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Abstract

The utilization of natural resources, particularly energy, is essential for
economic well-being. However, the increasing consumption of
economic resources raises concerns about sustainable development.
This study aimed to investigate the dynamic decoupling of economic
growth, energy consumption, and pollution in Iran from 2000 to 2020,
employing the method proposed by Tapio (2005) and factor analysis on
three levels of energy consumption (i.e., primary, final, and useful). The
findings revealed that economic growth is often associated with
negative decoupling, with this negative decoupling being more
pronounced in useful and final energies compared to primary energy.
Decomposing energy consumption further confirmed negative
decoupling in various energy components. Additionally, the study
confirmed weak decoupling between energy consumption and pollution
(CO2 emissions), with stronger negative decoupling observed at lower
energy levels. Furthermore, the decoupling of economic growth and
pollution closely mirrors the decoupling of economic growth and
energy consumption. The negative decoupling can be attributed to the
inefficiency in energy consumption, limited access to new technologies,
and the lack of appropriate structures due to the absence of a specific
strategy for sustainable development. The research recommends the
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prioritization of energy efficiency across different energy levels as well
as the investment in infrastructure and energy technology.

1. Introduction

Economic growth is intricately linked to the consumption of natural
resources, with these scarce and costly resources serving as the primary
catalyst for the development and acceleration of economic growth
process in modern societies (Song et al., 2019; Song et al., 2020; Zhang
et al., 2018). Meanwhile, the production and consumption of energy
resources are associated with significant social costs and diminished
welfare (Feng et al., 2020a; Feng et al., 2020b; Li et al., 2018; Rjoub et
al., 2021; Wang et al., 2020). The world grapples with the challenge of
balancing economic development and energy consumption (Bradshaw,
2010). Despite the looming threat of global warming, many countries,
particularly  developing nations, have prioritized economic
development over environmental conservation (Shah et al., 2016).
Consequently, decoupling energy consumption from economic growth
is widely recognized as a significant achievement in the global effort to
combat climate change and mitigate adverse environmental effects. The
experience of developed countries instill hope for overcoming resource
scarcity and growth limitations, as well as fostering green and
sustainable economic growth. While relative decoupling has been
achieved in numerous countries, absolute decoupling remains
challenging and seemingly unattainable (Hickel & Kallis, 2020). In this
respect, the present study aimed to scrutinize the decoupling dynamics
of economic growth, energy consumption, and pollution in Iran from
2000 to 2020, employing the method proposed by Tapio (2005) as well
as factor analysis across three energy levels.

2. Materials and Methods
The study followed the method proposed by Tapio (2005) in order to
calculate the decoupling between energy consumption and economic
growth. First, the decoupling elasticity coefficient was calculated as
outlined below:
Et—l
/G,
e(E) is the elasticity coefficient of decoupling between economic
growth and energy consumption. AE represents changes in energy
consumption during the time period under study. E (t-1) indicates
energy consumption in the base year. AG refers to changes in GDP per

e(E) = 1)
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capita during the time period, and G (t-1) indicates the GDP per capita
in the base year (Wang & Zhang, 2021). In the method proposed by
Tapio (2005), eight decoupling states can be distinguished (Figure 1).

Figure 1. Decoupling states

The present study conducted a more comprehensive analysis of
decoupling by using factor analysis at various energy levels. In this line,
the consumption across three energy levels (primary, final, useful) was
divided into three distinct effects: activity (production rate), structural
(change of economic structure), and intensity (technology effect). The
logarithmic mean division method and each of these effects were used
as follows:

ELO Qt

AQ = Z In E ln ElO n (Q(,) )

AS = Z In (ﬁ) 3
In Elt ln ElO Sio

Al = Z In (Ii) 4)
In E ln E;o lio

AE = AQ + AS + Al ®)

The study also divided economic activities into several categories:
agriculture, services, industry, residential, and transportation. This
categorization aligns with the most feasible separation based on the
available data and statistical classifications within domestic data
sources. In Iran«s energy balance, although household, public, and
commercial sectors are categorized under one group, these sectors were
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individually reported, and the residential sector was distinguished from
the commercial and public sector (as the service sector).

3. Results and Discussion

Figure 2 presents the decoupling dynamics of Iran«seconomic growth,
energy consumption, and carbon dioxide emissions during 2000—2020.
The fiqure is divided into two parts focused on various eneray levels
for different components: the first part depicts the decoupling of
economic growth and eneray consumption, while the second part shows
the decoupling of energy consumption from carbon dioxide emissions.
As show in Figure 2, the decoupling of economic arowth and carbon
dioxide follows a pattern similar to and influenced by the decoupling
process between economic growth and fossil eneray consumption. The
decoupling of economic growth and fossil energy consumption aligns
with chanaes in decoupling at different eneray levels (primary, final,
and useful), reflecting the significant share of fossil energy in Iran«s
overall energy consumption. Figure 2 also highlights the weak
decoupling between fossil energy consumption and carbon dioxide,
which can be attributed to the nature of fossil fuel pollution.
Consequently, the decoupling of economic growth from carbon dioxide
is influenced by fossil eneray consumption.

The first part of Figure 2 reveals various forms of negative
decoupling (expansive negative, weak negative, and strong negative)
concerning economic  growth and energy  consumption.
Correspondinaly, the second part indicates a aenerally weak decoupling
for different energy levels and carbon dioxide emissions. Within the
energy consumption components, the intensity component exhibits
strong decoupling, though it fluctuates, sometimes displaying positive
decoupling (weak, recessive, and stronag) and occasionally negative
decoupling (expansive and strong negative)Y which can be caused by
the drop in technology. This finding aliogns with the second part of
Figure 2, where the decoupling of the intensity component and carbon
dioxide experiences fluctuations. Notably, the structural component in
the first part of Figure 2 exhibits the strongest neaative decoupling from
economic growth, signifying a change in Iran«seconomic structure that
has exacerbated the decoupling between energy consumption and
economic growth. However, the decoupling of the structural component
and carbon dioxide, as depicted in the second part of Figure 2, remains
within the range of weak but fluctuating decouplinag.

Finally, the first part of Figure 2 indicates that economic growth is
often associated with neaative decouplina (expansive and strong
negative) from total energy consumption. Despite weak decoupling in
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initial periods and subsequent fluctuations, the last two years show
strona decoupling between total eneray consumption and carbon
dioxide. Overall, Figure 2 illustrates a fluctuating trend in the
decoupling of economic growth and energy consumption over time,
predominantly featuring negative decoupling, which corresponds to the
decoupling trend between eneray consumption and carbon dioxide.
Among the components of energy consumption, the intensity
component exhibits strona neagative decoupling, while the structural
component displays weak decoupling, both characterized by fluctuating
patterns. This fluctuation may stem from the absence of a specific plan
and strategy to decouple economic growth, energy consumption, and
carbon dioxide.

Figure 2. Decoupling of economic growth, energy consumption, and carbon dioxide
emission in Iran during 2000—2020
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4. Conclusion

Using the method proposed by Tapio (2005) and factor analysis across
three energy levels, the present study investigated the dynamics of
decoupling economic growth, energy consumption, and pollution in
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Iran during 2000—2020. The findings underscored challenges faced by
the policy aimed at reducing energy consumption, which is primarily
due to the dependency of Iran«s economy on energy. Specifically, the
research showed the dependency of Iran«s economy on energy on
energy consumption across all three levels: primary energy, final
energy, and useful energy. Moreover, the results highlighted a low
degree of energy efficiency, particularly at higher energy levels
(secondary and useful). Considering the relation between
environmental pressure and restrictions on economic growth, there is a
pressing need to address energy intensity and energy efficiency to strike
a balance between economic growth and energy consumption. The
observed negative decoupling in structural, intensity, and activity
effects suggests a lack of a specific strategy in Iran«s economy
concerning the decoupling and balance between energy consumption
and economic development. In light of these findings, it is imperative
to focus on enhancing energy consumption efficiency across diverse
energy levels. Additionally, the study recommends prioritizing more
effective decoupling in sustainable development policies concerning
energy consumption, economic growth, and pollution.

Keywords: Decoupling, Factor Analysis, Energy Levels, Tapio, Iran.

JEL Classification: C43, 04, Q4.



;}j.;d.lu.ﬁ

.)U

VEXN N o K5k b VEYIAYD sl s

. “_)U

Y

ISSN:\VYS—: VYA AEY/NN/YE

elSSN:Yfvs_stso

777777777 Ol pl gsbasl sla fags —
1A WA F A ¢ QLL...A) AV 5)\.«1 JA 69

ijer.atu.ac.ir
DOI: https://doi.org/10.22054/ijer.2024.76778.1233

38 ST 9 (alaidl wdy (85 5l D yao Silua by
Sl dw Zolaw 50 Jole fudowi 8 SS9y 3 o adlgd 10l g
S35

eL{..i}‘) &L;Jbl 9 L;AL.ALE' r)l.a e-\.{.ﬁ‘dlﬁ ‘ngjjl JLAS.;] ajjf Sl

* .
;9\-.“:\ Lrw
Ol iy D135 )
Ol ks <05t o &tils gl sl A )| sl 87 I‘ S |yl
0 LS

o m b a0yl 3 O man ol ol b el (55506 (530l 0 (51 (5551 094 sreb b (5,5,
O e o3lasl Wby Gl ol oy p ol g ol Oods Sl odd Il are g gls 1SS
(shale o 3 S5 55 9 (V+00) " gl gy Shoslizal LYo v o =Y oY Slajoyas (b Ol 55 o S nST63 55551
@3kl A (i ol G gl bl ol (ke 5 268 ) 551 e Sl o a2 S5 L
Sl ol el ol ol an (65 5 b a2 53) sits Sla g5 lulior b GBS gy 12550 (Slej o) 95 (b O
Sl (53 D e 4 2 LSl ot all S 8 adl 51 4 o 28 551 5 ke G551 03 e
) (ST 5 6550 O e Ciomeds (3lulibr cp3 ol ok b 55 (6551 s (laadl e > ke
;aﬂ,’\@;\&uL;;t.»u?;u.zgc,wte,uU\ﬁ‘uéjj'l_n:suc,b,:,w)ﬁbww;ubes(coz
Ly gl 4 (ool Call j;,ST, @3lal b (Gluldar (o s Ll 03y S5 58 55 ol C)Ja..n 3
55 CBEIIFSS 4 (g s 0k (S5 51 O3 pan 53 G pe s g0 4505 (951 2 e 5 (o3l
e Solallar o se (Bl L g 5 aseie sl 315 G365 e ST e sl o5
T 53 S5 2 535 I S sl e s ol ool 4o 5 el ol (g3l A 5 (S IT 065

el (55 6538 5 Ll 55 I Al b ol e (65 51 ks

C43, 04, Q4 JEL suusib

SrasekNi@UMZ.acC.ir :J s ol 5 3
1. Tapio, P.


