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cy and its environmental effects. The score of measurement of efficiency lies
stween zero and one, which means China and Russia are awarded this score of one
(1), which shows the highest level of efficiency in clean energy, while Bangladesh (0.19),
Uzbekistan (0.09), Mongolia and Cambodia (0.06), and Kyrgyzstan (0.04) are at the lowest
level of performance in clean energy. The results of the study showed that clean energy
efficiency levels increased in all countries over the study period. The emission level of
greenhouse gases in the first world countries was found to be better in the context of
improvement in performance enhancement in the sector of the energy mix. Evasion score
is measured as 365 kt of CO». This score for NO, is 280 kt and for SO, is 82 kt, whereas it
is 23 kt (0.24 kg/cap) of particulate hazardous matter. The higher performance level of
energy Yyields a negative relationship with emissions of gases, with a significant number of
12% for NO, in 2000, as compared to 13% for SO, and 14% for PM2.5. Whereas PM10
has the highest concentration (18%). Public policymakers may enhance the facilitation
system for better free trade and a result-oriented corporate environment to enhance the
performance level of energy in the electric sector.
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INTRODUCTION

The COVID-19 pandemic shocked the global economy and
caused a severe impact on public health. Furthermore, the
COVID-19 outbreak had a significant impact on the
environment, particularly on carbon emissions (Li et al,
2021). The sustainable increase in temperature of up to 1.5°C
is to be maintained in the effective removal of external
contributing factors to climate change on the performance of
the energy sector for the end-user (Yumei et al, 2021b). The
maintenance of this sustainable growth in temperature has been
focused on by the “IPCC Special Report on 1.5°C” in which this
target sustainable temperature is to be achieved up to the
maximum at the end of the present century (Babaranti et al,
2018; Barua et al., 2020; Hou and Xu 2020; Igbal W. et al., 2021;
Cai et al,, 2022). Along with the reduction in negative effects of
climate change, the high-performance level of energy also brings
positiveeffects, a protected supply of energy, and higher
competitive advantages in the business sector as well as in the
welfare of the public (Khokhar et al., 2020; Irfan et al., 2021;
Madurai Elavarasan et al., 2021; Mani et al., 2021; Tanveer et al,,
2021). The reduction in demand for energy and enhancement of
energy performance has been suggested by the EU, including by
all EU member states in the last 30 years (D’Agata et al.,, 2019;
Mahmood et al.,, 2019; Kong 2020; Rahman and Islam 2020; Rao
et al., 2022). The effective mitigation of climate change was set in
2007 as a target to be achieved by 2020 by the European Union.
The goal was to reduce GHG emissions by up to 20% from 19
(Irfan et al,, 2019a; Rehman et al,, 2021; Yang et al., 2021). T
same target of twenty percent was set for renewable e

greenhouse gases up to forty
seven percent consumptie

factor for cost efficiency and”an effective indicator of reduced
energy consumption and reduced greenhouse gas emissions
(Yumei et al, 2021a). There is a need for time to clarify the
concept of the relationship between the efficiency of energy and
the level of energy savings (Igbal et al, 2019). This technical
relationship is to be evaluated with an understanding of the
degree of possibility of energy savings and endogenous variables
of price and income to have autonomous as well as guided impact
in the energy efficiency model (Igbal S. et al., 2021). The demand
and supply accepting the effect of such a relationship, resettle the
intersection point through which economic activity is reshaped
(Abbas et al., 2021). The main aim of this study is to understand
the nature of the bounce-back effect of the relationship between
energy savings and that of efficiency (Hou et al., 2019) and this
relationship is viewed from both perspectives such as actual
delivery of savings in the energy sector and adjustments of
this change over time.

Primarily the use of energy in its own sector accepts the effect
of a higher level of performance of energy in the following ways
(Anser et al., 2020). Firstly it is due to the available substitution
ways of energy production which are measured in efficiency units
in the set predefined target sector (Chien et al., 2021). It brings a
cost reduction, and subsequently, prices shift downward due to
their measurement in terms of efficient energy (Mohsin et al.,
2021). It depicts that the performance level of this sector is greater
than the compared consumption level when it is measured in
natural units. The second reason for the impact of the efficiency of
energy on its use is the level of its competitiveness as per its
competitive advantages. Due to efficient energy production, the
cost is reduced, which results in prices also reducing. When prices
are reduced, demand is increased (Mier and Weissbart, 2020).
When there is an increase in demand for energy, obviously there
is an increase in demand for its generation. This driven demand
of associated goods is firstly due to substitution, and secondly due
to the competitive advantages; bg ese reflect rebound effect
due to which the value of eff ases at increasing rates

Interconnectivity to the production sector. The
ale of this study is to fill the above-mentioned
résearch gap. This study investigated how energy efficiency
tends to favor low carbon emissions, given the onset of the
COVID-19 pandemic, without reducing economic growth. We
have applied the multiplicative function approach to check the
interactivity among the variables. Moreover, we have used a
modified form of the DEA model, followed by (Zhou et al,
2019) to address the dynamic evaluation of efficiency related to
energy and the environment of the Asia Pacific region.
Furthermore, this research study has included data
envelopment and discriminant analysis (DEA-DA) that is
applied to the classification and evaluation criteria of
ranking among the firms related to energy, Therefore, this
approach is used here in order to determine which countries
are efficient and inefficient.

