfalls in desirable output. The projections of input and output variable in 2019 is shown in Tab. 5. For
instance, Turkey (DMU04) has the value of renewable energy consumption efficiency of 0.218, it can be

Figure 4: Comparison between average efficiency and inputs (a) Efficiency and labor force (b) Efficiency
and total energy consumption (c) Efficiency and share of renewable energy (d) Efficiency and total renewable
energy capacity

Figure 5: Comparison between average efficiency and outputs (a) Efficiency and CO2 emissions
(b) Efficiency and gross domestic product
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improved by reducing 69.4% of the number of the labor force, or 57.1% of the amount of total energy
consumption; or 93.68% the amount of share of renewable energy; and 67.25% of the amount of total
renewable energy capacity in 2019. Moreover, the results show the projections of undesirable output
variables that Turkey can consider in getting down 58.45% in the amount of CO2 emission, and there is
no need for GDP to change. With such improvements, Asia’s overall efficiency in renewable energy use
can be improved, and its growth would be more sustainable. In reality, however, making such
modifications is much more difficult. There are numerous other considerations that a government must
consider. Despite the fact that sustainable aspects of renewable energy are global trends, each nation has a
unique policy orientation in many areas, such as supporting the rule of law, unemployment, and
economic position.

6 Conclusions

This study used the DEA efficiency model with considering the undesirable output. The results obtained
by implementing the model have indicated that only six countries achieved upper-middle efficiency
performance in renewable energy consumption on average of 2014–2019 (China, South Korea, Japan,
Saudi Arabia, Kuwait, and the UAE). Despite the possible unfavorable situation regarding energy
consumption or emissions reduction in general, these countries were able to achieve high efficiency in
transforming their input resources into the best possible outcomes. Governments at higher levels of
governance must take a larger role in guaranteeing the management system’s efficiency and avoid
malfunctions to encourage the implementation in their country of renewable energy policy. In Japan,
there are expanded opportunities for the utilization of renewable energy [28]. In the low-emission energy
industry and domestic renewable investment, China is a leading worldwide player [29]. Cooperation
between China and Japan might have a favorable impact on the growth of renewable energy in both
countries, increasing Japan’s capacity to extend its market share in China while simultaneously

Table 5: The projections of input and output variables for the period of 2019

DMUs Score (I) LF (I) TEC (I) SRE (I) TREC (OBad) CO2 (O) GDP

Projection Change

(%)

Projection Change

(%)

Projection Change

(%)

Projection Change

(%)

Projection Change

(%)

Projection Change

(%)

DMU01 1.000 6.84 0.00 69.49 0.00 4.24 0.00 1885.00 0.00 199.27 0.00 421.14 0.00

DMU02 0.784 2.42 0.00 34.25 −0.05 0.30 −0.71 104.45 −0.01 88.85 −0.06 134.63 0.00

DMU03 1.000 14.39 0.00 207.00 0.00 1.28 0.00 397.00 0.00 534.33 0.00 792.97 0.00

DMU04 0.218 10.21 −0.69 63.07 −0.57 2.85 −0.94 14603.19 −0.67 156.58 −0.58 761.43 0.00

DMU05 0.161 7.98 −0.71 114.86 −0.55 0.71 −0.93 220.29 −0.98 296.49 −0.54 440.00 0.00

DMU06 0.231 38.47 −0.92 237.63 −0.74 10.75 −0.50 55022.49 −0.57 589.97 −0.73 2868.93 0.00

DMU07 0.295 4.89 −0.69 30.21 −0.68 1.37 −0.92 6994.13 −0.13 74.99 −0.69 364.68 0.00

DMU08 0.286 7.29 −0.81 45.02 −0.68 2.04 −0.90 10424.59 −0.12 111.78 −0.59 543.55 0.00

DMU09 0.476 19.75 −0.85 242.53 −0.10 2.98 −0.77 6146.98 −0.38 580.96 0.00 1119.19 0.00

DMU10 1.000 68.14 0.00 420.92 0.00 19.05 0.00 97462.00 0.00 1045.02 0.00 5081.77 0.00

DMU11 1.000 28.41 0.00 298.13 0.00 5.77 0.00 15653.00 0.00 649.94 0.00 1646.74 0.00

DMU12 1.000 781.07 0.00 3283.54 0.00 27.98 0.00 758626.00 0.00 9729.01 0.00 14342.90 0.00

DMU13 0.187 3.30 −0.64 47.42 −0.46 0.29 −0.97 90.95 −0.97 122.41 −0.54 181.67 0.00

DMU14 0.093 0.94 −0.94 9.56 −0.74 0.58 −0.95 259.25 −0.87 27.41 −0.69 57.92 0.00
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developing China’s renewable energy technology through technology transfer from Japan. Korea is a leading
Asian country in green development and considers green growth as part of its national strategy. Korea’s green
strategy consists of three elements: industry, energy, and investment. This strategy aims to maintain the scale
of economic production activities to optimize natural resources, minimize the environmental impact on
energy and natural resources, and at the same time convert the investment to other activities. environment
and economic growth. The Korean government is committed to increasing the share of renewable
energies in the electricity supplier progressively phasing out the energy mix of coal and nuclear power,
boosting the energy efficiency of the country significantly and encouraging the emerging hydrogen
industry [30]. The transition towards greater use of renewables for desalination, especially solar power, is
accelerated in Saudi Arabia, Kuwait, and the UAE, three of the six members of Gulf Cooperation
Council (GCC) countries, to reduce fossil fuel consumption for exports or more economic uses [31]. For
the remaining research countries, average efficiencies are extremely low, with indexes not exceeding 0.4,
with Uzbekistan having the worst efficiency, with an index of less than 0.1. It implies that they have not
been utilizing their resources most efficiently. There is therefore enormous potential for them to increase
efficiency performance. Improving this by using the existing resources in a more effective manner, going
together with expanding the resources [32].

The primary focus of this study is to identify whether the researched countries, including the United
Arab Emirates (UAE), Kuwait, Saudi Arabia, Turkey, Iran, India, Malaysia, Thailand, Indonesia, Japan,
South Korea, China, Kazakhstan, and Uzbekistan, are efficient in their progress in using renewable
energies. To the best of the authors’ knowledge, there has not been such an investigation in the existing
literature. In this research, the proposed methodology and the results can serve as the step-stone for
sustainable development studies in Asia and globalization studies in which renewable energy is a
cornerstone. For managerial implications, this study could be a significant material for renewable energy
stakeholders, governments, and authorities of not only researched nations but also other countries to
expedite the transition from non-renewable to renewable energy sources and to facilitate the expansion of
green bond markets to developing countries, which may prove helpful for mitigating carbon emissions
and for increasing investment in clean energy projects.

Future studies should aim at evaluating further aspects affecting renewable energy consumption in other
nations within and outside Asia, as well as extending the proposed methodology to two-stage DEAmodels or
network DEA models. Additionally, more novel dimensions of quantitative and qualitative factors should be
considered in future studies under uncertain environments, i.e., using fuzzy multiple criteria decision-making
such as FAHP, FTOPSIS, FVIKOR to obtain more robust results. Assessing producing capability in various
types of renewable energy sources of each nation is also a vital strategy in the energy sector [33] in which the
decision-making of the best sources can signify avenues for further research.
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