http://orcid.org/0000-0002-6280-7243
http://orcid.org/0000-0002-9225-6921

W L8 (sl

dodie .\
WIE 5 oS b ol 5 55 b e O juan L Sl daly gsbasl i,
Lsh oo A Ooe el ool iy Wg) 5o el 5 dre s Sl ol S e
NWPY ‘J§i° < ,b 31.(Zhang, et al., 2018; Song, et al., 2019; Song, et al., 2020)
Sl o3ls 2alST 1 0ld ) 50k of s olazrl o 5 BB (glaaty 12 b (531 e O3 e 5
Li, et al., 2018; Feng, et al., 2020a; Feng, et al., 2020b; Wang, et al., 2020; )
ssba IS sl Lasl 5 Sler e 3l eslizal (Jl- 1L (Rjoub, etal., 2021
Sl Codl Sl bl 5 15n 5 OT Ol e 0T JWs & 5 s ol dl= 53 a5
ano g o Jame b Olgr cads 5ba (Krausmann, et al., 2018) ol as 5
39 b &S sl S e (Bradshaw, 2010) ol ols 55415, 855 L3 mae — (g 5Lasbl
b5 (Sl anmn g I 3 (Slay 528 05 94 L) 3587 51 6ok ¢Sl b S g
Siluld= o, 0p150 (Shah, et al., 2016) Llos ,S7 S5 1) Cans ) laes (o5l
S Olge 4 1 )5aS Sl ol by 03 28 ) sbay (oolal sy 51 (5541 o e
3 (s Lamn O e DI 5 gl 5 ST S Lo ke il 53 685555l
Sl YY) (55 Ml 5T slaesls ool o ol S5 4 p5Y 30 s
by sl il SIS ¥R 4 Y Jl s 6550 Bl 5 BU o S anSTes
o 53 (bl a8 Ll citoys & Ay .ol ooy 5 55 AVl o o 5L
(bl ol s enp Sl W5 A3 0/8 1dy 4 (ST (5.5 Lt Sl Yoy
Ja_w&Q\;\jcuﬁ;\,\ip@m\m)swu,uaﬁ;\iogﬁf,}bw;\
33 8 s Dol Sl e 5 6 3 5 e 5

@bl Wiy ao ST Y1) IS T (655 Sledbl oIl (g bT Syl S ulal
Loy oo e 55 J5 059 o3 V/PF Lo gie )y 5boa VA4 =YV Slejogss b Ol
Slash) ST Wiy oKl 5 dwoys ¥, Al Lo 5ba (5550 mle e
e & solassl s, Ky ol el 0 51 Aoy VY 1 i (S S 6
S5 nl 3 s n o alie 5 B g o ey i dn 5 Jl 53 Sy 5287 L 3 551

1. International Energy Agency (IEA)
2. Energy Information Administration



VEY Oln) | AV oyled | YA Jlo| 0101 oobasdl laiagsy | VE

S35 pan 5 5ludng (6551 Ml o 5T (LT oL (slaosls ulul a8 ol
535 5 o5 Wkl QLT canl b S Hlils (S5 0T O gomen ailiann g (sla) a8 5o
Lags sl gkl caBliana 55 (Slay 5287 4 o ool 0 (gLl A2 5 le S8 o e
5 e 3kl L) Gl G s Ay Gl 5 mle 35S als ol
O3l 5550 U 5587 51 (ol 3 oomd (3Ll i ja il 03,8 a5 15 5l
Ay 5 & B 5 M55 5y Glae (Glaldar 4 gliws Jg Sl w3 S
.(Hickel & Kallis, 2020)

S 35T 5 eslasl Ly 5 651 2 man Obe (Stuls 0,5b 55 (53020 Slalllas 4 5|
sgdoes ST — (65 5 —galasl wiy (g5lulida obys Sldlas slds I s ods plol
Tl 03 ol (ol g 05l)s s oe LIS gy aidey (o) 2 edl (e 53 !
fbse Comnl iz 5 b5 bl r ol 0 planil (ke ¢ o g cadsD) (6551 48
ale Judosi 5 gy g Bl ash el Oda (6550 5 slasl el (gLl
Wl Ol 3Ll (51 (6551 48 A s 3 (S5 JT— (3Ll iy = (63 5l (s 5Lkt
sl sl G551 w4 3 5 Jale Lot Ol 5o 5l B, Sk il
o Olpl slasl () (glulda g odd oslaxul Yoo e =YY Slajo,s gl p s o
5 Vb o 40553 S5 (6l oo e (551 O3 e 2 (6,8 ) Ll o
S S 525 3 (S IT—ddy =655 O e e S b (S5l gl gy (g 2 O
Sl ol adlllas & Gl b5 4 05V 50 0 O guons alllae oyl leze
03,8 ¢SS5 J& 5 Jo 5 (S (Crio (Dl (55558 S s |y soLal
S e 533 g0 (LT Gl 5 oasls ulul  (Sas S8 o 1y o7 o
S 5 g ( (S o peea oDl Ol (351 a3l s el Ll
Sl o 215 55 grsee 5 ol o 5 (S s B ) o s i
| PRES Ojjf‘)ﬁ s 9 Sl slaesls Gi;'b'- Ojjf)J L;;b— oo slaesls o
Llas $ 15

e o cede T Jgl e 534S andie | ol ol ﬁl)lg;ég@);fébdlia
P Ll ok e (65 51 mle 5 (ool ) (lulda o 2 5 6 Dol cpgs
5 alasl iy (g5l s 5 (6,8 0 SI0 (Gosd b 25 4 el 5 e sl



VO | Sl 8 5 (Fely

Cbaw s 5 (&S 4 (i SR 53 Wyl el Oyl sbasl s (65wl
C_,.w‘ O#Tw cL.A LL.S{L@‘ u,fé;:)b) ol 4.:‘)‘ LS‘:'"L-'-"N

il 5 wslasl ud ;) gilulas Slosl Y
ol Sl gy JB il 3F LB s A 5 -5 5 L I A 5 sl 5o
S5 27 o Sonlon 53,13 5L (6 ST (6551 4 3Ll Chlis 5 gl 4 b oo
oz ) Olalllas 5y b g CBlim and b by b o 5iS slasl Uiy
(~r~~r~)‘o\)t§#,Q;U,w\)(vv)“ob&@,ow,‘(vm‘(wj,ou},
b Opan (5 Ol 5 Aol 3y 50 55 5 45 (ripen Coul 0l A
Chlis 5 ol glaas bl ai § 15 (oY)  lsle 5 sidgn 5 (Y01 0) %, 4l5 5
335555k Slas B alal ¢ blie 53 dzs (s3ladl i) 5 mbe (55lulr Sis
5 GiP S A 5 Sl (@olaml ane s ge S e 6551 0 mme Ul
@bl Liy fals 4 Ll oo () Lame Chla> (gl 5 Hlisl 2als sl
S das oo 0L (P10 10K 5 el 5 (YYD AOLe 5 00K Sladllas 1355 e
Slalllae Sl (e pmmen 35 0 (S GAllEL A 5 S S o ge (6551 e
3o s (NI VT K 5l ) V5 - Sl e Ogen 22
S e ol 5y 55 5L s b (YY) oL

o Ol 53 (6551 Copan 5 olasl i) )5S Oals U gowte LT
4 . Llodd (65 51 3 e 31 (g3lal Uiy (g3luliar 4 G350 by ST (& das oo OLES

. Hypotheses of Neutrality and Protection
. Rahman, M. M., & Velayutham, E.

. Rahman, Z. U., et al.

. Umurzakov, U., et al.

. Payne, J. E., & Taylor, J. P.

. Moutinho, V., & Madaleno, M.

. Hypotheses of Feedback and Growth
. Bekun, F. V., etal.

. Emir, F., & Bekun, F. V.

10. Ajmi, A. N., & Inglesi-Lotz, R.

11. Ha, N. M., & Ngoc, B. H.

12. Mohsin, M., et al.

O 01N LN A~ Wik —



VEY Olny | AV oyled | YA Jlo| 011 eoladl sla gy | V8

laslasl &S dias o Ol (Y0 Y) 6Ky 5 &Sl 5 (YY) s 5 &Kls i g Ol i
oS R 5 L o 55 DL Camd (S lillr Condsy 4 gy 4 Sliann g
aasly (e dien OS - Jl= 55 (68 (ileldr S 4 aBlare 5 slay 428
Moon & Sonn, 1996; Lee & Chang, ) gslessl di;y 5 555 O3 e Ol s 8
e 5Ll ol Kitzs (2007; Antonakakis, et al., 2017; Muhammad, 2019
oS Wdkiae OLlsslazsl sl by sl oil S ys lis (eolaml Ll
en e GLaslg slaml 5 banls Jlas! L (b wlis 51 (g3l ui, S
o2 a3 bewlw Jles! (Schandl, et al., 2016; Szigeti, et al., 2017) —ul o
Lg‘j’ M‘J}T}.’ L;LAC,«#[:“«' Cd’L«A\ 4ilﬁjw ‘_QLESJ‘ ch‘jJil &?éfp 9 6)3‘}@'3 L;L:L’)l
CLols i (gl 358 ) o 4 iy (glay 525 48T Sl ol o o (551 35 L abilis
Mahmood & Ahmad,) dsb acils Jsls [&llb ol 5 a1y oo sl a6 7S (65,
.(2018; Ziolo, et al., 2020
'C,'S;M\ Sb) e (S5l .aﬁ@wﬁ&b)wmsjaqdjb\.\q-
(s Sl sl (3Ll by & 5 51 ST OT o e DISTL mlte Sl eslizl i)
iy Ol abaly 555 4 Gllae (glula ¢ Jlae s .Cnl (gl o1 55 slas 4
Wang, et al., 2013; Yu, et al., ) 5,Is o,Lal LT Ol e bLIL ("’,-L"‘ 3 sl
3l 31yt 35 g ey ey a5 4 oy llan (5 3Ll OIS .(2013
o5 b e Ay (6 65 elil o pimnen (Sha0 & Ra0, 2018) Wiles 7 Slziy sl
S5 3sh ealp plie 1 slasl ud) JalS (Sl DGl (sl Sl
Jeted 53 (oo Sl )sld Ol g jow g 5 480 (659l (i )
Sl ¢ Cpumman (Wang & Feng, 2019) Conl o3 g 5 5o (g ($5loli) (g 5luli
B33 58 GLOL 5 o sas i OISl 5 (Zhang & Wen, 2008) 55 Jlb
Wiesenthal, etal.,) oo jide 5 Cdgs filize abal, 5 (Ghisellini, et al., 2016)