LITERATURE REVIEW

Data Envelopment Analysis

Farrell, (1957) propounded and floated the efficiency concept,
which was followed by (Charnes and Cooper, 1984) who used
linear programming to measure efficiency scores through a
framework of multi-factor production called the DEA model.
With the passage of time, many research experts modified this
model and applied it to various sectors. The DEA-CRS model,
which is also called the CCR model, focused on a constant
return to scale, was incorporated (Kopp, 1981). (Banker et al,,
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FIGURE 1 | Energy efficiency score.
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1984) transformed and developed DEA-VRS to address variable
return to scale, which is also called the BCC model. Following
this, DEA has been widely used to measure a DMU’s production
efficiency. Jin-Li and Shih-Chuan (2006) introduced a DEA
model application to calculate disaggregate deficiency by
focusing on the estimation of energy efficiency of the total
factor. Numerous research studies have been conducted by
using this method (Wang and Hu 2006; Wang et al., 201
Zhang et al., 2020). The existing literature also emphasizeg
ecological or environmental energy efficiency, i

Stochastic
nof-parametric  Data
approach is based
e the SFA is related to
(Honma and Hu
2014), included 14 indusffial countries in an estimated
comparison of performance in industrial energy efficiency in
Japan. Furthermore, Makridou et al. (2015) investigated the
performance of efficiency in energy-intensive 23 industrialized
European countries. (Jebali et al., 2017). analyzed the energy
efficiency stages of Mediterranean countries by using the double
bootstrap approach of DEA. Gémez et al. (2017) used the
bootstrap DEA technique to compare efficiency situations in
European countries.

energy measurement,
Frontier  Analysis
Envelopment Analys

TABLE 1 | Descriptive statistics.

Labor EC co, GDP
Max 1364270000.00 17926.72 45.42 10439.00
Min 1152309.00 22222 0.28 7.34
Average 88515784.02 282017 6.98 471.50
SD 261500201.90 3098.55 8.01 1506.91

gS to calculating energy
are; likewise, government
efficiency proportion.
ve strong machinery and are
forcihg policies. Energy policies are
d and implemented by the government
efficiency, which consequently plays a role
e energy consumption patterns of citizens.
al efficiency depends upon enforcing policies. A
antial amount of research has been conducted to
estigate the role of government policies on energy, policies
that drive energy transition, high energy potentials, and
commercial applications of energy technologies such as (Choi
et al,, 2012; Wang J. et al,, 2017; Cheng et al., 2019). However,
throughout these research studies, governmental institutional
efficiency to improve the energy efficiency gap has been
lacking. We have taken up this issue to incorporate a new
dimension in this arena of energy efficiency.

Energy Efficiency Techniques

Evaluation of economic development and environmental
sustainability are the cornerstones of assessing new
technological avenues or processes. It is so because mitigation
of climate change affects demand for policies and mechanisms to
control pollution generated from fossil fuels. A transition from
fossil-based sources of energy to renewable energy sources is an
important dimension (Zhou et al., 2012; Wang H. et al., 2017).
Bampatsou and Halkos (2019) found the energy efficiency
possibility of G7 areas, while refined water supply and
renewable sources of energy are very imperative. Energy
security and the supply of energy without discontinuity are
also paramount to sustainable economic development (Blum
2015).

