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ARTICLE INFO ABSTRACT

Article history:

This paper proposes a new model to study carbon emission issues in seven emerging (E7) economies
(China, Mexico, Turkey, Russia, Brazil, Indonesia and India). It employs weighted Quantum Spherical
fuzzy DEMATEL model with golden cut using 18 years data, which was ranked for carbon emission
evaluation via Quantum Spherical fuzzy TOPSIS method. The data includes macroeconomic variables
for the period from 2003 to 2020. Paper observes that (i) CO, emissions from fossil fuels is the
most significant factor distressing the carbon emission problem of E7 economies. It suggests that
these countries need to explore alternatives to fossil fuels to handle the carbon emission problem.
(ii) The CO, emission problem in energy production can be minimized by renewable energy and
nuclear energy, suggesting some financial incentives to the investors in energy explorations areas.
(iii) It is also observed that due to high volatility of CO, emissions, a negative market factor exists
in consumer sentiment in consumption of oil and petroleum products. This can be compensated via
energy consumption fiscal policy in taxation and encourage of extractive industries and producers of
petroleum products, as well as the uneven spatial development to have a significant impact on the
reduction of CO, emission. The paper gives recommendation that E7 countries need to find alternatives
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to fossil fuels in order to deal effectively with the carbon emission problem.
© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

The objective is to shed the light on projects that should be
prioritized by all groups that are involved in the energy system
of China and E7 countries based on the discussions with the
participants of this research. The main research question is that
global CO, emissions from fossil fuels is the most significant
factor regarding the carbon emission problem of E7 economies.
This paper also fills the gap in economic modeling and energy
research: E7 countries ranking for carbon emission evaluation
with the help of Quantum Spherical fuzzy TOPSIS and ranking of
successful E7 countries to manage carbon emission problem. The
energy cooperation between E7 economies calls upon the analysis
of recent energy production and consumption of CO, emissions
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in Emerging Economies. Therefore, it is significant to introduce
management of energy resources.

Carbon emission issues are a significant concern in the seven
emerging (E7) economies, including China, India, Indonesia, Rus-
sia, Mexico, Brazil, and Turkey. These countries are home to
almost half of the world’s population and account for more than
half of global economic growth. While economic growth is nec-
essary for development, it has resulted in increased carbon emis-
sions, leading to environmental degradation and climate change.
To address this issue, these countries are adopting the green
economy paradigm, which aims to use resources rationally and
reduce carbon emissions. Studies have shown that there is coin-
tegration between energy consumption, economic growth, and
CO, emissions in Brazil, India, and Russia, but not in Indonesia
(Romero-Avila, 2008; Karakaya et al., 2017; Klenert et al., 2018).

The paper uses the macroeconomic variables for the period
from 2003 to 2020 because this period is optimal one for Inte-
grated Fuzzy Model:

Global CO, emissions from fossil fuels,

Annual change in CO, emissions,
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Consumption-based (trade-adjusted) emissions,

Decoupling CO, emissions from economic growth,

GDP in current prices.

Much research is included the questions of analysis of CO,
emissions: in South American countries (Robalino-Lépez et al,,
2016), in Asia (Rodriguez and Pena-Boquete, 2017), in
industrialized countries (Awaworyi Churchill et al., 2018; Bhat-
tacharya et al., 2020), in emerging economies (Awaworyi Churchill
et al., 2020; Bhattacharya et al., 2018; Parker and Liddle, 2017).
But these papers do not analyze CO, emissions in Emerging
Economies for the period of 2003-2022. They believe that grow-
ing energy demand in E7 economies comes mostly from heavy
industry and infrastructure sectors. They also attempt to show
that individual consumption matters what is also proved by
International Energy Agency.

The research purposes were identified within the development
study. Development study stands for the ‘development processes
and structures in particular parts of the world. There are no limits
of social disciplines that fall with the development research.
Therefore, politics as a social science suit to the development
research. Energy development consists of actors, structures and
dynamics. Development studies is closely related to the historical
knowledge. The core focus of the research is on E7 economies
energy cooperation and on CO, emissions problem.

The high volatility of CO, emissions has created a negative
market factor that affects consumer sentiment towards the con-
sumption of oil and petroleum products. This is due to the in-
creased awareness and concern about the impact of fossil fuels
on the environment, particularly with regards to climate change.
Consumers are now more likely to seek out alternatives to tra-
ditional oil and gas products, such as renewable energy sources
and electric vehicles. As a result, companies in the oil and gas
industry are facing increasing pressure to adapt to these changing
consumer preferences and invest in cleaner, more sustainable
technologies.

The main novelty of this study is to identify the most effi-
cient and effective strategies to minimize carbon emission with
an original methodology. On the other hand, it is also possible
to mention some superiorities of the proposed fuzzy decision-
making model by comparing with the previous ones. Firstly, in
this framework, a hybrid decision-making model is created by
using different techniques in both stages. In other words, criteria
weights are not assumed as equal. This situation has a positive
impact on the objectivity of the results. Another important supe-
riority of the proposed model is considering Spherical fuzzy sets.
Because they include both membership, non-membership and
hesitancy, it can be possible to perform more effective analysis.
This issue helps to reach more reliable results. DEMATEL method-
ology provides opportunity both to weight criteria and make
causality analysis among the items. This situation is accepted as a
significant advantage of this approach in comparison with other
similar decision-making approaches.