1. Wang, Q., & Su, M.
2. Wang, Q., & Wang, S.
3. Green Theory



W L8 5 sl

55 B Syt (6l sl Rl Sl edd i (el ge (2012
Liy 035 guat 53 55 e a4 Sod 035k 1531 5 655 e LK S5
by cpan 55 (GrOth, 2007) dites 5 jo ooy 53 (65 51 2 e S2alS b (g3l
2z S 503 R 5 G5 G355 oS 5 03 e (SIS Sk
9 Olel sl asin ysba (Stern, 2004) Sl S5 o550 5 sl Aiy (g ilulie
GAEE 5 db) F 5 Gs s G5 e g NS e Ll GlagsT s
b lacst g 1 U coman 358 551 slaoslg 6,5 ,50 Aa) 55 =1
5okd G551 63505 S N cxes JYL S L el s 4 ol ZoiS
S 25 o 5 s 5 S 53 ey ST (655 Dl Ll e
ﬁqwnxﬁmg}m S Ddd (glyls Calides (gla Jidw Oz ASL S50
RS a2y 6la) 5587 4 el (bl by 5 (6551 6y 4 Ll e
Wu, etal., ) Sl Sl amw 55 5 (6551 33 092 oo p o8 S h 5 (Sy9T 5 lokine
.(2018
P 52353 Sy b Bl (63l Wi L e 5 ol Slas) 5l Ole daly o
33 2 03 55 gyt oS s 4 Oz 5 o ol er 55 DS 5 Sose e
Ay Gl Caadi 4§ 50 50 () 9 3950 5 S5 D e g i Al 2
235655 ks 2L colg GO Al e 53 a8 Sole 4 delal e 6550
GRIPl Car e 551 0SB e biles 5 b o1 3 2 e 5 Al e
G st G5l Glias a3 5 oS5 50 o0 Sl Ay a Ul (6551 o she 2
s (Sl 355 oo sl cdde (6551 4 adsl (6551 LT b b e 35l e
S i 5 45 (Haberl, etal., 2020) 5,5 & 50 Jotls L2llsb 5 51 adsl 550
4 s Sl W5 515 Cales e (il (s OLaST (6551 sl
Ayres & Warr, 2009; Sakai, et al., ) 55% oo O guoes (g3l Li ) 5540 Ol e
¢ 208D e 5 5 (655l 5 ol 3) e (Gl s 32 b 31 (855 (5Ll (2019
9 odomy ¢ parle jw Cdew s (LOVINS, 1978) ol L0 (J 257 5 30,4

1. Hard Path
2. Soft Path



VEY Olsy | AY oyled | YA Jlo| 0100 eobasdl sla gy | VA

3 pdyOlhal (Bl BB cpyme osle Lo 4y o5 s 45 Sl (BL L
23 eS8 S Gl s S 5 558 e edalie Cuily o e el Cle
LSO GO UL~y M Y PV T S RGOV S 1 PP PYP SR CEm
S35 Lol 5 s 655 anm s 51 ke 6550 Sose e 5 2 LRI Gl 5
3 @S biwlv (655 cwln sl 55 anw g 9 559 b copoman ol
Sheslizul O axdl 5 g dal g Jlasl bl (g iy C85 5 Sy b 55 550 o504
L3553 35 S5 Jolse sos00 55 3V RIPIOK pde 5 (2ol 5 5SS
Y0 ( GLLs) Colo Lge Ol 55 s | sLaidl

Loy il ad p o g ys JSs 5 ()l odd rbu‘ Sladlas 4o
Sl 528 ST sl ol bl s ool o 45 (Y) 5 (V) Jglir 53 (551 5 (g3l
Sl piomen dilodd gya5) b 5 oed SOl L ) 554
ol 0 drl g0 Glaboll 5 2l b (S unST63) S s T

565, cl;,a (5)'L~\J.;,-L54b{\))>)j;;5€)l;'-); ol ol Oladlas 4o LY J g
bl Ly 5 o ShSlss

SLasl 2als 5 655 cblis 5 Shes Ligd setls oS «ols ol ROV
5 e SIS L iy op SASlss ARl s s (e
ool ol o (63LaBl 4S e (69 S (144+-Y+2Y)

ol o3 Ghle 5 o slagsslalor PO i ERELT Rt

A gy oS35 S g LS | T patls | (Tt ) | (1) TS
b e s3lasl bl Ol i 5 op S

R

AL 5 Kl slasl s 52U bl eSSl s KI5
55 45, CO2 JLesl ) 5 Sl (1940-Y++4) (Y+\Y)

1. Lu, I. J., etal.

2. De Freitas, L. C., & Kaneko, S.
3. Log-mean Divisia index

4. Zhang, M., & Wang, W.



V| L8 5 (sl

OSSN 5 55 e olular b dal, ys 5 5i8 o 2 ok el Sladlas 4o N J g aslsl

6;@5' Jw':r))
e § 3l candlan o555 J b s 5 50 gilulas ESNR] YO 5 Kgs
ol Fos 208 DUl S w03 1S PR W (Y440-Y+1Y) (Y+\)
sl 0303 & 68 Gilulds 5 ans Lipws jels
Ll g3l 53 e S (655 ML’("“W
sl 03 S
Wl 035 2 |y el (3l S s kiliw —osls Je Jss T S35 IS
(Y440-Y+\ ) (YY)
o 5 68 ol sdeze L) 5ol ollas [EA - LKes 5 K s
Llazils Cias (lulde (Y+)1-1410) (Y+14)
Sololdr @y 558 oy 3550 Sla g sab sl 03 45 TE POLKes 5 4
w;kchtﬁjésuﬁimjéﬁ CPUA s (Y+YY))
Klasls cows (Yrrg=Y+Y0)
b ise 815 had lollr Aals o | 5 elilie—enls Jd o T 5
Seis p Jie ool Julse 5 ol el SoL (1440-Y+10) (Y+¥V)
RO KPR WISECHIK I PRSP (NP PR P WRES
LMDI _axLs
e 5 ol bl S (53l - ey Vol Kes 51,8
Syd 5 s, Oluebl (YAVY-Y+ Y E) (Y+Y))
o33 685 il 2in b 6538 uls | Useb b oluliz | odoue VL Kl s Kl
303 155 edewze VLI OT 51 e 5L aslarw s a5 ols (Y+YY)
il Sl (Yo )=YIA)
Ll}l_}:’} u.a;'—l.ﬁa
LMDI
Loy 5 855 O pas Ol lolias ala i Sl olusy oL 5 11,
S iluldr glacdl- 5y (galabl Liss els (VAAY=Y+Y0) (Y2 YY)
55l LMDI

. Dong, B., et al.

. Expansive Coupling

. Guevara, Z., & Domingos, T.
.Song, Y., etal.

. Luo, H., etal.

. Li, C., etal.

. Guo, J., et al.

. Wang, F., & Zhang, Z.

. Extended Kaya Formula
0.Raza, M. Y., etal.

— O 00 N L AW —

ol ags claasl sl



VEY Olsy | AY oyled | YA Jlo| 010 eobadl o iags | Yo

9 63;:‘ CL\A 6)L»|.l>- L) A.E_;b B )j,:S J>‘) BE ol Cbu‘ CJL&SUQA w‘)b— Y d_’u\?
bl Wiy 5 o ShSles

b S5 S S5 35 G ol

Dol (6550 O e (i cpl 3 sarls S Ka L Sla iz osbel 5 eila

ot 5 53 Sl el s rSls sl Jom 5t (\¥4A)
Ly b5 23 5 S5 bpae Dk ISy oyl J&

Ay a5 @550 O e ilelir | pasla 5 gl | (VFAG-AYAY)

503 e Ry s Sl &bl
Sad ) andlos 350 sladle gl s | asls Sl eslizal b Sla o (E0Y) 658
My Hl s Cmee i s 555 oSSl sbz s 38k
Jﬁ\)WL‘ﬂ’-M‘-;)-)}LiSM }LMD| Ja;i)lﬁ ;\\ﬁiw

Il sl adls (65 51 G pme 4 32 Silulas el OYAA=YAY)
Sl (ol yatls ATt
A2, 5l g5 A S 6B S5l
R LSJ)‘;LWS e

S,siS 5 giluldr asls Cuns Sileldr el sla,gis Sl s 58
e dames s Shas o i gl 52U SYOA) Case | (VE0Y) Sl
Ll L 5l (Yoo

Sl iagh claasl sl

R 5 b gy
SLasl 5 basl S8 5 Jom (550 O s Gilaldar ) 8l 1) et la (Y00 0) 40l
Solald= Jols ool (gilula 5 S 1, VAVe-Y e n ) Slejoyes b o STASTles
(o sbhe (5Ll (6 B (G5l (a5l (03 28 D i w03 28 e
L fay ool asiion 658 (o oluldr 5 Cams e (Ll cslae Ol Sl
Ma, ) ol ol o3l Soladlan 31 (6l 53 03,28 5 sbay (f 55 S jlulder 4
Soluldr awle ¢l (et al., 2016; Hu, et al., 2017; Wang & Zhang, 2021
Goluldr 2587y Tl (Y00 0) 4l eluly coobasl Ld, —65 50 O3 man

R B BT



Y| W e g el

AE,

e(E) = ﬁ )

Gt—l

AE ($551 O s 5 o3lasl Wiy Ol (ghlulir i oy, e(E) 0T 55 &
S35 8 a0 dds QLS B g oy 3590 0595 b (65 51 o e Ol il sdias LS
K G 5 o p 350 0033 b 6w S5 Ll g i AG b Jlo o
e sl i, .(Wang & Zhang, 2021) col 4y Jle 53 &l e J0s Gallb ud s
03 edle Ol gie 4 .Sl iy 5 (6551 e Dl ks Cgr O b gened Sl
g3bal ) Ols (6 58 S8 bl oo SRl 31 A 5 5 28l (6551 o e ST ol
3y 45 2515 0Ll el 4y e (6 il oS (b5 0513 5 5 6551 O e
Camdy Lo el Sgy bl cpoamms 5o b o Gl g 5 (Rl 31 655