As interest in energy is quickly developing, in this manner, the
emanation of air contamination is quickly expanding. Improving
energy effectiveness prompts proficient asset assignment and
contributes emphatically to local air quality and natural
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FIGURE 2 | Regional energy efficiency score.
TABLE 2 | Energy efficiency score. sources. The fl.mdamentaj\l ad examining the natl.lral
issues confronting organi lizing new ecological
No Country 2010 20M 2012 2013 2014 ,rrapgements is percei in terms of energy and
1 Thailand 0.35 0.30 effect. Then ecological concerns,
2 Croatia 0.22 0.33 arrangement ost part, dispense higher
3 Bahrain 0.05 0.18 expense w credits (Sueyoshi and Goto
4 Kuwait 0.17
5 Israel 0.54
6 Slovak 0.25
7 Cyprus 0.11
8 Albania 0.12
9 Belarus 0.16
10 Bulgaria 0.15
11 China 1.00 li inf . f 1 dizati d
12 Kazakhstan 0.99 so itary in ormation sources, for example, energy utilization, an
13 Romania 0.34 disregards other significant data sources like capital and work
14 Ukraine 0.19 (Sueyoshi et al, 2017). Such indicators are most likely
15 Uzbekistan 0.09 oversimplified and easily distorted in the investigation of overall
1? g::ﬂgbagﬁa g'gg energy effectiveness (Iftikhar et al., 2018) and, as such, are regarded
18 Oman 0.04 as a less precise measure .for estabh.s}.nng a national or global energy
19 Qatar 1.00 strategy. In this examination, we utilized the second measure, which
20 Saudi Arabia 0.79 consolidates information sources, for example, work, capital, and
21 Macedonia 010 energy, to bring down creation costs (Alola and Bekun 2020;
gg :;rr:g?;stan 8'1(2) Agboola et al, 2021; Gyamfi et al, 2021). It is considered
o4 Egypt, Arab Rep ) 0.03 021 019  wasteful when countries produce results without reducing the
25 Moldova . 0.07 0.07 0.08 0.08  number of data sources used or by using an obsolete instrument
26 Turkey 0.84 0.88 0.84 0.86 0.78 that prevents a decrease in contributions to the base. In such a state,
27 Vietnam 014 013 014 014 013 energy contributions to different sources of information are viewed
28 Indonesia 0.39 0.43 0.39 0.37 0.34 tefull tilized d th dered i ted
o9 Jordan 013 013 013 013 013 s wastefully utilized an e energy squandered is noted.
30 Malaysia 0.41 0.41 0.41 0.38 0.39 Methodologically, this can be evaluated as the extent of the
31 Mongolia 0.04 0.08 0.04 0.07 0.07 planned energy contribution to the watched energy inputs. It has
32 Czech Republic 0.38 0.65 0.38 0.52 050 been impressively used to benchmark energy execution in various
83 EStO,n'a 0.06 0.16 0.06 016 016 examinations (Liu et al., 2010; Valadkhani et al., 2016; Suzuki and
34 Latvia 0.13 0.25 0.13 0.26 0.25 Niik 2016: S t al 2018)
35 Lithuania 0.15 0.30 0.15 0.31 0.29 ykamp » dong et al, :

supportability (Blum and Okwelum 2018). Even though interest
in inexhaustible wellsprings of energy, for example, wind and
Sun, adds to the monetary results, the fundamental concern is the
greater expense of power creation from sustainable power

METHODOLOGY

In the start, Data Envelopment Analysis (DEA) Model (Farrell
1957) and (Charnes and Cooper 1984) has been used to clarify the
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energy efficiency in model (1). In both of the vectors as
input (d*) and for output ( d”) in their all components
Region Efficiency ~ possess zero as a necessary condition for decision-making
units efficiency. The dual dimensions of this model have

TABLE 3 | Regional efficiency score.

South Asia 0.25 .
ASEAN 0.34 been described as Max,

Middle East 0.43

East Asia 0.71 {WYk + OIVXk =1,-Vk;+ WY;

Furope 025 +020(j = 1,..,n),V20,W 20}.

Here, V = (v1,. . ., Vi) and W = (wy,. . ., w;) is two-row vectors
of dual variables (multipliers) related to the first and second sets
of constraints in Model (1). A dual variable (o;) is derived from
the third constraint of Model (1) (Sueyoshi and Goto 2017). SCSC
(Strong Complementary Slackness Condition): The Following
Complementary Slackness Condition (CSC) exists between every
optimal solution (6°,1", d**, d”*) of Model (1) and every
optimal solution (V*, W*, ") of Model (2):

set objectives of this study. The radial model is used here with the
RTS variables. The structure of the said model is based on
the mathematical input. In this model, the score of efficient
energy 6 is to be measured with kth DMU which stands for
decision-making unit whereas kth is used for co-response of
DMU for organizational business.

010X,—) " A X;~d*=0,)" AY; ~d’ =Y

Min N -V'X; + W'Y, + g4 yee ),
12 =120(=10m),d >0, & >0,6: URS i ! ’
(1)
In this set where X; = (xlj,xzj,...,xm]) > 0 and Y;
Y1), Yajo - - > SJ) >0 the notation of T is representing the

transpose of the vector, whereas d* and d” are representing the
vectors in two columns which are used to represent the slacks of
inputs and outputs. To represent the input columns vector of the
decision-making unit up to the jth item. The following set
beenused X; = (x1j, X2 - -> xmj)T which is supposed to be n
less than zero on the same pattern for output column _vector

should not be less than zero as under Y; = (y, jgf reference sets, we propose the following DEA model that
The notations of i is an indication of the in combines Models (1) and (2) along with SCSC (Chen et al,
i=1,...,m Whereasrisindicating the s 2016),

r=1,...,s. The notation of j is used to isionSpaki Max.{n |All the contraints (1) and (2), 6 = WY+ o, o: URS

units up tojasj=1...n T i

decision-making model are

deal with an occurrence of multiple projections and

A+VX-WY-ce' 2ne’, VI+d*2ne’, W! + &'

have been elaborated here with ngeof data space of + >ne’, >0}, 3)
scalar A; is used t str ariable to analyze

the relationship f dediston making with one Charnes et al. the operation scientist favored DEA to
another. There are s on the score (Q) of  measure the multidimensional relationship between energy