This paper fills the gap in research of carbon emission in
E7 economies pointed in the research (Parker and Bhatti, 2020;
Tsagkanos and Siriopoulos, 2015; Naeem et al., 2021; Tsagkanos
et al,, 2022) and investigate the connectedness with carbon emis-
sions examining asymmetric adjustment behavior. Moreover, the
main evaluation is made by using fuzzy decision-making method-
ology. Within this context, a new model is suggested that has
three different stages. Firstly, quantum mass function with golden
ratios makes two quantum spherical fuzzy sets. Secondly, five
different criteria are selected with the help of a detailed literature
review. Quantum Spherical fuzzy DEMATEL with golden cut is
used for measuring the relative importance of the criteria for the
carbon emissions. In the third stage, E7 countries are ranked for
carbon emission evaluation with the help of Quantum Spherical
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fuzzy TOPSIS. With the help of the analysis results, it can be
possible to generate appropriate strategies for E7 economies to
minimize carbon emission problem.

The paper has five sections. Literature review is the second
part. The data and methods are explained in the third part. The
results are in the fourth part. The discussions are shared in the
fifth part. The sixth part is conclusions.

2. Literature review

These consequences such as high level of air pollution and
energy dependency have made the E7 economies government
reconsider the current energy policy and build a new energy
system. E7 economies recent economic growth has been based on
fundamental economic forces such as capital flow to the country
in the form of foreign investments and a growing production of
outputs that is reflected in export. To develop energy efficiency,
E7 economies should prepare the fundamental basic of laws and
regulations (Chiemchaisri et al. 2012; Gardner et al. 1993; Gliske
et al,, 2020; Jin et al., 2020).

Another study was introduced by the experts who found that
carbon emissions in E7 economies analysis cannot be based only
on correlation analysis but also on regression. At the end of the
study, they highlighted the importance of advanced technolo-
gies. Furthermore, technological developments should be accom-
panied by the energy saving policies. Over the past years, E7
economies have fully demonstrated several important relations
between GDP indicator and growing energy consumption, be-
tween growing energy consumption and growing carbon. Apart
from these paired associations, one more an artificial pair was
created by E7 economies. By setting high energy prices in the
country, in the short run energy consumption will be increased,
while in the long run decreased (Santiago et al., 2021).

Energy efficiency means the most rational use of energy and
energy savings (Liu and Wang, 2018; Zhai et al., 2017; Ozili, 2018;
Ozimek, 2020; Abualigah et al.,, 2018a; Phoumin and Kimura,
2014; Rana et al., 2020; Abualigah et al., 2018b; Schmidt et al.,
2019; Pham et al., 2020). Although domestic scholars have noted
the importance of renewable energy cooperation in carbon emis-
sions decrease, which is embodied in:

1. Although the phenomenon of disorderly resource renewable
energy waste has aroused attention from various aspects (Raza
et al., 2019);

2. Lack of effective research on the sustainable development
approach of renewable energy;

3. Lack of theoretical analysis on the spillover effect of renew-
able energy in decaying mining areas (Wang et al., 2020).

4. Lack of research on different modes of transfer of dominant
factors in recessive renewable energy areas (Xu et al., 2019; Yuan
and Xi, 2020);

5. Lack of research on the obstacles to the transfer of the
dominant factors to renewable energy (Wang and Jun, 2020; Bai
et al., 2020; Zhang et al., 2020a,b)

Due to the novelty of the topic, this study is exploratory.
This purpose of this research is to investigate energy cooperation
between E7 economies; identify energy trends; generate new
fields for further research. Political and economic sides of the
research require a qualitative approach that helps to make claims
based on respondents’ answers on introduced questions. The
research focuses on the E7 economies energy cooperation as a
significant phenomenon in bilateral cooperation, prepares open-
ended questions, validates the accuracy of the research find-
ings, makes interpretation of participants’ answers, and creates
possible statements.
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Table 1
GDP in current prices (annual changes), %.
Country Mexico Turkey China Russia Brazil Indonesia India
2003 —0.06 0.33 0.13 0.25 0.08 0.20 0.16
2004 0.07 0.28 0.18 0.37 0.19 0.09 0.16
2005 0.12 0.24 0.17 0.29 0.34 0.11 0.17
2006 0.11 0.09 0.20 0.30 0.23 0.28 0.14
2007 0.08 0.24 0.29 0.31 0.27 0.19 0.27
2008 0.06 0.13 0.29 0.28 0.22 0.20 0.10
2009 —0.19 —0.16 0.11 —0.26 —0.01 0.04 —0.02
2010 0.17 0.19 0.19 0.24 0.30 0.29 0.29
2011 0.12 0.08 0.24 0.25 0.18 0.18 0.14
2012 0.02 0.05 0.13 0.07 —0.06 0.03 —0.01
2013 0.06 0.09 0.13 0.05 0.00 0.00 0.03
2014 0.03 —0.02 0.08 —0.09 —0.01 —0.03 0.07
2015 —0.11 —0.08 0.05 —0.34 —0.26 —0.04 0.04
2016 —0.08 0.01 0.02 —0.06 0.00 0.08 0.07
2017 0.08 —0.01 0.10 0.22 0.14 0.09 0.15
2018 0.05 —0.09 0.13 0.05 —0.07 0.03 0.07
2019 0.04 —0.03 0.03 0.02 —0.03 0.07 0.04
2020 —0.14 —0.06 0.03 —0.12 —0.22 —0.05 —0.08
3. The data and the model > lQUu) =1 3)
[u)Cls)

