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ABSTRACT In this study, the impact of solar and wind power generation on greenhouse gas (GHG) emissions was analyzed using
panel data from 16 metropolitan local governments, excluding Sejong City, between 2010 and 2021. The analysis was conducted
using a pooled mean group estimation model. The results indicated that a 1% increase in gross regional domestic product (GRDP) led
to a 4.256% increase in GHG emissions; however, once GRDP surpassed a certain threshold, the trend reversed, with emissions
decreasing by 0.585%. A 1% increase in energy consumption caused a 0.328% rise in GHG emissions. An increase of 1% in solar and
wind power generation resulted in a 0.041% and 0.119% decrease in GHG emissions, respectively. This suggests that solar power
generation would need to be increased by 24.39% to reduce GHG emissions by 1%, whereas wind power would need to be increased
by 8.4%. In essence, increasing wind power demonstrates an approximate 2.9-fold greater effectiveness in reducing GHG emissions
by 1% compared to increasing solar power.

Key words Greenhouse gas emissions(2] 7} 2~ vl &), Pooled mean group estimation(PMG 5=4), Solar power generation(Eff %33 &+
Z1), Wind power generation(33 2H74)

Nomenclature Subscript
V : wind speed, m/s WTGS : wind turbine generator system
D : rotor diameter, m LR :left, right
LME

1) Ph.D candidate,Global Convergence Management, Ajou University

2) Professor, Global Convergence Management, Ajou University A& 7l o] Jg-e 2 A AAIL] AR oA o
*Corresponding author: jykang@ajou.ac.kr A AFFs] 293t QXS A5 QItk, A= AT

Tel: +82-31-219-2910

Copyright (©) 2025 by the New & Renewable Energy
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



O|7|H - &

M
02

>
N
>
N
Nl
(o
B

o AL Aol A9 5
ABIA BELD olg 28

2 =20

243t —.—ZﬂOﬂ tofiale B Heh dAtel W& o7 A] &= A5k
Aol 5= Bl BRI A AAA &7t o] Rl Rkl &
= ‘il‘l} 201564 7| - HBFF o GAk= F3lo A A B
ey mta] A (Paris Agreement)ofAl= HE 7H59] Al 2o 2]
O B A SIS o)t 20 ol SR @e] BHE
R SRS 150 oL W R A F I A A 67 el A
A o822 OJEZ 0] &3l Pesaran et al,(1999)"2] PMG(pooled
A g WS ARERIE 2 I dH|olEE o]

N
o
koy
o
2o
rO
rfo
{127
N
[>
o
A
filo
4o
ot
B
2
1o
N
2
i

= Z

mean group)