1.00
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FIGURE 3 | Sensitivity analysis.
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efficiency its demand under the various constraints. The
objective of measurement of effective efficiency among
provinces of the twenty-four countries is achieved through
this paper by applying the DEA model. This model is used to
evaluate the inputs and outputs of the same nature for DMU.
The technology of mathematic programming is used as a piece
of intellectual linear best practice to evaluate the defined
efficiency of DMU establishing with the data of input
samples. In each of twenty-four countries, x j is denoting
the input vector of DMU]J in production decision making
unit Yj denotes good output vector where b j denotes the
bad output vector of DMUj (Zhou et al., 2007). Inputs of
DMUs are representing capital, labor, and energy as good units
of output in the total share of GDP whereas CO2 as its
emission for all provinces is taken as the bad units of
output. This model of DEA does not require additional
information for being the already established mature
measurement technique for the performance level of energy.
This study is focusing on both models to measure the
performance level of utilized energy along with its
environmental effects. This methodology describes that the
kth MMU if considered to be inefficient will be put on the
frontier of efficiency by having projected these units. X, Y, are
the units which do not require such projections because these
units are already reflecting the highest performance level. The
following equation is representing the mathematical notation
of putting Kth item on the frontier of efficiency of DMU.

m * S *
_Zi=1ViXik + Zr=1WrYrk +o=0

Since the jth DMU (j € Rg) has )\; > 0, Jth is greater than zero
and j belongs to Ry applying that Jth DMU, we consider that all
values of parameters as well as values of intercept are assessed
by —YiZvixii + X0 Wiy, + 0 (j € Ry).

In the case of a multiplicity of output and input units in a data
space, the hyper plan is the main characteristic of the framework
of DEA. This indicator provides a reference set for the kth unit
of decision-making for its characteristic of supporting
hyperplane. This indicator also allows changing the location
of this hyper-plane of discrimination if we want to distinguish
the inefficient units from the efficient ones. For that purpose, we
have used the change in the location of the hyperplane in the
model of DEA. Although this model is found to be significant in
this research, the level of applying this model to reduce the
inefficient units is very high. We overcome this difficulty level by
adopting these steps.

Step 1: we used an optimal solution of model (9) we divide the
units of decision making into two sets as (E) for efficient and (IE)
for inefficient (Zhou et al., 2006).

In Step 2: We have applied the below-mentioned type of the
model DEA-DA upon both of the groups of efficient as well as
inefficient groups Min. M Y. .pZ; + Y157

This model is used under the following condition

—ivixﬁ + ZS:Wryrj + 0 +Mz>0,j€E

i=1 r=1

—ivixﬁ + ZS:Wryrj + 0 -Mz< —¢ jelE

i=1 r=1

m N
—Zvi +ZWr: L vize( i=1,.,m w,=er=1,..,s5,
i=1

r=1

—ZCL =m, ZC, =s, 0: URS, v;> Oforalli, w,>0 forallr,

i=1 r=1

zj: binary for allj, {j, : bina

In the above notati

oing towards the solution of
the incorrect units of decision-

e notations — 0 (j € E) and —o0 — ¢ (j € IE) are used to show the
e of discrimination (Liu et al, 2015). The observations,
existing in the function of discrimination estimation, are
avoided through the small number . The classification of all
DMUs is done through the following discrimination function
(=Y vixi +21s—=1W1’Yrj + o). The slope of the function in
discrimination estimation is represented by the unknown
weights of Vi and Wr is used for I =1, ... ... n, and Wr is
used forR=1,.........s.

Both variables ie. Vi and Wr are dual multipliers in Data
Envelopment Analysis Model. The same variables are used in
DEA-DA as unknown weights. The function used in the
estimation of discrimination is representing the positive weights
which are shown in the following constraints of the model

Zzlvi +Z:j:1wr =L vizeGi=1,...,m w,>e{r=1,..., s>
(7)

Unity encompasses all the unknown weights that means the
sum of all values of Vi and Wr are equal to one. This constraint
confirms the normalization of the data. The counting of positive
numbers of unknown weights is done through binary variables
of the model where () represents counting of all variables of I
and ( {, ) represents an accounting of all the variables of r
(Bampatsou and Halkos 2019; Broniszewski and Werle 2020;
Pan et al., 2020). The lesser numbers then are controlled with
their weights by applying the to the said binary variables keeping
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in view the degree of freedom among the observed numbers of
units of decision making (DMUs) along with the weights of the
said three.

Step 3: This allows us to have an optimal solution when we are
applying model 15 to the set of data. It also allows us the
computation of the Jth item/unit’s score as following.

DMU:

P = —zzlv’;xij + ijlw:yrj +oforallj=1,..,n.  (8)

Step 4: is the process of computing scores of efficiency which
are adjusted with the scores of PJ. Step four takes the following
process a maximum.