F Jd 5\ JSK2) Gl aeis LB (g5lulde

Silulr N Y S

(Y0 ) isle



VEY Olny | AV oyled | YA Jlo| 811 osladl sla iags | Y

52U bl jasls bl il sl ¥ Jads

E AE AG O s,

e> \/Y AE>. AG>. 03 S i (s5lulir \
A e Y AE>. AG>. 03 1S DS i Y
« <e<A AE>. | AG>: Cins & lld \
e< AE<: AG>. S5 golelas ¢
e>\/Y AE<. AG<: NV ERPS NS 0
A e Y AE<: AG<-. ghre DA 1
+ <e< /A AE<. AG<: SO R PRSI R e %
e< AE>. AG<: S5 e golulix A

(Y V) O, e 5 K15 1l

Tl 53 ele o 3 S50, 5l esiluldar 538 gy g ol Eag 5
cadsh) 5505 e a3 5 s 3,505 ol 03 el odds oslizul (65 51 Calies
5 (ol glasltle i) T bl (W5 Ol ) ' b 1 aw & (dide ¢ o lgS
5 o2& Kl sUs e iy 3 andles ol 3 35 e a0 (sl SN Sua
Wl ok o3lizal j 4y S oyl S plaST s

AQ = z In <&> (Y)
InE, —InE, Q,
Y ()
As = —ln — \p)
‘ InE,—InE, Sio
E. —E. I.
Moy Bt (i) .
‘ InE, —InE, Lo

AE = A'Q + AS + Al ®)

1. Activity Effect
2. Structural Effect
3. Intensity Effect



Y| W e g el

tdu);rliui&g‘éjjs\qiwcjh“qufit
sl dle o el Jide (655 Caliben = gl O uas i
YN0 ,Ys ol s Ul s H5iS Sl el bud 620,
Y10 5¥s ol e b Jlo s 55887 sy Lallsl W5 : Q
al b sl 2o (6551 S g
W5 Qr gt e ys el iow 03531 35,1 Vg s DTl 3 ol 2o sl Sy
(t Jlo 55 5528 Jotls Lalll
al Jlo s pll 2o sl le S
AUl sl 2o 550 O e Eip s S0 Tl 3 ol 2o (6351 ks 2
(€Il pll 2o o35530 35,1 Y

G5 2 (s S Jolas a8 O ek o ) (5551 3 e o 1 6551
5l Hlst b piman (ol 0l (6 S 0311 (V¥ Il Colb by o ) 035581
Jlo 2B dby) (s el ad 54 (W Jle Sl L) (chde 039530 5550 S
03558 pisl s s Lallil A g sla ke (g5 LT (sbaosls .l 0dd acloes (VY4
sk Gl ot 57 Sler eSL Cul 5l Dok 5 Cateo (55318 (sla b
Sleds 5 Camio (55558 (Sl 3w (65 Caltbes sl 5 e 4 b gy e SO

Lledds U‘:')\bfl 9 LSJjTC} cCaliteo 6\AJL» B Q\jj‘\ 65}" ML)‘I'; )‘

—8iA D —eslal Al (glelir w5 (g Seslal g

Ol sladl s op SAnST g
b 1 Olgl g SAaSles JLasl =65 5l O e —(galadl wd (glulia (V) (ISS
534S Sl sl S i 53 4 K8 ) S e )l Yer oY aY e Sl

Sy s e lea..a 03 S G — o3l A gilulas Jsl i

dle (551 o Jal (LIS g ol S o SIS 4 4ol (6531 05587 (65 5 e gl 534
S5 Sl 0l 3wl 5 5 Doyl 5s (85 5wl 5 Calies sudbdujjlfjl e I TS T G R

el o a0l (6551 b 10T (oS o o Gb 55 ke
2. World Bank



VEY Olny | AV oyled | YA Jlo| 0101 oolasdl slaiagsy | ¥E

BTSN Y Ry-5 WIR R ENE S5l G il (gladd e
ol 14l (5 51 O peme Calisin laad o (gl 5 (65 5l ki C}JaMJJ S deSliss
S AS e 5 (ol wiy (giluldr Ly, § goren 2 JSs ol el el
et ol 039 end (6551 2 pn 5 (3Ll iy (65 luldr L) 1 STe 5 L aliee
53 Sl DI b bulyen (dod (6551 O pae g5kl A (Slubr Ly,
S5 e 023 YL 51 (GBU Bl ol 8T el (ks 5 ol adsl) (6551 Caliine - sl
Obe G (iluldar Kl cpimen (V) JSK8 ol Ol 1 3 (6551 o e 55 Lo
S VT Coale 51 B0 Ll 8 ol o SAuSTes 5 (b S5 e
oS dSles 3l gl wiy (gilulda came cpl lal p Ail b Al g
Calibue JICE1 oY) S8 gl 2w 53 0 gamme )3 ool (oo (slas5 5! 5 e 51 5l
(5 i Gl 5 Cand e 5lulr (03 28 iia (g5lulia) e (6 5lulitr
i 93 S e Sl ) 5313 58 g0 sdalie (6 51 5 s 5 (ol Ay L ddal) o
Sl 5 5 e o gl Cams ilebe i oY) JSE 1 e
S5 Sl (G Al e (55 51 o s saadl 3o Ole 3 ol 13 S SIS0
oo il o3l 53 o 5 ods 5)a; Olug b ilubr o s das 0 0L I
e Gileldr o5l 5o g 5 (G bl 5 wslre (Gluldr (Cans (gSlulix)
Sl L 15 e oS el 4 5 (5 e g lber 503 28 Lt (gl
Ozl LB 5L () S £33 Sidu 53 odd 4l SVl L wdl opl AL (55
sl ol g9y (S5l (Glael 55 Olu g b oy S AenSTl(63 — Gk 4l 5o (g 5Ll
i (bl o i (ol L add o s e 0L (V) JSKa Jgl ide 7 68 0les
16 S 0l gsbasl Hlitle s Sole 4 das e Ol (g3l Liy 11, s
S 53 ol el ol 5y 3kl iy 5 (6551 2 a5l & Sl 4Bl i
o3k 53 (Y K& pas i 53) o S nST63 5 ol le ailge (Gilulir &S ol
sl A s eslasl wi ) cplonil ol w8 5 Sy Sy Cras gilulis
JS 31 (6 e il 503 28 ite (3lalda) ite (g5lulia L el (Y) IS8
IS 55 95 ise SleMbl bl 5 &S Sl Jlom 53 opl sl 03 55 ol o (6551 U5 ue



YO | 5l b g ol
sl 55 55 Solg 53 5 Sleg e 5 oIl e s o Cans (gilulda ((Y)
el )13 g 0 S S5 =65 5 B e JS Olee (5 8 g5l

ST by eyss b Ol o SaShes HLaml = (65 G e — (g3l i lulus Y SS
Yoo

oS el g2
ke 53] e
il g5 e

sl 3 2l

il il s A

eyl il s 1

Al 3 U i

iled il e
e il gl A

e i a1
wiled g3l sl il
il A S

oo 551 3 e

Solazdl udy

i gy gy Sl

e 53 g i1

ke gl el i

ke g1 g8 A
ke il s

il il e

adyl 3 ol

adal il a1

oyl g5 gyl 0
Al s34 s il

tled i e

e 3 e il

il il o A
wtled g3l sl it
e i

[N

O S BST g0 Lol

e 55 S adyi S

e 53 g i1

ke 53l g el il

A 531 g8 A

e | swglioll] it end g gloll
szl b gl o i e [l o gl

Al YOVAZY Y0 B YY) (lany 33 sdtasOli d 5 4 Ye B Y sl

Sl gt Olalow s le



VEY Olny | AV oyled | YA Jlo| 011 eoladl sla gy | Y5

5 @bl Ly ilulde Lg)y das o 0l () S8 S 6 S 0len (f goma 53
ol s edd syasy e il b i (Jy Sl Sl ey (b 655l e
8 93 el ails Clan oy STUnSTI63 9 (6551 e (S3luliar L el (g5l
3 58P e il b Sl adl e (555 O pmae Calites bradl 3o Ole 5 (Il
gy Lilesls QLS T) Glu g disy 95 2 5ol 549, Cand (S5lular b (g bl adl 5
O e —(g3LaBl Uiy (g 5lulda (gl asin s by gasl p s gd s a bilg e Sl g
AL S AS ls -5 )

©3laml iy (65l b g lie 53 a8 das o 0La5 (V) s ged 5 (Y) S 5 Laasily
56 e bl 03,28 e (luldr) gite (6 5lulder (5 1 Calliee = sk |
S5 adsl el 4 S olg 5 ke (6551 L ol Ll (Camd (e (g5 luldr
035 ol AT L oF) s 53 (6550 Caliben = shane )3 S dsloms ol i
AV ol 53 S8 e bl (M s VL s 3 (55 2
iy g G5 Gl s (Giluld lej (g m Ly (V) Llagad 5o Sl 5
Ans o OLES Calies Sl 1) b it (65l cigy o &S ol 0 1) (5Ll

Yeaa_YaYo

Energy & GDP

A,
O £~

)
= /'E:r—'/—\ Z

N ~ -7 ~—
1 23 45 6 7901011 121314151617 I5T9 20
-5

— gyl e gl e

Sl i g Sl tisle

jL;jj'lmeqd:éwC}L‘uL;)'L.u\..\?cjézéswjﬂé\ﬂc(Y)Jg.i).sulsl):
Gl Yo =Yo¥e Sljoeyss b dele o 5 S5, 05,8 Bl Lol sl (golasl i