3.1. Data analysis

Paper uses the data for the period from 2003 to 2020 because
this time frame is optimal one for proposed models (Dincer
and Yiiksel, 2018). The environmental database is uploaded from
Oxford Economics (2022). The paper uses collecting and aggrega-
tion of multidimensional statistical data (Big Data), input-output
tables, dynamic series of inflation processes for goods and ser-
vices and wages data for various working specialties. This data
is deposited at Mendeley Data (Mikhaylov, 2022) and shown at
Table 1:

Global CO, emissions from fossil fuels,

Annual change in CO, emissions,

Consumption-based (trade-adjusted) emissions,

Decoupling CO, emissions from economic growth,

GDP in current prices.

3.2. The model - quantum spherical fuzzy sets with golden cut

In developing the model, we use quantum mechanics which
is being used in solving decision-making problems effectively in
various areas of business and economics. This approach of model
building can identify the probabilities with respect to the differ-
ent conditions (Wang et al.,, 2021) which can help to minimize
uncertainty bias in this process. The proposed model is used in 3
stages:

(i) Employment of quantum mass function with golden ratios,
(ii) Appling the DEMATEL approach for deep learning about the
factors influencing phenomena,
(iii) Appling the TOPSIS which is used to rank different alterna-
tives and building optimum decision matrix via quantum
spherical fuzzy.

To begin with the first step, let us consider equations (1) to (3)
below which give information about the quantum mass function
and phase angle. In these equations, |Q(Ju >)| = ¢ refers to
the amplitude result for the probability of event |u >. On the
other hand, in Eq. (2), ¢ explains the set of collective exhaustive
events. Additionally, 6% shows the phase angle of event and |¢; |2
demonstrates the belief degree (Afradi and Ebrahimabadi, 2021).

Q (|lu)) = pe’ (1)
ls) = {Jur), [uz), - ., [un)} )
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Spherical fuzzy sets (/7\5) in (4) can be considered for the
purpose of increasing the effectiveness of the results. Within this
framework, the limitation of this extension is that the square
sum of the membership x, non-membership v and hesitation
parameters is between 0 and 1. Equations (4) and (5) identify the
details of these sets (Kutlu Giindogdu and Kahraman, 2019).

As = {. Gz, @) vz @) g w)lu e U} “

(5)
The probability of quantum theory can be implemented with
Spherical fuzzy sets. Eq. (6) defines this situation where Suz» Svz
S S
and Gn,_ Tepresent the membership, non-membership hesitant
S
degrees (Bharill et al., 2019).

O<pi +v; W+ W=1Y,eU

(6)

Moreover, the Quantum Spherical fuzzy numbers ¢ can be com-
puted as in Egs. (7) and (8). In this context, ¢, ¢,, and g
indicate the amplitudes of the degrees. Furthermore, «, y, and
B demonstrate the set of 6 phase angles.

c= [gﬂleﬂﬂ.a’ §U.6‘12ﬂ'y, S_h'eI'er.ﬂ] (7)
¢* = [ (u)))| ®)

In this study, for the sake of model building, we considered
golden ratio (G) which is taken into consideration to increase the
accuracy of the findings. Equations (9) and (10) define the details
of this ratio. In these equations, a and b refer to the large and
small quantities (Noori et al., 2020).

|§/~\5) = [(U, (S‘MAS (u, gv;‘s W), gh/is W)lu e 2|§AS>}

G= (9)

- T Q

++5

G= =1.618... (10)

The amplitude of non-membership and hesitancy degrees is
given in Eqgs. (11) and (12).
Su
G
sh=1-¢6u—6 (12)

Eq. (13) indicates the phase angle (a) of the quantum spherical
fuzzy sets.

(11)

v

a=|gu (lu) (13)
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The phase angle of non-member degrees y and hesitancy degrees
B is defined in Eqs. (14) and (15).
o

== 14
Y=z (14)
B=1-a—y (15)

X; and X, represent two universes. Also, A, = (Suy e,

e)ZnyA gh eJZnﬁA)and Bg — (S‘u 61271:13 S_ e} Vi §l1 e]ZnﬂB)
show two quantum spherical fuzzy sets. Equatlons (]6) (19)
identify the operations.

(-0-5))
s'uA)LEizn'(%)k’ ((1 _ s.’1/3‘2))‘ —(1-

(¢

j2r. | 1-
e

* A

P
27

5 ZAZ
gHA _ghA)>

j2r
e

(16)

A>0
Quantum spherical fuzzy set is defined by a state vector in
a Hilbert space, and its membership degree is calculated by
the inner product of the state vector and a quantum state that
1

represents a fUZZy set.
az \ A 5
2. 54 A\ 2
gll;‘)te] (27[) ) <1 - (1 - §u;‘2) ) P

A= [
"2”'(1(](2)2>A>; ((1 - §v,:\2)A — -

e

A>0

Quantum spherical fuzzy sets have several applications in var-
ious fields, including decision-making, pattern recognition, and
image processing.