(a) Ma x; pj is used to find the maximum values of efficiency
scores whereas mi njp; is used to find the minimum values
of efficiency adjusted score

(b) We define the range of the maximum and minimum values as
in the case of positive values of maximum values of PJ we use

(b-1) range (A) = ma X pj — mi njp; if ma x; pj is non-

negative and

(b-2) range (B) = ma x; +pj|minjpj | if mi n;p; is negative.

(c) The adjusted efficiency score for the jth DMU is
measured by

(c-1) Efficiency = [p;

negative and

(c-2) .Efﬁciency = [pj + Iminjpjl]/ [ range(B)] if minjpj is

negative.

— minjp;] / [ range(A) ] if min;p; is non-

(15) is used here to separate both of the
applying the functions of discrimination

challenge of mitigating exter
reduction of emissions o

functions of producing and Méfeasing economic outputs in such a
way that may ensure the reduction of CO2 emissions along with
the reduction in the consumption of fossil fuels. The salient
indicators of corporate social responsibility are said to be
environmental and economic performance, which reflect the
growth of society, indicating the sustainable development of
society (Kjaerheim, 2005). Economic performance level is used
by policymakers as a metric to manage economic efficiency and
corporate culture or corporate environment (Hindiyeh et al., 2018).
the ratio between the production level and the impact of the socio-
economic environment can be improved and measured through
this efficiency (Bjorn and Hauschild, 2013). The ratio of
production level to the level of emissions of CO2 and
consumption of energy must be taken by firms as a sustainable
metric of economic performance level to mitigate the externalities
of climate change as being the most preferred social duty of the
corporate sector.

RESULTS AND DISCUSSION

Table 1 presents the descriptive statistics of the study. While
comparing countries involved in this study with other countries,
the enhancement in the performance level of clean energy and its
cost must be fulfilled by thecorporations. The same need has been
shown through the results of the Data Envelopment Analysis
(DEA) model by its application to different sectors of society. The
low value of the mean shows the low level of performance of least
developed countries (LDCs) in which a reduction in carbon
dioxide emissions and a reduction in energy consumption are
needed along with the high-performance level of the economy.
The performance level of cost in the context of the firm’s
distribution replicates the above notion. The quantitative
survey demonstrates the importance of environmental
policymakers and managers who can create a corporate
culture in which low-efficiency producers can be persuaded to
adopt a policy of lowering carbg ide emissions and energy
consumption.

In Table 2, the score

efficiency lies between

at the lowest level of performance for clean energy.

e results and estimations of the study for the selected
cbuntries are very similar to those of the countries studied by
Zhou et al. (2012). The countries like Mongolia, Bangladesh,
Kyrgzistan, and Cambodia, with respective scores of 0.06, 0.19,
0.04, and 0.06, are found to have the lowest performance levels
among all the estimations. Stern (2012) found the lower values of
estimations for three countries: Zimbabwe, Tanzania, and
Ghana. The function of evaluation at a low-performance level
will remain in operation for inefficient countries until and unless
the public sector of these countries does not adopt efficient
policies by inducting good management oriented towards
environmental science. Through such short-term policies, a
corporate culture of clean energy with reduced emissions of
CO2 can be maintained in the countries that need it most in
the energy sector. The same presentation of results has been
presented below in Figure 1.

Developed countries and the least developed countries (LDCs)
alike require a reduction in energy consumption along with a
reduction in cost and a reduction in GHG emissions. A reduced
level of all three can be achieved only with the higher level of
energy performance. The International Energy Agency has in
2017 revealed this fact through its series of reports on the market
that a 12% high level of energy could be consumed within the
previous 17 years if the world achieved clean energy and cut waste
in the energy sector. An amount of US $ 2.2 trillion was saved in
2016 with a downward trend of the intensity of energy around the
world due to the enhanced level of performance of the energy
sector. As a particular matter (PM), the sources of emissions at
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the local level, which are carbon dioxide, nitrogen dioxide, and
SOx, have been estimated along with the greenhouse gas
externalities. Germany was proved to be the best example of
saving local emissions of pollutants in 2014 as compared to that of
the year 2000, which successfully avoided the emission of carbon
dioxide with a score of 635 kT, which may be written as 7.7 kg/
cap. Germany remained successful in avoiding 280 kt of nitrogen,
which may be rewritten as 3.4 kg/cap of NOx. It avoided 82 kt of
sox (1.0 kg/cap). It improved in particular matters with a score of
51 (0.52 kg/cap) and 23 kt (0.24 kg/cab). Due to energy efficiency,
NOx was avoided up to 12%, SOx up to 13%, and particulate
matter (PM10) was avoided up to 18%, whereas particulate
matter (PM2.5) was avoided up to 14%, as per the comparison
made by EEA in 2019, taking into account the total amount of
other emission types in 2000.