YW W 8 g el

Sl Sud adje (655 Calies C}hﬁ 03 &S das e OLE baasdl Ll ol
S35 55§55 o pae (Sl alwlw LS o 5505 3Ll iy b (6 2
35 SLITE O ez s Loy 55 53 oS )3 (sl 0353 J 50 gy 2 3550 4 5]
Ol slasl 87 gladle (g bl Slalie ulal 5 Js ol 15 lagg 5l ol o33
el 035 Iy AT e (9397 g0 5 Wl 5 ol arlpe i (lubr L
Loy Lol an (6550 3 pan o3 SRl b 3 @l W5 ST G0l 3 WSe
(st (Sl o iy el dn 53 (6l Bl e el il 131 (oLl
ol 855 SSIEST L s s Sl a8 s o 0L (s3ladl b, L1y 8
Ol 33 @550 Slslp s @il b ol bl Cand ¢ opwimman (V¥R (65 51 431 5)
5 OLSWe) bl a3l cplin w3 b5 S 4y Sl gt Sl oS ol 0 o
5 okd (G5 o pan il el aoys ST s 55 ld g LOYAFE O Kes
iu 53 YU 6 5L 6 ld odiasalis 45T ol 031> OLEI 1) 03 28 e (g jluld
Al s a5 (5 S g serme 53 (VY88 (65 51 a3l 5) ol 01l s 5
5 e 42 L35 b s ol (Y JSKE) Sl 52 IS 5155 (S8 Sl g S5 03
ol das e Ol &S 5,0 )8 5l (F 5 ¥ OY (glayls ged) Calises s 03 550
il gl 5 s 1 BLASTOT 1 s 3550 Sle 53 )3 (65 51 3 e

ol 85 mls 53 b 151 AL

b Ol sl S5, an 5 Xl g
Yoo )=YeYo Lf'L‘) 09> 519 LMDI L):q})

Primary Energy

ol g Ol s le

L Olel ole S5 B pran 525 Y Slsga
Yoo \=YeYe Q5.;{;0)'a)).>b5.19|_'\/IDI U’i‘j)

Final Energy

1000
800
600
400

200

0

lz2
200 /2 8

Sl g Slalow s le



VEY Olsy | AY oyled | YA Jlo| 0100 e3basdl sla gy | YA

Yoo d=YoXe Sleseyss b LMDI 35, L Ol dide (6550 G s o £ 15 903

Useful Energy

600
500
400
300
200
100
0
-100

ol Liagh Sl 1 e

Ol 303) andllan 5550 Slej )95 (b (655 g5 1 g oalal Ll (g ilulua Ly,
Gos s 4) eolaml iy — (g5l B e (il Ol 5 51 OLES Wil g5 oo (O
33 &5 S A ge jledd i, E il Sluwloes bl sl (VU (5 6551 b
A5 4 () 13 gad 3 (g lulder Ly 5 (V) IS 3 (3Ll Ay 5 (65 5 Calien = sham
Sl ol thu'\ 95aS ol slal Il (giluli 3 s S 53 gla AW Ay o0
23 O 3 Sl ul y Conl ok gyarsy Olog Loy ol 3 il Js
ol 3 Ok 5l golasl gl S s 5 b S 5 2 slac b
les) ol galps (YY) Sler ¢SSl 5 (1748) e sl (o LT Oliy1 5
u.w)jJ)y@bjg)b&)\:ﬁ-\.wﬁSMJ@QW}Q(T)JQZJ.scMGb‘@b
Saanl 4 ax 5 L. AS sbul alasl diy — (65 1 (5 pean (668 (S luldr Sl a3
Sl 5 (gl3jCais I (AU L5 o bdle (& 2 53 65 luldr ol anllas
ANCINES

el ok 1 (P21 Q) O en 5 590 o 5 golin Julow )



YA | Sl B 5 Pl
e g8 Sl glalar W50 Hlased 5 Gbaae S S gslulae W, N Sls ges
Ol sl (galail J».Z)—ngjil;é.lb'ucjhﬂ 33 Ol pl (g3l ,Li)—(_;jjjlgil.:ﬁuc_,.la.w

Activity effect & GDP Efficiency effect & GDP

40
30
20
10
0 W N et

qo |1 23456 V» 10111213 141516171819

i P 4 I
Sl g Sl sl Sol iy Sl s le

e goltle S gilalaer Wy, Vi ged 3 e IS 5 gslular L, A s ged
Ol ! ealal .\.i)—tgjj\;ik;'ucjhw); Ol gl ealal M)—ngj\;ikwcjhw

Structural effect & GDP Total effect & GDP
00 6
200
100

40 “
) \
20 | 3
”‘ i —

\/“ . !1 2345609 1011121314151617 1819
123456 91011 121314151617 1819 20

40 !
il R i i Sl
ol g Ol s le ol gt Sl s le

e 5 o3lasl Ly e (ilulda o 1l 1Ol 3 5 (V) S lal

s obatl L) e (g5lua 55 (6 2k g eSOl ST (g 055 e odalin (65
Sl &8 ulal pl s oo Ol (655 slaad 3o ple 4 S (6551 O3 s
Gl el YU 5655l 6595 b plee ) eolial S 4 Olopas O ) sl
A3 Sl CAel s Cand e ST 011 (bl sy =655 O e e - o
S35 S e Sileaie Gl O35 J5e 5 GLAS S 03 551 D e S
S35 O e (5Ll ailia ((alaBl Ul ) —die (65 51 O3 e (giluldr Ly, !



VEOY Olsy | AY oyled | YA Jlo| 010 eobadl o ia g3 | ¥

03,55 Jos 350 (3Ll A ) 5 (6331 o e (65l 53 O ) 5Ll ¢ sazes 5
5G5S i O e b guan (o3laml glajlle I 50 Llg o 0T s 5 Col
s 5 el 5 Ol 3Ll 0351 ) amlin 555 bl (6551 O s 53 218
et 5 e SES o £l 51 D e Ol e oS Lol 0k om0 ($5 5 2 e
W.(\MAmuT,w.:u),uzpmu&mﬂ”,\s}“mf,\;dwcbﬁ
S5 Dbl oslsl g,LT Slayl S C1FA) Ol ul 651 aaljl 5 g,bT olayl S
G 2 b gan gl (VWAF) O 5 (50 Slallas 5 5 (YY) IS T
S e bl
o558 he Dlad cmlie g anads Ol esdle (551 LTHEL O e
adl g 1S canlllan 3550 Sl 0 )55 (b & ol oyl Ul Alaly nl 53 5 3,05 S YT
4 Feoly (gl Sl @by oy S U863 ST 51 (6 pter (s pdier (8551 o e
S35 O e grla 53 (5531 5 e (3Ll Ay = S50 (5lulder cJigw )
e 5 (5337 Cand (g5l (Y) S8 ol ol 0k plonil o 5 15 !
5 S 2T 3l Sy L5, (0) s ges 5 g0 Al g 2 3550 5o 53 (655
e a5l e i s 0 DL | (6551 Caliiee 2 sha 3 (551 O e
et el 0355 ;3G o gy 1) 53 35S S35 o a5 5 A 53 eud 8
55 B3 o 53 4 S sl (655145 a0 0L (1) S 5 ks plonil Sl
5 Q) Sl sai a)ls s Lo ST 3 (6 22 1 (ke 6551 5 26 5,
..u;,..a,L;sﬂ.ﬁdt,ugbﬂj\v\?zu65,'1,&@65;|6;u\,\?.ub.\,u@ow



¥V | L8 sy

L;l.ﬂ)'a)_ﬁbdb;ﬂﬂ‘éjj\s_ihﬁ:ﬁcjk.w)} JM);J}}TOL:ALSJLA\J\? Loy 8 ,lased
Yora_YaYs

Energy & Co2

1| ;/_(_mc\/\ . \
0 y-

1 2 3 4 5 6 7 8 9 V(u 12 13 14 15 16 17 JWE“
-1 o

— ] e gl == = aghe

ol g Olalow s le

Sd L e il ozt ST cas e 0l (V) S8 o5 boles
SiF) Lhas egu 4 ar 5 LBl ) )l penp 3y G55 il sk s
e b byl s s S5l e G dasee U B 5Ll Ol g 5 dbbddos
I S ST ST 5 6551 it 7 sk 53 Cand (glulier (AT (aled
03,5 i Slog o a4 S Condy 3l s 4 Gilulla i) L a Sl
3 Sleg L a e gilulde ( Sad add e bl jo ¢ filae 55 (Ve Hls ged) Sl
ULl 5 o il Lo s gy (V) s 5a) 3 55 o0 odalin (5 5l ks 7 slans
3L G D e s ) L o et d Jie Sluting Sl 355 )
JLsl 5 G55 Spee ol adlie Ol Glus s Cand Ol (rnes
5 G283k o Lalis o oiasOlE (VY s sad) Ol alal 55 o S 0uSTls
VL S 0T eyl



VEY Olny | AV oylad | YA Jlo| 011 ool sl g | Y

S Sl ole gilulas Lg, Ve ls ged
S e sl 53 G ae AT 5

Activity effect CO2

A

L,—-_./\ AN

AT
pfr 24 s e 7 8 o0y 123141516 1819
-2

-3

adgl e g === =

ol g Ol s le

S5 Sl ol gilula sy NY ls gas
L;jj'\;é.k;ﬁmcjbwﬁdja‘_;)l:}u

Sl Sl ole gsluldr dsy NN ls ged
djj‘;wucjhwjéujmuﬁ.l&

Efficiency effect CO2

e
0111207 14151617 1819

adgl e gl === = 4

Sl g Sl s e

s Sl ol olaliar dsy A ls gas
ngf‘MC}l‘”‘)"JJwL}S

Structural effect & GDP Total effect & GDP
60
w0 |
0 |}
20 =
o N s
20 M 2345 1-\,)/9 10111213141516171819
40 ‘

) e Gl e

Sl i Sl sl ol iy Sl s le

s a5 (5Ll iy = lewd (6551 5 pome (S5 luldm Lgy s oo 0L (V) JSCa
el (g3lal Wiy = oy S ASTles ST Hlesl (gl digy aline
wbls s ) Loes o 55 53 ‘gﬁﬁ’dau:?lcﬂ:‘)immugl{ @szquj'\ sl
3 Sws3g s o550 33 3 (b Ll S5 D pan p (ST 2 s sl
5 SLs s o 4 by e sugap s o s (Galaskiewicz, 1997) Ll o1 s 55
Ble 5l S b s e 2! S35 o€ ws 5 (Zheng & Xie, 2019) _elus ol

1. Corporate Social Responsibility



V| W8 sy

S Sl Jle Ol sis 4 (Porter & Kramer, 2006) ol LT jlael 5 &, 5 Olad
Sl ol s i) & (s e Blad 208531 S1aoB 0358 00 5ok 18 CokS
2 Loy ol lael ol (Sn (531 VU 3 e M3 4 e ins o 0L 3 5
g ST 2als 53 T o8 jlin il 5l Cor g oS dziy o blous