A ®B. = [(g,LAZ + Gy -

sy
PEE), (1= 67) o7+ 1 -
mz) Sty §“A2§héz>7
ejzﬂ.((l_(;g)(g>z+(l_(:—§>2)(g)Z_(g)z(%)z>f

Quantum spherical fuzzy sets can represent complex information
and provide a more accurate representation of uncertainty than
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classical fuzzy sets.

A, ® B, = {S'u;‘s‘,LEeiZ”'(%)(%)v (0.2 + 60,2

Sui 26, ); o (<2L’A')Z+(
A B

(1= s5;%) sn,” + (1= 5,°) sy

3.3. The extension to DEMATEL

Decision Making and Trial Evaluation Laboratory (DEMATEL)
approach is considered to find the most significant factors among
many different ones. With the help of this technique, the causal
relationship between the items can also be identified. This sit-
uation is accepted as a significant strength of this methodology
(Dinger and Yiiksel, 2018). In this study, DEMATEL is imple-
mented to the quantum spherical fuzzy sets. For this purpose,
firstly, linguistic evaluations are obtained for constructing the re-
lation matrix. Secondly, quantum Spherical fuzzy relation matrix
is created as in Eq. (20) (Bhuiyan et al., 2022).

r0 ¢ Sn’]
a1 O San
Ge=| : (20)
LSn1  Sn2 0

Eq. (21) demonstrates the calculation of the aggregated values ¢
of the decision makers.

[1 B H (1- %ﬂ % {“(U

(21)

The aggregated values ¢ of the decision makers represent their
preferences for each alternative. The aggregated value is cal-
culated by aggregating the individual values assigned by each
decision maker to each criterion. There are different methods
to calculate the aggregated values, including the weighted sum
model, the weighted product model, and the technique for order
preference by similarity to ideal solution (TOPSIS).
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Thirdly,
with Eq. (22)

defuzzified values calculated

)+l

The fourth step is related to the normalization process as detailed
in Eqs. (23) and (24) (Yuan et al., 2020).

S

the Def ¢

Nor@®

pr3
(22)

are

Sui
Sui + Sy

o

i Y
2

)+

Def gi = ¢+ sn; (

where, 0 < b; <1 (24)
Total relation matrix is constructed with Eq. (25).
lim (B+B?+---+B) = B(I — B)™! (25)

k—o00

Eqs. (26) and (27) define the computations of total cause and

effects. The cause factors D = [dy] , are listed with the sums

of rows as the effect factors E = [eij]m1 are demonstrated in the
sums of columns.

n
D=|> e (26)
=1 nx1
n
E= [Z eu} (27)
i=1 1xn

The totals of these values are used to calculate the weights.
Additionally, the difference of these values is considered to iden-
tify causal relationship. Eq. (28) identifies the threshold value that
is used for the generation of the impact relation map.

o Dic %:1 [eij] (28)

3.4. The extension of TOPSIS

TOPSIS is used to rank different alternatives. The main dif-
ference of this technique in comparison with other ones is that
both positive and negative values are considered. Linguistic eval-
uations are obtained for constructing the decision matrix in the
first stage. Secondly, Quantum spherical fuzzy decision matrix is
identified by using the linguistic evaluations as in Eq. (29) (Delen
et al., 2020).

r 0 X12 le_
Xz] 0 X2m

Xe=|: (29)
-an an 0

Thirdly, the defuzzification process is applied with the help of
the score function. Fourthly, normalized values are computed as
in Eq. (30) (Kou et al., 2021)

X

1V Zi:] Xij
Eq. (31) shows the weighted values.
Vjj = wjj X Ijj. (31)
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In the following step, thhe positive (A*T) and negative (A™)
ideal solutions are computed as in Egs. (32) and (33)

A" = {vyj, vy, ..., v} = {maxvy; for Vjn}, (32)

A™ = {vij, vy, ..., U} = {minvy; for Vj € n}. (33)

Seventhly, the distances to the best (Di*) and worst alterna-
tives (D; ) are computed as in Egs. (34) and (35).

n

Df = |- (v —A).

i=1

(34)

n

D= | (vi—

j=1

)

Eq. (36) is used to calculate the relative closeness to the ideal
solutions (RG).
RG = D (36)
" Df 4D

A”

j (35)

4. Analysis results

In this stage of the analysis, an extended method is applied
for weighting and constructing the influence directions of the
selected 5 indicators entitled Global CO, emissions from fossil
fuels (criterion 1), Annual change in CO, emissions (criterion 2),
Consumption-based (trade-adjusted) emissions (criterion 3), De-
coupling CO, emissions from economic growth (criterion 4), GDP
in current prices (criterion 5). Quantum Spherical fuzzy DEMATEL
with golden cut is used for measuring the relative importance of
the criteria for the carbon emissions. Accordingly, the linguistic
evaluations of decision makers are collected for the criteria from
three decision makers. These people are experts with at least
fifteen-year experience in the field of energy industry. Table 2
gives information about the scales.

The evaluation results are given in Table 3.

In the following step, the average values of quantum spherical
fuzzy numbers are calculated. Table 4 gives information about the
results.