The same goal of achieving energy efficiency in terms of
total factors is to be the main objective of this study, in which
DEA is applied for cross-sectional data. (Ouyang and Yang,
2020; Geng et al., 2019). While applying DEA to find out the
enhanced level of performance in the total factor framework,
we have to face unsuitable results in the shape of the score limit
exceeding the given range. This problem is tackled in this study
by applying the DEA model to 49 member countries so that
this approach may become workable. We have successfully
computed the scores of total factory EE with the application of
the DEA model. We discovered that the United Kingdom,
Israel, Singapore, Hungary, Qatar, and the United Arab
Emirates are performing at a higher level in the ene
sector, serving as a model for other countries (Sun et a
2020a). The six countries mentioned above i
successful in achieving the goals of EE, wh

The European “Strategic
crucial involvement ingeli

of clean energy can be achigy€d. This is the main area in which
all potential is to be utilized because there is a direct
relationship between the enhancement of technology and
the enhanced performance level of energy, which will result
in a reduction in CO2 emissions and a reduction in
consumption level consequently. The UK and Hungary are
the countries that can be observed as role models. The policies
of these countries in the energy sector deserve to be presented
as the best policies to achieve sustainable and reliable
development in mitigation of the externalities of climate
change.

In 2015, Germany witnessed energy efficiency (EE) with the
results of almost 2.2 (TD) and 1.1 (BU), a lower percentage of
overall household expenditures. In the same year of 2015, the
middle and low-income classes experienced more benefits, with
the percentage of their overall household income corresponding
to the scores of energy efficiency being 3.6 (TD) and 1.8 (BU). The

level of heat generation and electricity production reflected
harmful effects on the health and economic wellbeing of the
public at the local level (Sun et al.,, 2020b). By improving the
performance level of energy, we avoid the use of direct fossil fuel
through such avoidance, we can save energy which will have a
positive impact on the public health and economic condition.
Thirty-one thousand cases of expected death were avoided
through energy savings based on top-down mechanisms. On
the other hand, based on the bottom-up savings, in the case of a
particular matter (PM2.5), eighteen thousand emissions were
avoided when this number was thirteen thousand for NOx.
Based on the bottom-up approach, the savings were 12,800 for
a particular matter (PM2.5) and this number was 9500 for NOx
(Mohsin et al., 2019).

The General Regulations of the Electricity Regulatory Institute
published a report on 11 April 2018 named “China Energy
Development Report, 2017.” A 2.9% increase has been shown
in energy consumption as comp its use in 2016. In 2016,
the growth rate of energy as 1.4%, whereas, in
2017, it remained at 1.59 onsumption of energy

egate formation level of energy may be result-
ed to increase efficiency in the energy sector. This
aggregate level is said to be the potential core in the case of
the European Union when the UK leaves this union on 31
January 2020, which means the transitional period will last
until 31 December 2020. This development has reshaped the
whole scenario of research, including the past research results
because the UK had been in a leading position among all other
EU countries, so bearing the significant results other than the
observations of this country, the data set cannot be thought of
as complete, and dropping the value of this observation means
a challenge to all past analyses made on the understudied
subject matter. The change in the data set brings a change in
the empirical results, so the TFEE approach has been
employed in this study to compute the desired results by
using the DEA model. This approach has the ability to
estimate the higher performance level of disaggregated
performance level for all data sets of future externalities of
carbon dioxide emissions, gasoline consumption, and
electricity consumption. The TFEE approach compares the
disaggregate performance level of the UK as an EU member
country with that of a level when it was not a member of
the EU.

The regional performance level of energy has been clarified
through Table 3 and Figure 2. This table and the figure show that
East Asia is at the highest level of regional efficiency with a score
of 0.71 whereas South Asia is at the lowest score of 0.25 (Belaid
et al., 2018). Such a study may result in a significantly practical
model for policymakers. This study is focusing on the

Frontiers in Energy Research | www.frontiersin.org

April 2022 | Volume 10 | Article 832189


https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles

Lietal

RETRACTED ON 07 AUGUST 2025

Energy Efficiency Mitigates Carbon Emissions

requirement conceptualization of the relationship between
demand evolved due to enhancement in energy efficiency and
price of this induced demand.

Qd (Induced with efficiency) = f (P of energy)

Such conceptualization of the theory of demand in the
energy sector may be highly beneficial for industrial
policymakers while defining implications of the expected
requirement of coordination. The Other regions like
ASEAN, Middle East, East Asia, Estonia, and Europe are
bearing scores of 0.34, 0.43, 0.12, and 0.25 respectively.
Germany does not show its better position in BBSR being a
G7 country. A comprehensive research gap exists in this
sphere of the low-performance level of energy in Germany.
There is wide scope for a research study to find out the reasons
due to which Germany is showing such results. The country
has to be dependent on inputs in the energy sector, 60% of
GDP of consumption of energy depends upon imports in
2015. The following are some reasons which do not allow the
country to achieve the high-performance level in this sector:

1) Germany’s energy market is not Pareto efficient, and it is not
in a state of perfect competition.

2) Germany has to follow the European Union policy for its
energy sector.

3) Germany has failed to reduce its reliance on fossil fuel energy.