S G55 a5 S ASTI6s HLasl (oalial Aby oy (Sluldr 4 glaws
ple 4 2V Kl s 5558 (G531 o pmn wb Sl |5 G QT 011 sl
c&)ob%djj\cbj\)b)fﬁjﬁ)q)) S 55S Olge @ Ol pl oyl dd
56 1) AT Sl a0 b b 5L L ki) (6801 laGias 51 S
iy = S IT =651 syl oy e 51 28,500 5 oy VYAV (6 janr (65 5~
el (6531 8 b e 53 HE 5l S ils 4 4 5

Sl Jolse xS el 5SS 51 b &S ST l ol 58Sl oK
o0 655 e B3 b sk e e o el b 5 68 JSS
51 4o B (5 SLL ol @5 (1 5 (or T S s 4y (b (655
ol Colal 51 s 5 s oS3 g b ol et (3LaBl A 5035 ASTG 35 90 51500

)}&@u)w)‘u\ihwjjé

JL APE P—F AFE F-U AUE
YeeeYero ALVAYAA V/VE Veo/Y e AA +/A4 LA0/00EA
YooY \YoV/YV /v Q0Y/ALY 0 VA TVOAAAAY
Yede—YoNo VEYV/VOA A Y PAY/YA +/1q VEA/LOAQY
Ye)o-Y Y. Y4704 VYV \YEY/AY +/1q AVV/EVYA

sl 5551 oSile ‘APE

26 5359 Sk AFE

ke 53,51 oSk AUE

(5l 551 2 216 S35 Comd) 26 551 4 sl 555131 55 S PoF
(26 655! 2 e 6551 Comd) Lo 550 4 e 551 51 6551 208 F-U
ol 0l Ajb‘ Al 0 e‘ijJ.: L.wj;'.a R ] Jju\.> d{\)b CJL.w‘au

0 T G W P A S ¢ W S [N SR



VEY Olny | AV oyled | YA Jlo| 011 oobasdl la gy | ¥F

e = slaw 53 0 ! skl 6551 S Mas e OLES (F) S o7 45 S Oles
Ll r A1 AV ok 53 YL SDE pde e el ol b (5
oo 5lag3 1 O3 e (g0l ) iy (Sl e s Sl sl
23 65 2 Sl ps KL g pbm cal LSl adsl (6551 L amlia > e s
O3y gy s &y 4 5 pde Lol (G5 o 53 S5 D pe 5 A5 sl dan
Sl 551 OIS Glads 32 4 il ane 5 51 ol oo Wl gn ok T 3 (65
358 e 5 5iS (oalal ud,
Sla st Ol pl sladl Calsee (sla 2ow oy e 551 2D (s 2 03 Grpes
O 2 AV L5 oml o 5 o JB 5 o 5 (SO cnin (55,518 (Dl
ng)jajeLgbbJj;S)\{}JéLmJii)JoJ?.&Lg.,\;\o:\:upw}\:}ﬁ-4.31)611)15
Jo 5 Jom Oligs 5 cnln o sl 54 a5l oDl 50350 o slas Olakil
S ooy ol 355528 (651 5o ol skas O AiS s e 51 (S 050 5L
4 bg g anlllan 3500 0595 (b (55 e 0 i Aa3 (00 DL (izmen 65 51 3 2
SO A 3 pan 4 dm 5 &S (VAR (051 4l ) il e Kb Cojlan isw
S O pn 3 o5 ol e 5 et ple s el ST e Ol s 1) Ade 5 06
5 Jalos 03 ol Oleily 5 (350 OO 51 (ol sladle 5 LT ad Jos 4 51
S sy 35 S5 05 o el g5 5 mbio 53 (551 DB S 5 e (slaslKans
&\)agjjldj@dgu.\.&) oM:QWedjjjwuﬁgjadjj‘me,:rfb
7 2050 0093 b S5 Sl el O pan 5 (655U i g s 60l ey
ST 565 Sl Jol O pume 55 (550,80 035 bl a4 Clos g 2alS 4
s sshe Cpmeme mla pl D pae 53 5538 edas Gl (G558 A o
S 355 i GRbT ool W5 ol OB & Ol e OT LY o Fge
055 LT Glaals min 55 OT ez 8 o 5 T 5 (651 o e 51kl

.J; a)u‘



YO | 5l el 5 (Sl

ol o g 5 (6 ;S 4 0
S 28T 5 =55 3l Lo 5 325 5 s Bl A 3l el ol
gdsuduw}u&,{a;ws;;\gwsucjlw,wu-vv Shieyss b ol
do ol e (S5l Ll SOl S5 bty ol G gl ol (6551 5 e
(odlad slaadd 3o 5 g Ll aslie ¢ pioman ol oo 5550 Lo oy b e
LS 5030 (85 5 LB pmae 4 il g Sl 4 O pf Sleal das e QLS (gl 5 Gul
ol (S5 ) 5SS dnm g pike 5 31 5 (g3l slal b 035 s A3l (3L ST
Sl golaml gla bl ag s

SLasl Rl 31 Lol oS o Ol 4 (galaml wi ) das o O Sl o
o e 2alS &S ol Sl 55 ol Sl ol alb a8 glaans j5 o SaSTIgs
opl gl s STalS Tl es HLasl Hlee 55 sage A8 carlllas 3550 0595 b (5!
il go St b g3 1 a0 01 ! slasl Kool y 5 0 65 51 9 e L2alS ol ol
NPT

23 8351 O e 41 Ol pl Sl Sosly oz 0Olis pblo Godond 5l o gomn 3
ol Ol e oS (6145 8 4 el e (551 5 2l 6551 eads) (51 el 4w
SR S a5 bl 3 sgdn (e 5 4 50) (6551 VU sk 5303 50 55
Odd slaad o 4 ax g (ol ol e (o3laBl Uiy 65y s usgde b Joses HLid
Ll (G358 S5O pn 5 ol Al Jolw (sl (65 51 S50 et 5 S5 S
sbasl )3 dajy oo 4 (b 5 (SUS (golle SIS s e ol 4 a5 L
g 5 S350 O pan Bl Dol dbml 5 (Gluldr o 5as )3 (padeia 3l O
3,105 g 9 (gLl

C)la.a 23 oA s oS Sl (9 0 S ol anlllas &b ol
(AN Shae gy il 53 e b G131 (Ao 5 o lg cad s (65 51 ke
23 655 2 5 6akd) i 25w HI L Sl 555 s o g (S5 T 5 s,
oy ol 53 3,8 N E Sl a1 Sy sl 3 (51 Calee - glaw
EME o il b 55 o Gl s ¢S5l o5 e LS 55 ol (65,0



VEY Olny | AV oyled | YA Jlo| 011 eolasdl sla gy | ¥

g%‘wdjﬂgw;m\ﬁ\;La:slgg,'u,\?dlﬁ.;ﬁL;ﬁiﬁg,umzw
il b Glaman 5 pdididand Sl 5o i fl 5 LIS 618 ale e 555 e
Gose 5 208 G, 5 LT Jos 4 (55 4 iy slagyste 3l Il (Jbo ol
Ol apilinr a3 gukos 3 325 13,8 513 (65 51 ool Zu sl 53 (5551
S tlie aly ol L s ang slacla cdias 2alS 1, ST 28 Wil
551025k 3 5 93 (otr B ((Slatrl (G551 O e 5 o ioman 5 g Al 5

313 ) 5 S 5 e see 5 (SHlT ¢SS i 53 Sy e

él.:.a oo
.5)‘4.’)?)8[;&&)\33

ORCID
Saeed Rasekhi https://orcid.org/0000-0002-6280-7243
Sara Ghanbartabar Ahmadi https://orcid.org/0000-0002-9225-6921

@Lu

S i 53 G551 O e Candy oy 5 (VYAY) el (6 jmam (65 5 5 Juis «6 20 51
4505 (V) Y (g5l sl Bl oy 1. ol 0S5 e

Slaesbn SET L5511 gy dmloms BB gn yas Joles (6 801 6 .(1Y40) ool ¢ SLLs
https://doi:  £8-\ «(FOYY Ol ) golabl cla iass 0l 5l (cdalsd 155 ]
10.22054/ijer.2017.7502

3 g aee (ST Jlisl (gSlelia Jlos (VP4 ) L s ¢ S35l J3le 5 e (6585
o s S 5 Shes sl sloe y Cimie sl 538 53 (555U S i
https://dio: 10.30495/jest.2022.61099.5401 &y 5 Laws <5 555

Sl ide 53 G55 O s 4w il oS 5 esli 5,8 (VP Y) aew (50
https://doi: ¥« + YAV ((¥NF ((g5,5LiS anw g 5 slassl Ol Cmis 5 (55558
10.22067/jead.2022.74585.1111

daly G ai5L (VW) el ¢ Jsmy 5 Sl 0L, (ale (golas ¢ mnm mal ¢ 50
Gl anlliad (Sl — ide 355 Ol 5o alasl Wiy 5 5,50 o e
https://sid.ir/paper/176346/en A5V (¥+ )4 (g3l


https://orcid.org/0000-0002-6280-7243
https://orcid.org/0000-0002-9225-6921
http://orcid.org/0000-0002-6280-7243
http://orcid.org/0000-0002-9225-6921

Y| 8 sy

JEJ E) J.c:- FRes v 6\.&&5;3 BE) ngj.?\ J}.A_a A.U:’J (YYaN) R ca:\.AT) S g@}l.a
(ONVF (o g5 Syl 5 slail (Decoupling esle s LMDI jesls Gails Cila )
AFA-YYD

References

Ajmi, A. N., & Inglesi-Lotz, R. (2020). Biomass energy consumption and
economic growth nexus in OECD countries: A panel
analysis. Renewable Energy, 162, 1649-1654.
https://doi.ora/10.1016/i.renene.2020.10.002

Antonakakis, N., Chatziantoniou, I., & Filis, G. (2017). Eneray consumption,
CO2 emissions, and economic agrowth: An ethical dilemma. Renewable
and Sustainable Eneray Reviews, 68, 808-824.
https://doi.ora/10.1016/i.rser.2016.09.105

Ayres, R. U., & Warr, B. (2009). The Economic Growth Engine: How Energy
and Work Drive Material Prosperity. Edward Elgar Publishing.
https://doi:10.4337/9781848445956

Barati Malairi, A. & Houri Jafari, H. (2008). Investigating the state of eneray
consumption in the final consumer sectors. Review of Energy Economy
Issues, 1(1), 56-96. [In Persian]

Bradshaw, M. J. (2010). Global eneray dilemmas: a geographical
perspective. Geographical Journal, 176(4), 275-290.
https://d0i:10.1111/j.1475-4959.2010.00375.x