To calculate the average value of quantum spherical fuzzy
numbers for a criterion, we first calculate the centroid of each
quantum spherical fuzzy number assigned by the decision makers
for that criterion. Then, we calculate the weighted average of the
centroids using the assigned weights for the decision makers. At
the following step, the score function values of the criteria are
computed as in Table 5.

After that, the normalized relation matrix is generated as
Table 6.

Later, the total relation matrix and the directions are defined
in Table 7.

Table 7 indicates that annual change in CO, emissions (crite-
rion 2) and GDP in current prices (criterion 5) have an impact on
the other criteria. In addition to this issue, consumption-based
(trade-adjusted) emissions (criterion 3) has an influence on only
decoupling CO, emissions from economic growth (criterion 4). At
the final step, the influence degrees and the weights of the criteria
are given in Table 8.

Table 8 demonstrates that global CO, emissions from fossil
fuels (criterion 1) is the most significant factor with respect to
carbon emission problem of E7 economies. Similarly, decoupling
CO, emissions from economic growth (criterion 4) has also a high
weight in this framework. In the following stage, the performance
of emerging economies is ranked with the respect to the criteria
of carbon emissions. For this purpose, the linguistic evaluations of
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Table 2

Linguistic scales and golden cut-based quantum spherical fuzzy numbers.

Energy Reports 9 (2023) 5741-5751

Linguistic scales for criteria Linguistic scales for alternatives

Possibility degrees

No influence (n) Weakest (w)

somewhat influence (s) Poor (p)
medium influence (m) Fair (f)

high influence (h) Good (g)
very high influence (vh) Best (b)

0.40

045 /020627045 /g 13627028 \/ﬁdlr().ﬂ}

0.55 \/ﬁeﬂn.O,SS’ \/(mei2n40.34’ \/ﬁeﬂﬂ.ﬂ.]l}

\/ﬁeﬂn.o.fi. meﬁﬂ.ﬂ.iﬁ , \/mejln.OAOS]

050 [meﬂmo,soy\/ﬁeﬂn.om’\/meﬂn,mg}
0.60 [

Table 3

Linguistic evaluations of Decision Makers for the criteria.

Decision maker 1

C1 Cc2 c3 C4 C5
C1 H S S VH
c2 VH S VH S
c3 H S S S
C4 VH S VH H
C5 S H S VH
Decision maker 2
Cc1 Cc2 c3 C4 Cc5
C1 H S VH VH
c2 VH S VH S
c3 H S S S
C4 VH S VH VH
Cc5 S H H VH
Decision maker 3
Cc1 Cc2 c3 C4 Cc5
C1 S S H VH
2 S H VH S
c3 H S S S
C4 VH S VH H
C5 S H S S
Table 4
Average values of quantum spherical fuzzy numbers for the criteria.
C1 C2 c3 C4 5
v/0.27¢7%7051 [/0.20¢77045 7 [/0.30¢77055 7 [/0.36¢77 050
ci V01603, V01367703, V0166770, V02267703,
/0.60e2022 V067677021 Vo5 o oz 003
r/0.32027 056 = /70.2482"'0'48.: :\/ﬁeiz”'o'so,: :\/ﬁeﬂ"-m,:
Q 1/0.18¢27-0-34 V/0.14¢27-0.30 V/0.22¢27:037 V0.13/27028,
i mejzn.o.w_ L mejzn.o.zz_ L mejzn.o.os_ L J0.67¢27027 ]
[+/0.30e/27-05° 7 /0.20e27045 F/0.20027 045 /0.20627 0%
c3 +/0.19¢%7:034, /0.13%7:028, J0.13e7028 JO 13677028
| V05127011 | L J0.67627:0.27 ] i J0.67¢2m027 ] i J0.67¢2m027 ]
+/0.36€/270-60 7 [+/0.20¢/%704 7 [+/0.36¢/27060 7 [/0.32¢77 056 ]
c4 /0.2277-037 /0.13¢/27 028, /0.226127037 V/0.18677:034
7/0.2067%7 045 /0,306 055 ] [/0.24¢77 0% 7 V/0.32677 056
c5 70.13¢/27:0-28 70.19¢/77:0-34 70.14¢/77:0-30 0.18¢27:0.34
| /70.67(3"2”'0'27_ L /;O.Sle"z"'-o-“_ _mejzn.o,zz_ V0526727015

decision makers are collected for the country alternatives. Table 9
shows the alternatives of emerging economies.

Table 10 gives information about the linguistic evaluations by
the decision makers.

In the next step, the average values are computed for the
alternatives. The results are given in Table 11.
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The alternatives calculation of the weighted average of the
centroids using the assigned weights for the decision makers.
Next, the score function of the alternatives is calculated by us-
ing Eq. (22) as in Table 12.

The decision matrix is also normalized, and the results are
given in Table 13 and Fig. 1.
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Fig. 1. Score function for global CO, emissions from fossil fuels (criterion 1), annual change in CO, emissions (criterion 2), consumption-based (trade-adjusted)
emissions (criterion 3), decoupling CO, emissions from economic growth (criterion 4), GDP in current prices (criterion 5).
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Fig. 2. Normalized decision function between global CO, emissions from fossil fuels (criterion 1), annual change in CO, emissions (criterion 2), consumption-based
(trade-adjusted) emissions (criterion 3), decoupling CO, emissions from economic growth (criterion 4), GDP in current prices (criterion 5).