This study provides a basis for policymaking for thg
sustainable development of clean energy for 4Ge
Denmark, and Sweden. The
environmental science have declared th
and managers have recommended
consumption, a reduction in i

target of the high-performa
policy options are the f
entrepreneurs as Wwe
Perfect competition can be ensured by the
liberalization of its the energy sector. This
scheme will provide mechanism to divide the
concentration in the retail market through the open entry
of energy producers. In this way, a monopolistic system
cannot influence the prices because low prices may increase
the consumption level of energy, which is not desirable. To
avoid such a situation and to ensure the effective level of
energy consumption, the governments of Slovenia and Poland
have imposed taxes because the low consumption of energy is
also an indicator of a high-performance level of energy.

Discussion

Throughout the world, energy efficiency (EE) is the key feature of
all local and national government policy strategies. According to
the OECD/IEA report, this salient feature is characterized by a
high level of savings through cost-cutting techniques, keeping the
objective of climate change mitigation on target. As compared to
2016, an amount of US $236 billion has been invested, with an

increase of 3% in 2017. In 1970, the world experienced an oil
crisis, during which most countries focused on energy efficiency
and went through the scientific literature on the topic.

Since 1970, the energy policy had been set at top priority in all of
the countries with time; focus had been shifted to greenhouse gas to
bring the negative effects to minimum levels. The area of research
has been expanded up to technical engineering and up to the fields
of behavioral and organizational economics through which the
practical implementation strategies are coming to be adopted. In
2017, the emission of CO2 increased up to 1.4% around the world
even though practical and scientific policies and strategies have
been adopted by all economies over the last 40 years. The highest
emission score is 32.5 Giga tones after having experienced the flat
emission rate for 3 years at the global level.

The objective of achieving a clean energy environment is not
so easy, despite the focus of governments and worldwide policies
to make it possible. The current techno-economic framework is
characterized by modern socia mists as inconvenient in
terms of creating an envirg
finding system. Disentangli

ency is critically crucial
cement and practical
economic
economic

well as on the production side. This is the sector

the top agenda item of the European Union’s 2030

energy policy objectives. The same object has been

sed on by IEEE (International Energy Agency). The Energy

ion has been established to achieve the following five

objectives:

1) energy consumption methods that are sustainable,
dependable, and secure

2) a critical examination of the energy sector’s internal market

3) a perfect economy free of carbon dioxide emissions

4) creating a research environment by establishing novel
conceptualization methods.

Even in the modern world, we do not have such options on the
practical ground through which the target of enhanced
performance level and reduced cost may be adopted at the
same time. More and more focus has been concentrated on
saving energy. As has been clarified by many research studies,
saving of energy should be coupled with cost-efficiency. This
approach of coupling benefits, as higher performance level plus
higher competition level, along with the fruitful results of health
and other economic sectors, is more beneficial than adopting
policies of cost-cutting. Any cost-cutting policies should also be
coupled with the other benefits of energy efficiency (EE) policies.
Normally, equipment is not considered while considering
externalities like extra demand for energy in the course of
achieving energy efficiency, which is only because of the
absence of consideration of upstream change. Some other
important indicators, like reductions in revenues due to a
reduction in tax implementation and enhanced levels of
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unemployment, remain unconsidered during our study’s
methodological framework.

Since the 1970s, Denmark has been dependent on imported
sources of energy, but is now going to be dependent on its local
resources for the production of energy. This country is exporting
fuel as well as electricity now. This country has achieved this
objective by adopting the following policy measures:

e Being Fluency

¢ Controlling the emission of carbon dioxide and of electricity

e Technology is considered a factor of production in the
present economic theory.

Denmark has adopted the new technology of energy
production through wind turbines and thermal power.
Sweden is fully dependent on the EU energy market, even
though the EU is trying to shut down the nuclear plants in
Sweden. The EU energy market is enjoying high energy prices
in its exports due to the fact that its hydropower development
is on an increasing trend, through which exports are also
increasing at increasing rates. In the case of lower energy
prices, imports get developed and hydropower development is
stopped. Sweden will have to wait to adopt the policies for
system development for sustainable price mechanisms. To
fulfill the energy requirements, Luxembourg depended on
imported sources of electricity and fossil fuels. It
experienced a low value-added fuel tax Dbecause
government has been focusing on energy security. The

its

country has set up a national renewable energy action pla '\>

energy demand to RES (E
government of the UnitedsKi

without the emission or'Gtilization of carbon. It is because the
government is about to éBfr the new phase of the energy
environment with new technologies of production in this
sector. We have summarised here the policy measures of
four EU member countries, which are Denmark, Sweden,
Luxembourg, and the UK. The salient features of the
collective policy options of these four countries are as below:

The imposition of taxation to raise the price

Control over the transactions of the electricity market
Sustainable price policies

Setting up goals to achieve the desired level of sustainable
and clean energy

The energy efficiency of each country can be controlled by
inducing an effective approach to estimation. Comparison of the
policies of different countries may help to monitor their energy
efficiency levels separately. Investigation of current and future

systems of energy-producing organizations may provide the basis
of a monitoring mechanism for countries at the individual level.
This study is a judgment of the viability of the implementation of
total factor energy efficiency within the framework of the
DEA model.