Bekun, F. V., Emir, F., & Sarkodie, S. A. (2019). Another look at the
relationship between energy consumption, carbon dioxide emissions,
and economic growth in South Africa. Science of the Total
Environment, 655, 759-765.
https://doi: 10.1016/j.scitotenv.2018.11.271

De Freitas, L. C., & Kaneko, S. (2011). Decomposing the decoupling of CO2
emissions and economic growth in Brazil. Ecological
Economics, 70(8), 1459-1469.
https://doi:10.1016/j.ecolecon.2011.02.011

Dong, B., Zhang, M., Mu, H., & Su, X. (2016). Study on decoupling analysis
between energy consumption and economic growth in Liaoning
Province. Energy Policy, 97, 414-420.
https://doi: 10.1016/j.enpol.2016.07.054

Emir, F., & Bekun, F. V. (2019). Energy intensity, carbon emissions,
renewable energy, and economic growth nexus: new insights from
Romania. Energy & Environment, 30(3), 427-443.
https://doi.org/10.1177/0958305X18793108

Feng, Y., Yu, X,, Chiu, Y. H., & Lin, T. Y. (2020a). Energy efficiency and
health efficiency of old and new EU Member States. Frontiers in Public
Health, 8, 168. https://doi.org/10.3389/fpubh.2020.00168

Feng, Y., Liu, R., Chiu, Y. H., & Chang, T. H. (2020b). Dynamic linkages
among energy consumption, environment and health sustainability:


http://dx.doi.org/10.4337/9781848445956
https://ensani.ir/fa/article/author/1623
https://ensani.ir/fa/article/author/1623
https://ensani.ir/fa/article/journal-number/13364/%D8%A8%D8%B1%D8%B1%D8%B3%DB%8C-%D9%85%D8%B3%D8%A7%D8%A6%D9%84-%D8%A7%D9%82%D8%AA%D8%B5%D8%A7%D8%AF-%D8%A7%D9%86%D8%B1%DA%98%DB%8C-1387-%D8%B4%D9%85%D8%A7%D8%B1%D9%87-1
https://ensani.ir/fa/article/journal-number/13364/%D8%A8%D8%B1%D8%B1%D8%B3%DB%8C-%D9%85%D8%B3%D8%A7%D8%A6%D9%84-%D8%A7%D9%82%D8%AA%D8%B5%D8%A7%D8%AF-%D8%A7%D9%86%D8%B1%DA%98%DB%8C-1387-%D8%B4%D9%85%D8%A7%D8%B1%D9%87-1
http://dx.doi.org/10.1111/j.1475-4959.2010.00375.x
https://doi.org/10.1016/j.scitotenv.2018.11.271
http://dx.doi.org/10.1016/j.ecolecon.2011.02.011

VEY Olsy | AY oyled | YA Jlo| 0100 e3basdl sla gy | YA

evidence from the different income level countries. Inquiry: The
Journal of Health Care Organization, Provision, and Financing, 57,
0046958020975220. https://doi.ora/10.1177/0046958020975220

Fuss, S., Lamb, W. F., Callaghan, M. W., Hilaire, J., Creutzig, F., Amann, T.,
& Minx, J. C. (2018). Neaative emissions-Part 2: Costs, potentials and
side effects. Environmental Research Letters, 13(6), 063002.
http://dx.doi.ora/10.1088/1748-9326/aabfof

Galaskiewicz, J. (1997). An urban arants economy revisited: Corporate
charitable contributions in the Twin Cities, 1979-81, 1987-
89. Administrative science quarterly, 42(3), 445-471.
https://doi.orq/10.2307/2393734

Ghisellini, P., Cialani, C., & Ulgiati, S. (2016). A review on circular economy:
the expected transition to a balanced interplay of environmental and
economic systems. Journal of Cleaner production, 114, 11-32.
https://doi.ora/10.1016/i.iclepro.2015.09.007

Groth, C. (2007). A new-growth perspective on non-renewable resources.
In Sustainable resource use and economic dynamics (127-163).
Springer, Dordrecht.

Guevara, Z., & Domingos, T. (2017). Three-level decoupling of energy use in
Portugal 1995-2010. Energy Policy, 108, 134-142. https://doi:
10.1016/j.enpol.2017.05.050

Guo, J., Li, C. Z., & Wei, C. (2021). Decoupling economic and eneragy growth:
aspiration or reality?. Environmental Research Letters, 16(4), 044017.
https://doi:10.1088/1748-9326/abe432

Ha, N. M., & Ngoc, B. H. (2021). Revisiting the relationship between energy
consumption and economic growth nexus in Vietnam: new evidence by
asymmetric ARDL cointegration. Applied Economics Letters, 28(12),
978-984. https://doi: 10.1080/13504851.2020.1789543

Haberl, H., Wiedenhofer, D., Viraa, D., Kalt, G., Plank, B., Brockway, P., &
Creutzia, F. (2020). A systematic review of the evidence on decoupling
of GDP, resource use and GHG emissions, part Il: synthesizing the
insights. Environmental research letters, 15(6), 065003.
https://doi: 10.1088/1748-9326/ab842a

Hashemi, M., & Amadeh, H. (2019). Analysis of energy consumption in
sectors of industry and transportation (Integrated Approach LMDI
methods and indicators). New Economy and Trad, 14(3), 125-148. [In
Persian]

Hickel, J., & Kallis, G. (2020). Is green growth possible? New political
economy, 25(4), 469-486.
https://doi.ora/10.1080/13563467.2019.1598964

Hu, J., Gui, S., & Zhang, W. (2017). Decoupling analysis of China« product
sector output and its embodied carbon emissions-an empirical study
based on non-competitive 10 and Tapio  decoupling
model. Sustainability, 9(5), 815. https://doi.org/10.3390/su9050815

Khiabani, N. (2017). A Dynamic CGE Model for Evaluation of Energy
Policies: Evidence from Iran. Iranian Journal of Economic


http://dx.doi.org/10.1088/1748-9326/abe432

Y| L8 (sl

Research, 21(69), 1-46. https://doi: 10.22054/ijer.2017.7502. [In
Persian]

Porter, M. E. & Kramer, M. R. (2006). Strateay and society: The link between
competitive advantage and corporate social responsibility. Harvard
business review, 84(12), 78-92.

Krausmann, F., Lauk, C., Haas, W., & Wiedenhofer, D. (2018). From resource
extraction to outflows of wastes and emissions: The socioeconomic
metabolism of the alobal economy, 1900—2015. Global Environmental
Change, 52, 131-140. https://doi.ora/10.1016/j.gloenvcha.2018.07.003

Lee, C. C., & Chang, C. P. (2007). The impact of energy consumption on
economic growth: Evidence from linear and nonlinear models in
Taiwan. Eneray, 32(12), 2282-2294.
https://doi: 10.1016/j.enerqgy.2006.01.017

Li, C., Hu, H., Dena, L., Liu, Y., & Wana, Z. (2021). Structural decoupling
the sectoral arowth from complete energy consumption in
China. Eneray Strateqy Reviews, 34, 100634.
https://doi.ora/10.1016/j.esr.2021.100634

Li, L., Lei, Y., Wu, S., Huang, Z., Luo, J., Wang, Y., Chen, J., Yan, D. (2018).
Evaluation of future eneray consumption on PM2. 5 emissions and
public health economic loss in Beijing. Journal of Cleaner
Production, 187, 1115-1128.
https://doi.ora/10.1016/j.iclepro.2018.03.229

Lovins, A. B. (1978). Soft energy technologies. Annual Review of
Energy, 3(1), 477-517.
https://doi:10.1146/annurev.eq.03.110178.002401

Lu, I.J., Lin, S.J., & Lewis, C. (2007). Decomposition and decoupling effects
of carbon dioxide emission from highway transportation in Taiwan,
Germany, Japan and South Korea. Energy policy, 35(6), 3226-3235.
https://doi:10.1016/j.enpol.2006.11.003

Luo, H., Li, L., Lei, Y., Wu, S., Yan, D., Fu, X., Luo, X. & Wu, L. (2021).
Decoupling analysis between economic growth and resources
environment in Central Plains Urban Agglomeration. Science of the
Total Environment, 752, 142284,
https://doi.ora/10.1016/j.scitotenv.2020.142284

Ma, X. W., Ye, Y., Shi, X. Q., & Zou, L. L. (2016). Decoupling economic
growth from CO2 emissions: A decomposition analysis of China's
household energy consumption. Advances in Climate Change
Research, 7(3), 192-200. https://doi:10.1016/j.accre.2016.09.004

Mahmood, T. & Ahmad, E. (2018). The relationship of energy intensity with
economic growth: Evidence for European economies. Energy strategy
reviews, 20, 90-98. https:// doi:10.1016/j.esr.2018.02.002

Mohsin, M., Kamran, H. W., Nawaz, M. A., Hussain, M. S., & Dahri, A. S.
(2021). Assessing the impact of transition from nonrenewable to
renewable energy consumption on economic growth-environmental
nexus from developing Asian economies. Journal of environmental
management, 284, 111999.


http://dx.doi.org/10.1146/annurev.eg.03.110178.002401
http://dx.doi.org/10.1016/j.enpol.2006.11.003
http://dx.doi.org/10.1016/j.accre.2016.09.004
http://dx.doi.org/10.1016/j.esr.2018.02.002

VEY Olny | AV oyl | YA Jlo| 0101 eobasdl la g | Fe

https://doi.ora/10.1016/j.jenvman.2021.111999

Moon, Y. S., & Sonn, Y. H. (1996). Productive energy consumption and
economic growth: An endogenous arowth model and its empirical
application. Resource and Energy Economics, 18(2), 189-200.
https://doi.ora/10.1016/0928-7655(96)00006-1

Moreau, V., Neves, C. A. D. O., & Vuille, F. (2019). Is decoupling a red
herring? The role of structural effects and energy policies in
Europe. Eneray Policy, 128, 243-252.
https://doi.org/10.1016/j.enpol.2018.12.028

Moutinho, V., & Madaleno, M. (2020). Economic growth assessment through
an ARDL approach: The case of African OPEC countries. Energy
Reports, 6, 305-311. https://doi.ora/10.1016/j.eayr.2020.11.253

Mozayani, A. M., Esari Arani, A., Afsharian, B., & Rasouli,
A. (2015). Redefinition of the Relation between Eneray Consumption
and Economic Growth in Iran: Markov Switching Approach, Quarterly
Journal of Economic Modelling, 9(2), 67-89. [In Persian]
https://sid.ir/paper/176346/en.