Table 5 Table 6
Score function of the criteria for quantum spherical fuzzy sets. Normalized relation matrix.
C1 C2 C3 Cc4 5 C1 2 C3 c4 C5

C1 0.000 1.263 1.236 1.285 1.236 C1 0.000 0.251 0.245 0.255 0.245
2 1.300 0.000 1.263 1.236 1.236 C2 0.258 0.000 0.251 0.245 0.245
3 1.236 1.236 0.000 1.236 1.236 c3 0.245 0.245 0.000 0.245 0.245
Cc4 1.236 1.236 1.236 0.000 1.245 C4 0.245 0.245 0.245 0.000 0.247
c5 1.236 1.236 1.263 1.300 0.000 5 0.245 0.245 0.251 0.258 0.000
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Fig. 3. Weighted decision function between global CO, emissions from fossil fuels (criterion 1), annual change in CO, emissions (criterion 2), consumption-based
(trade-adjusted) emissions (criterion 3), decoupling CO, emissions from economic growth (criterion 4), GDP in current prices (criterion 5).

Table 7
Total relation Matrix and the impact directions.
C1 C2 C3 Cc4 c5 Impact directions

C1 26351 26394 26,502 26760 26317 C1—(C2,C3,C4)
C2 26624 26261 26.573 26821 26.384 (C2—(C1,C3,C4,C5)
C3 26232 26.076 25989 26434 26.003 C3—(C4)
C4 26.271 26.115 26.225 26.277 26.043 C4—( NJA)
C5 26613 26455 26,570 26.827 26.184 (C5—(C1,C2,C3,C4)

The weighted decision matrix is indicated in Table 14 (see
Fig. 2).

Finally, the ranking results are shown in Table 15 (see Fig. 3).

Table 15 demonstrates that China is the most successful E7
country to manage carbon emission problem. India is also another
important country in this framework.

5. Discussions

It is not hard to explain why energy efficiency and conser-
vation are the most popular topics to emerge in the context of
growing energy consumption and why it is vital for today’s E7
economies and its future. The following literature review reflects
the current concerns over the asymmetric correlation between
energy reduction and stable economic growth in E7 economies.

The discussion on efficiency should start first with its impor-
tance that is highlighted in the official documents. According to
the Russian State program on Energy efficiency and Energy sector
development, energy efficiency is an effective way for industries
and the entire economy to function in the most efficient way.

Another evaluation is also made by using fuzzy decision-
making methodology. Based on previous research (Narayanamoor-
thy et al., 2019), a new model is suggested that has two different
stages. Firstly, five different criteria are selected with the help
of a detailed literature review that are global CO, emissions from
fossil fuels (criterion 1), annual change in CO, emissions (criterion

2), consumption-based (trade-adjusted) emissions (criterion 3),
decoupling CO, emissions from economic growth (criterion 4),
GDP in current prices (criterion 5). Quantum Spherical fuzzy
DEMATEL with golden cut is used for measuring the relative im-
portance of the criteria for the carbon emissions. It is concluded
that global CO, emissions from fossil fuels (criterion 1) is the
most significant factor regarding the carbon emission problem
of E7 economies. Additionally, decoupling CO, emissions from
economic growth (criterion 4) is also another important item
in this framework. Secondly, E7 countries are ranked for carbon
emission evaluation with the help of Quantum Spherical fuzzy
TOPSIS. It is concluded that China is the most successful E7
country to manage carbon emission problem. India is also another
important country in this framework.

The production/consumption of oil in E7 countries shows that
oil production in Russia is almost equal to oil consumption in
China. Whereas the Chinese domestic oil production is slightly
higher than Russian oil consumption. Second, China is the second
largest oil consumer in the world after the USA. The following
first table indicates that even though Chinese crude oil import has
been increased from 2015 to 2018, domestic crude oil production
showed an upward significantly the role of vertically integrated
projects is introduced. As stated by the participants vertically in-
tegrated company controls the entire supply chain. However, ver-
tically integrated project is a vertically controlled, i.e., controlled
by high-level officials (Lohrmann and Luukka, 2018).