Sensitivity Analysis

When we apply the research gap CSW to the international
Malmquist Productivity Index (Kao, 2010), the homogenous
observations of general weights are taken in the set of units of
inputs and outputs for the whole time-series data. The sensitivity
analysis results are presented in Figure 3.

Policymakers estimate all units of the decision-making process
as per their specific characteristics to manage the variations over
time. It is due to the change in regulations introduced by the
government in the energy and waste management sectors. To find
out the different results of different ranks of units of decision
making (DMU), we apply the li ggramming model of the

solutions for feasible stablish CSW in the

context of the

NCL N AND POLICY IMPLICATION

he sis of energy efficiency has become pretty interesting
o the awareness campaign describing the problems of the
séctor. All the previous studies made in this area of efficient
environmental design have discussed the ways of controlling the
negative externalities. DEA has provided an optimal combination
of effective energy among 35 decision-making units. It provides a
sound basis for bringing the possible highest level of performance
from energy through a reduction in negative externalities like
emissions while leaving economic growth unchanged. The
conventional use of the DEA model shows rebound problems
that have been replaced in this study by introducing some
alternative ways to overcome the undesirable results associated
with this model. The project approach, which is used to adopt a
replacement approach to different performance levels evaluated
in business and social economics, has future applications. The
score of the measurement of efficiency lies between zero and one,
which means that China and Russia bear this score of one (1),
which shows the highest level of efficiency in clean energy. Saudi
Arabia (0.93) comes in second, Singapore (0.90) comes in third,
and Turkey (0.84) comes in fourth. In the same way, Israel is on
the fifth number with a score of (0.82). On the sixth number in
Qatar (0.67), Poland (0.57) is on the seventh and Hungary (0.39)
is on the eighth, whereas Romania (0.37) is on the ninth number.
Bangladesh (0.19), Uzbekistan (0.09), Mongolia, Cambodia
(0.05), and Kyrgyzstan (0.04) are at the lowest level of
performance for clean energy.

The emission level of greenhouse gases (GHGs) in developed
countries is found to be better in the context of improvement in
performance enhancement in the sector of the energy mix. The
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score of evasion is measured as 365 kt of CO2. This score for NO2
is 280 kt and for SO2 is 82 kt, whereas it is 23 kt (0.24 kg/cap) of
particulate hazardous matter. The higher performance level of
energy yields a negative relationship with emissions of gases, with
a significant number of 12% for NO2 in 2000, as compared to 13%
for SO2 and 14% for PM2.5. Whereas PM10 has the highest
concentration (18%). Public policymakers may enhance the
facilitation system for better free trade and a result-oriented
corporate environment to enhance the performance level of
energy in the electricity sector. The value of the component of
efficiency change is less than unity, which means it has a negative
relationship with a higher level of energy performance. Different
large provinces are found to be inconsistent within different
sectors of the industry, so these do not remain able to perform
at their best level. Equal weights have been used to calculate the
EPIS in this study. The economic value of energy efficiency has
been influenced by different weights. This dynamic effect of
different weight settings may be examined in some of our
future studies if the data is available. We would be applying
the presently used methodology to estimate the low level of
performance in industrial sectors. Through the application of
this model, we will be able to have a deep insight into establishing
the basis for a society that possesses environmentally friendly
characteristics.

Policy Implication

1) The adoption of advanced technological design and the
maintenance of the minimization of purchase a
production waste can help to achieve high-performange

designs, keeping in view
environmental sciencgs
2)

green transformation, akers must make decisions based
on weighing energy and €@¥ironmental performance indicators
in the process of assessing modern technology procedures. The
specified positive relationship between energy consumption and
greenhouse emissions demands a high level of priority given by
policymakers to the input variables such as consumption as
compared to the negative externalities of output variables such
as emissions of GHG. This relationship becomes more effective
in the case of industries whose energy intensity is higher because
high-intensive industries are found to be less efficient in the
energy sector. The higher good-quality index can be achieved
along with cost efficiency by adopting the input variable
techniques through which we can experience high potential

in achieving our desired goals of energy efficiency and reduction
of energy consumption.

If the public sector is interested in achieving the improved
energy environment and corporate culture of an innovative
technological socio-economic environment, then investment
should be channeled into research and development (R&D) as
innovation has become a crucial part of environmental
efficiency, which has a rebound capacity for economic
development as a matter of the investment made in this
sector. Energy efficiency plays a distinguished role in the
enhanced level of clean energy and the reduced level of
GHG emissions. The specific characteristics of weaknesses
and strengths of different economies should be kept in mind
by policymakers while formulating the framework of policies
and strategies.

The Energy Union has set a high-performance level of
energy as its top priority agenda, with reductions in
greenhouse gases and dence on imported
resources, reductions i ent, reductions in
energy insecurity, R&D and innovative
technological enhancements

3)

4)

in
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