Muhammad, B. (2019). Energy consumption, CO2 emissions and economic
arowth in developed, emerging and Middle East and North Africa
countries. Eneray, 179, 232-245.
https://doi.ora/10.1016/j.eneray.2019.03.126

Naghavi, S. (2022). Application of the Combined Index, Decomposing-
Decoupling of Eneray Consumption in the Aaricultural and Industrial
Sectors of Iran. Journal of Agricultural Economics and
Development, 36(3), 287-300. [In Persian]
https://doi: 10.22067/jead.2022.74585.1111.

Naghavi, S., & Adeli, M., (2022). Analysis of Decoupling Environmental
Pollution Emission from Agricultural Sector Growth in Selected
Countries Based on Environmental Performance Index. Environmental
Science and Technology Quarterly, 36(3), 287-300. [In Persian]
https://doi: 10.30495/JEST.2022.61099.5401.

Payne, J. E., & Taylor, J. P. (2010). Nuclear energy consumption and
economic growth in the US: an empirical note. Energy Sources, Part B:
Economics, Planning, and Policy, 5(3), 301-307.
https://doi.org/10.1080/1556 7240802533955

Rahman, M. M., & Velayutham, E. (2020). Renewable and non-renewable
energy consumption-economic growth nexus: new evidence from
South Asia. Renewable Energy, 147, 399-408.
https://doi.org/10.1016/j.renene.2019.09.007

Rahman, Z. U., Khattak, S. I, Ahmad, M., & Khan, A. (2020). A
disaggregated-level analysis of the relationship among energy
production, energy consumption and economic growth: Evidence from
China. Energy, 194, 116836.
https://doi.org/10.1016/j.energy.2019.116836


https://doi.org/10.1016/0928-7655(96)00006-1
https://doi.org/10.1016/j.egyr.2020.11.253
https://sid.ir/paper/176346/en
https://journals.srbiau.ac.ir/?_action=article&au=144907&_au=Mohsen++Adeli&lang=en
https://doi.org/10.30495/jest.2022.61099.5401

BV L e g (Fl

Raza, M. Y., Wu, R., & Lin, B. (2023). A decoupling process of Pakistan's
agriculture  sector:  Insights from energy and economic
perspectives. Eneray, 263, 125658.
https://doi.ora/10.1016/j.eneray.2022.125658

Rjoub, H., Odugbesan, J. A., Adebavo, T. S., & Wona, W. K. (2021).
Sustainability of the moderating role of financial development in the
determinants of environmental dearadation: evidence from
Turkey. Sustainability, 13(4), 1844. https://doi:10.3390/su13041844

Sakai, M., Brockway, P. E., Barrett, J. R., & Taylor, P. G. (2019).
Thermodynamic efficiency gains and their role as a key Zengine of
economic growth« Energies, 12(1), 110.
https://doi:10.3390/en12010110

Schandl, H., Hatfield-Dodds, S., Wiedmann, T., Geschke, A., Cai, Y., West,
J.. Newth, D., Baynes, T., Lenzen, M., & Owen, A. (2016). Decouplina
alobal environmental pressure and economic aqrowth: scenarios for
enerqy use, materials use and carbon emissions. Journal of cleaner
production, 132, 45-56. https://doi.ora/10.1016/j.iclepro.2015.06.100

Shah, K. U., Arjoon, S., & Rambocas, M. (2016). Aligning corporate social
responsibility with green economy development pathways in
developing countries. Sustainable Development, 24(4), 237-253.
https://doi.ora/10.1002/sd.1625

Shao, Q., & Rao, L. (2018). The rebound effect of dematerialization and
decouplina: a case of eneray efficiency. Chinese Journal of Population
Resources and Environment, 16(4), 299-313.
https://doi.org/10.1080/10042857.2018.1544755

Song, Y., Huang, J., Zhang, Y. & Wang, Z. (2019). Drivers of metal
consumption in China: an input-output structural decomposition
analysis. Resources Policy, 63, 101421.
https://doi.ora/10.1016/j.resourpol.2019.101421

Song, Y., Zhana, M., & Zhou, M. (2019). Study on the decouplina relationship
between CO2 emissions and economic development based on two-
dimensional decoupling theory: A case between China and the United
States. Ecological Indicators, 102, 230-236.
https://doi.ora/10.1016/j.ecolind.2019.02.044

Stern, D. I. (2004). Economic growth and energy. Encyclopedia of
eneray, 2(00147), 35-51. https://doi.org/10.1016/b0-12-176480-
x/00147-9

Tapio, P. (2005). Towards a theory of decoupling: dearees of decoupling in
the EU and the case of road traffic in Finland between 1970 and
2001. Transport policy, 12(2), 137-151.
https://doi.ora/10.1016/j.tranpol.2005.01.001

Szigeti, C., Toth, G., & Szabo, D. R. (2017). Decoupling—shifts in ecological
footprint intensity of nations in the last decade. Ecological Indicators,
72,111-117. https://doi.org/10.1016/j.ecolind.2016.07.034

Umurzakov, U., Mirzaev, B., Salahodjaev, R., Isaeva, A., & Tosheva, S.
(2020). Energy consumption and economic growth: Evidence from


http://dx.doi.org/10.3390/su13041844
http://dx.doi.org/10.3390/en12010110

VEY Olny | AV oyled | YA Jlo| 0101 oolasdl slaiags | £Y

post-communist countries. International Journal of Energy Economics
and Policy, 10(6), 59. https://doi:10.32479/ijeep.10003

Wang, H., Hashimoto, S., Yue, Q., Moriquchi, Y., & Lu, Z. (2013).
Decoupling analysis of four selected countries: China, Russia, Japan,
and the United States during 2000—2007. Journal of Industrial
Ecoloay, 17(4), 618-629. https://doi.ora/10.1111/jiec.12005

Wang, M., & Fena, C. (2019). Decoupling economic arowth from carbon
dioxide emissions in China's metal industrial sectors: A technological
and efficiency perspective. Science of The Total Environment, 691,
1173-1181. https://doi.ora/10.1016/j.scitotenv.2019.07.190

Wang, 0., & Zhana, F. (2021). The effects of trade openness on decoupling
carbon emissions from economic qrowth—evidence from 182
countries. Journal of cleaner production, 279, 123838.
https://doi.org/10.1016/j.jclepro.2020.123838

Wang, Z., Asghar, M. M., Zaidi, S. A. H., Nawaz, K., Wang, B., Zhao, W., &
Xu, F. (2020). The dynamic relationship between economic growth and
life expectancy: Contradictory role of energy consumption and
financial development in Pakistan. Structural Change and Economic
Dynamics, 53, 257-266. https://doi.ora/10.1016/i.strueco.2020.03.004

Wang, F., & Zhang, Z. (2022). Decoupling economic growth from energy
consumption in top five eneray consumer economies: a technological
and urbanization perspective. Journal of Cleaner Production, 357,
131890. https://doi.org/10.1016/j.iclepro.2022.131890

Wang, O., & Su, M. (2020). Drivers of decoupling economic growth from
carbon emission—an empirical analysis of 192 countries using
decoupling model and decomposition method. Environmental Impact
Assessment Review, 81, 106356.
https://doi.org/10.1016/j.eiar.2019.106356

Wang, O., & Wanaq, S. (2020). Is eneray transition promoting the decoupling
economic growth from emission growth? Evidence from the 186
countries. Journal of Cleaner Production, 260, 120768.
https://doi.org/10.1016/j.iclepro.2020.120768

Ward, J. D., Sutton, P. C., Werner, A. D., Costanza, R., Mohr, S. H., &
Simmons, C. T. (2016). Is decoupling GDP growth from environmental
impact possible?. PloS one, 11(10), e0164733.
https://doi.ora/10.1371/journal.pone.0164733

Wu, Y., Zhu, Q., & Zhu, B. (2018). Comparisons of decoupling trends of
alobal economic growth and energy consumption between developed
and developing countries. Enerqgy Policy, 116, 30-38.
https://doi.ora/10.1016/j.enpol.2018.01.047

Wiesenthal, T., Leduc, G., Haeaeman, K., & Schwarz, H. G. (2012). Bottom-
up estimation of industrial and public R&D investment by technology
in support of policy-making: The case of selected low-carbon energy
technologies. Research Policy, 41(1), 116-131.
https://doi.org/10.1016/j.respol.2011.08.007


http://dx.doi.org/10.32479/ijeep.10003
https://doi.org/10.1111/jiec.12005

T L B g Fl

Yu, Y., Chen, D., Zhu, B., & Hu, S. (2013). Eco-efficiency trends in China,
1978-2010: Decoupling environmental pressure from economic
arowth. Ecoloaical indicators, 24, 177-184.
https://doi.ora/10.1016/j.ecolind.2012.06.007

Zheng, D., & Xie, D. (2019). Party organizations and corporate donations in
non-public enterprises. Journal of Financial Research, 9, 151-168.
http://www.iryi.ora.cn/EN/Y2019/V471/19/151

Zhang, K. M., & Wen, Z. G. (2008). Review and challenaes of policies of
environmental  protection and sustainable development in
China. Journal of environmental manacgement, 88(4), 1249-1261.
https://doi.ora/10.1016/i.jenvman.2007.06.019

Zhang, M., & Wana, W. (2013). Decouple indicators on the CO2 emission-
economic growth linkage: The Jianasu Province case. Ecological
Indicators, 32, 239-244. https://doi.org/10.1016/j.ecolind.2013.03.033

Zhang, Y., Nie, R., Shi, R. & Zhang, M. (2018). Measuring the capacity
utilization of the coal sector and its decoupling with economic growth
in Chinacs supply-side reform, Resources, Conservation and Recycling,
129, 314-325. https://doi.org/10.1016/j.resconrec.2016.09.022

Ziolo, M., Jednak, S., Savi¢, G. & Kragulj, D. (2020). Link between Energy
Efficiency and Sustainable Economic and Financial Development in
OECD Countries. Eneraies, 13(22), 5898.
https://doi.org/10.3390/en13225898

COVIYA Ol g3lass] sla i sz 553 48 am T 53 hole o 3 S5 g5 51 o a5 2001 5 ST
¥r_s

Iranian Journal of Economic Research is licensed under a Creative
Commons Attribution.NonCommercial 4.0 International License.


http://www.jryj.org.cn/EN/Y2019/V471/I9/151
https://doi.org/10.1016/j.jenvman.2007.06.019
https://doi.org/10.3390/en13225898