China is promoting renewable energy and is at an early stage
of transitioning from fossil energy to renewable energy. E7
economies launched the idea of an energy revolution with the
aim of developing a clean, low-carbon, safe and efficient energy
system by 2050 (Abualigah and Khader, 2017; Tsang et al., 2018).
It has become obvious that the E7 economies energy companies
are an example of the coalescence of state and business. The find-
ings indicate that in the context of the management of strategic
resources such types of energy businesses are inevitable (Khalid
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Table 8
Influence Degrees and Weights of the Criteria.
D E D+E D—E Weighting results Weighting priorities
C1 132.325 132.091 264.416 0.234 0.2005 1
(@) 132.663 131.300 263.963 1.363 0.2002 3
c3 130.734 131.860 262.594 —-1.126 0.1991 5
c4 130.930 133.119 264.049 —2.189 0.2002 2
c5 132.649 130.931 263.579 1.718 0.1999 4
Table 9 ) ) to reduce the carbon emission problem. For this reason, nuclear
Selected ~country alternatives of ~emerging energy can also be considered as an alternative to fossil fuels. In
economies for the carbon emissions. . . L. .
Alternati order to increase nuclear energy investments, it is important to
ernatives know the technology for this type of energy. This will contribute
z‘;ﬁgy(/(é;) to the increase of nuclear energy investments. Thus, the carbon
Mexico (A3) emission problem will be minimized.
Brazil (A4) Renewable energy sources, such as solar, wind, hydro, and
India (A5) geothermal power, offer a viable alternative to fossil fuels. These
RUdSSla (A6) sources of energy are abundant, widely available, and environ-
Indonesia (A7) mentally friendly. Many of these countries have significant poten-
tial for renewable energy generation, such as India’s solar power
Table 10 potential, China’s wind power potential, and Brazil's hydropower
Linguistic evaluations of Decision Makers for the alternatives. potential. To transition to renewable energy, these countries need
Decision maker 1 to invest in infrastructure, technology, and research and devel-
c1 C2 c3 c4 c5 opment. Policies that promote renewable energy, such as feed-in
Al P F B B F tariffs, tax incentives, and renewable energy targets, can also help
A2 B F B B B accelerate the transition. Additionally, international cooperation
23 ; IF’ g g E and collaboration can play a crucial role in sharing knowledge,
A5 B p P P B resources, and technology to facilitate the adoption of renewable
A6 P B P B F energy. ) o o )
A7 P P B F P This paper gives the direction of the future studies like emis-
Decision maker 2 sion trading and carbon market performance effects in developed
a1 1) ) ca I countries. The main limitation of the proposed approach is t.hat
X o p 5 3 - the proposed model has term period from 2003 to 2020. The time
A2 P B B B B frame less 10 years is not optimal one for proposed models.
A3 F P P F P
A4 P F B G F
A5 B G F F G CRediT authorship contribution statement
A6 P B G G F
A7 P P B F ¢ . o )
Decision maker 3 Hasan Dmg.er: . Conceptualization, D.at.a CLll'atl.OI:l, Formal
analysis, Investigation, Methodology, Writing - original draft.
1 V) c3 C4 c5 . . .
Serhat Yiiksel: Conceptualization, Data curation, Formal
2; g (F; g g g analysis, Investigation, Methodology, Writing - original draft.
A3 F F P P P Alexey Mikhaylov: Project administration, Writing - original
A4 P G B B P draft, Writing - review & editing. S.M. Muyeen: Validation,
A5 F G P F B Visualization. Tsangyao Chang: Supervision. Sergey Barykin:
A6 G B F G F Resources. Olga Kalinina: Software.
A7 P P G F G

et al.,, 2020). However, during the analysis of estimated amounts
of investments for the gas deal implementation, following as-
sumption can be drawn (Lahimiri and Bekiros, 2019; Tang et al.,
2019; Zhu et al., 2020).

6. Conclusion

E7 countries need to find alternatives to fossil fuels in order
to deal effectively with the asymmetric carbon emission problem.
In this context, it is important to consider clean energy sources.
Thanks to the use of renewable energy alternatives, the carbon
emission problem in energy production will be minimized. How-
ever, the initial cost of these energy projects is very high. In
order to eliminate this disadvantage, the state should provide
some incentives to these investors. In this context, low-interest
loans will contribute to renewable energy investors in gaining a
cost advantage. In addition, the use of nuclear energy also helps

Declaration of competing interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Availability of data and materials

In this study, data available at Mendeley Data: Mikhaylov, A.
(2022). Carbon emissions, Mendeley Data, V1 doi:.

Acknowledgments

This study is funded by the Russian Science Foundation grant
No. 23-41-10001, https://rscf.ru/project/23-41-10001/. Open Ac-
cess funding provided by the Qatar National Library.

5749


https://rscf.ru/project/23-41-10001/

H. Dinger, S. Yiiksel, A. Mikhaylov et al.

Energy Reports 9 (2023) 5741-5751

Table 11
Average values of quantum spherical fuzzy numbers for the alternatives.
C1 2 c3 c4 c5
—\/mejZH.OAS b —meﬂn.o.w — —meﬁn.ﬂ.ﬁo b —\/ﬁeﬂﬂ.oﬁﬂ 1 —meﬂn.o.so —
Al V013627028 V0.14¢/27030 022627037 V0.226/27037 V0.15¢127031
mejln.ﬁ.27 mejZmO.ZZ @EjZW.O.OS me]ln‘.o.(B me]’Zn.O,lg
:@ejZn.o.57 = :\/ﬁeﬂn.o.ﬂ = :mejZn.U.GO = :mejZn.o.eo = :mejz;r.o.so =
A2 0.20627:035 V0.20677:035 V0.22627037 V022627037 V0226127037
/0.48¢/27-0.09 /0.48¢/27-0.09 /04227003 J0.42¢/27-0.03 /0.42¢27-0.03
:MejZN.O,SU = :mem.o.w = :«/ﬁe’?”'n"‘s = :meﬁn.om = :\/ﬁeﬂ”'o"‘s =
A3 \/ﬁeﬁn.o.ﬂ, \/ﬁe/'Zﬂ.O,ZQ’ mejZn.U.ZS’ \/ﬁeﬂﬂ.olg’ meI'Zﬂ.O.ZS’
/0.60e/27-0.19 /0.65¢/27-0.25 J0.67¢27-0.27 /0.65¢/27-0.25 J/0.67¢/27-0.27
:mejZmOAS = :Me/‘Zn.O,SZ : :ME)QE.U.GO = :mejZmO.SS = :\/@eﬂn.o.lﬂ :
A4 V013627028 V016627032 022627037 V021627036 V013627029,
V06727027 V05727018 0. 4227003 J0.45¢27-0.07 V0.65¢/27-0.25
:ﬂej2ﬂ.0.57 = :mdln.O.SS = :mejzﬂ.o.zw = :@ejzﬂ.o.m = :mem.o.ss =
A5 0.206727035 V0.19¢/27034 J0.13627029 V014627030 V0.21¢/27036
meﬁn.().ll \/ﬁeﬂﬂ,o.ll meﬂn.ﬂls mejZn.O.ZZ Meﬂrr.o.07
:mejzn.ms = :mejzn.o.so = :meﬂn.ﬂ.SO = :\/@eﬂn.aﬂ = :\/(Eeizn.o,so =
A6 \/mejZJr.O.BO, meﬂn.o,ﬂ’ \/ﬁeﬁn.ﬂ.ﬂ’ \/mejZmO.SS’ \/ﬁeﬂﬂ.o,ﬂ’
/0.62¢/27-0.22 J/0.42¢/27-0.03 /0.60e/27-020 /0.48e/27-0.09 /0.60e/27-0-19
:meﬂn.o,% = :mejzn.o.M = :@ejZN,U.SS = :Meij.O,SU = :\/0'76,‘271.0.52 =
A7 V01327028 V013627028 0216?7036 V015627031 V016627032
J0.67¢27-0.27 J/0.67¢27-0.27 /0.45e/27-0.07 /0.60e/27-0-19 J0.57¢i2m0.18
Table 12 Table 15
Score function of the alternatives for quantum spherical fuzzy sets. Ranking results.
Criteria/alternatives C1 2 Cc3 c4 (6] Alternatives D+ D+ RCi Ranking
Al 1.236 1.243 1.236 1.236 1.236 Al 0.005 0.000 0.080 7
A2 1.300 1.259 1.236 1.236 1.236 A2 0.002 0.004 0.660 1
A3 1.236 1.243 1.236 1.243 1.236 A3 0.005 0.001 0.113 6
A4 1.236 1.243 1.236 1.247 1.243 A4 0.004 0.001 0.169 5
A5 1.269 1.236 1.243 1.243 1.247 A5 0.003 0.002 0.451 2
A6 1.263 1.236 1.256 1.245 1.236 A6 0.003 0.002 0.401 3
A7 1.236 1.236 1.247 1.236 1.263 A7 0.004 0.002 0.293 4
Table 13
Normalized decision matrix. References
Criteria/alternatives C1 Cc2 c3 Cc4 C5
Al 0.373 0.378 0.376 0.377 0.376 Abualigah, LM., Khader, A.T.,, 2017. Unsupervised text feature selection tech-
A2 0.392 0.383 0.376 0.377 0.376 nique based on hybrid particle swarm optimization algorithm with genetic
A3 0.373 0.378 0.376 0.379 0.376 operators for the text clustering. J. Supercomput. 73 (11), 4773-4795.
A4 0.373 0.378 0.376 0.380 0.378 Abualigah, L.M. Khader, AT. Hanandeh, ES., 2018a. A new feature selec-
A5 0.383 0.376 0.378 0.379 0.379 tion method to improve the document clustering using particle swarm
A6 0.381 0.376 0.382 0.379 0.376 optimization algorithm. J. Comput. Sci. 25, 456-466.
A7 0.373 0.376 0.380 0.377 0.384 Abualigah, L.M., Khader, A.T., Hanandeh, E.S., 2018b. Hybrid clustering analysis
using improved krill herd algorithm. Appl. Intell. 48 (11), 4047-4071.
Table 14 Afradi, A., Ebrahimabadi, A., 2021. Prediction of TBM penetration rate using
V\? _eh d decisi . the imperialist competitive algorithm (ICA) and quantum fuzzy logic. Innov.
e1.g Fe ec1510.r1 matrix. Infrastruct. Solut. 6 (2), 1-17.
Criteria/alternatives C1 2 C3 C4 &) Awaworyi Churchill, S., Inekwe, J., Ivanovski, K., 2018. Conditional convergence
Al 0.075 0.076 0.075 0.075 0.075 in per capita carbon emissions since 1900. Appl. Energy 228, 916-927.
A2 0.079 0.077 0.075 0.075 0.075 http://dx.doi.org/10.1016/j.apenergy.2018.06.132.
A3 0.075 0.076 0.075 0.076 0.075 Awaworyi Churchill, S., Inekwe, J., Ivanovski, K., 2020. Stochastic convergence in
A4 0.075 0.076 0.075 0.076 0.076 per capita CO2 emissions: Evidence from emerging economies, 1921-2014.
A5 0.077 0.075 0.075 0.076 0.076 Energy Econ. 86, 104659. http://dx.doi.org/10.1016/j.enec0.2019.104659.
A6 0.076 0.075 0.076 0.076 0.075 Bai, T., Pang, Y., Wang, J., Han, K, Luo, J., Wang, H., Lin, J., Wu, ]., Zhang, H.,
A7 0.075 0.075 0.076 0.075 0.077 2020. An optimized faster RCNN method based on DRNet and Rol align for
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