& ]
o= B5kar 2023 ke IPCC 62F E.l_/\‘101] e =R gF w42 ol AIAIE dlolElof gl AJ7te] A%l
QI7te] Egofl ofgt 7| ¢ Hste] 743k 2 107 A Ao o é‘*é:% A H o & ZheKst 4= Ql7] wiZell, o=
g §l= oY 71 A 29 2 Ve 59 S 7% o E= AAE HlofE oA W 4= gl BYE o
o] Ueptar, @A) 247 vijE H 27 A&5EH Al ZH A5k S-S 4= Q= Aol ok iEES 5 &
7IU7HA] 1.5°C JRE 20 7o) w2 A4S 5] PMG 42 dsof tsfiAut SeH 7 53 6
o}, B35t ohE BE 34 Ale 2 A5 AR FUEE
ot Aol 4] At 23t EA9] sl AS gk 247} AoFsl= 71 oid =Mt g, A7) 24 Alaenk gk
2 35 olgrs itk 71| 34 Ao wEA] BhgE] A 7t FdehS Alekstar 1 9] AHI | =4 Al @
2 glom, oo what A oL 2] FAlof Al Al- A Aol U A o] Bak wiE ok 7 ohES 88ghtke S vt
Ao m o] M Hgho] G55 o] FofX| L it -2 Zch, webA 2 dats E84 Q0 2ATRA TS 9l 7|
Uats 27F 2A7FA 7H2 B3 (Nationally Determined AR AT BAOoZ PMG A4S o83t g
Contribution, NDC)E 2030 #i=A42| thH] 37%= 7 AZ Soto] gt S8 o] A7 e vlA
ok A0 & fello)] AEsinh. A= AET 15 = = 93-S 72 St
39 PSS fIote] thekel HofolA] AR T S 2 A A2 11 Aol A= T A A A E
71&olaL =T, Al- AR G2 3| E(renewable 2 Arel AdY Aol ApEA S AlAlskAL, 1T AZollA= A
portfolio standard, RPS)2} RE1002 H]&3H A1- A Ag o T A Ry ARG s d Ak of el ATttt 1V Aol
YA B S E B 247 7 AT i G A= g S o] A viEe) n|X= R
a3t 93 shar Qi of thgt AF A AukE A|AIstaL, vRAet vV Aol A= 4
ofof] what X Al- 2Pl A| @ 2A7FA FHSof| T = duE vo R 42 Aefskar HAA AA
o] ARAHA Al- Aol A] Hho] 2417kA F=of| 1] < Algsh| &2 gict
A= FEFoll ek A7} kA 28 =L Qlet, ZLejut
ofof] FHAH R A7F Al- AP A AA| LA
of st LA 715 EIHE BASI ], £4 2 AMsH o7
7EA8] BEA AES IR Al AU A E g A
o that AAFALS Al Lste] AR e olF) 7|2 E R A7 D5l el alo] AXHA] Q1F2] BAtehE
FEE= s F590o] et whebA] 2 Aqte] 542
S-2ubet Al Ao 2] o] M o 241 7FA v E o] v D) g T IHE AR EAE st A2 Ay
A QS AR AOI, o|F Slofo] Selufe 0z § L AIOLE SITE AU s UG el
d zjAoy ] WA H]59] 63, 9%7FFS Aok By 2) AIEAI9] 749 20108 ~2012 A GUjZAAL glolE| 7} A5}
(56.6%)7 2] (7. 39%)0] L4712 vjEo] ] o e il 1 71 S e S w1

ol Aol A Al LlEHA

2 - ZHoAX]



A XSl X HE

off e &5} ofufA] 4H], 2 e} o iA| S0l 24
A7F Al A
AL QU ol Aol 7éXﬂ 3T oA 4], 11
2|3l A A AT WS 2k BAE Esl=
A AR o %7}94 A 4T ol i A 4w 7]

TollAl= odA] 4H|9F WS
AYAHGNP) Ato]of Q1A #4153l nl=e] A A

o] oA &HE F71e] 7 FEekaithe QA
.o AFE Ao & A A ol | A &
Q2 Aqtol A HA A} ol A] 4xm] 7F 1w
Qlzsteiey.

3 A AAH o= A /\é%k’ﬂ 2 S e EA7L

o7}t EH A A At 2 @ ol TRt AF A
ok o A, ol g
(Environmental Kuznets Curve, EKC) 7HdE o]-&
71738 o}eh. FKC /ML & 7)) AAL 44
g} oA & © Hol axH|5HA| =L oo whel 2 @ ¢
0] ZIBATE, F7e] 25o] YA g 2N
B0 ol that Az 2 olat B HE e o R 31y
9 A7} e Atk Apolt, 2, uEe
= Ak 4% 2] Aol

[*]

2739] ol ofslErizt o
A AL Szzo] ALHA 33 2] o] fAHEC= Aol

EKCHA 4 43 B4 A ) e o

=1 E?ﬂﬂr 7 4377}11 Z4A| A=l 2] An|-3Hg
do| ATAS shte] myof ukgsto] BASE 4w o)
4= Ao gl 1200

B} 2ol AA Aol w2 ofjuiz] An|e] F77}
e dE STHIA Aolahs T 7oA Hloju, Al
Ao A] W] w2 24744 A7 avkE ZEof ¥t
gsto] A Hajo] W= Qlck 7ANEH @4 (2015)2

Tolaf Az AP 2] B o] CO, HljE] vl A= A
EAgE A}, Al AU R] o] 19% F7Fete] w)
2} 0.17%7 1k 7hghe B9t ® Saidi and Omri(2020)
£ 1571 8 Al Aol 2] B =7tol| el Al A Ayl
U2 @do] Co, HiE el u|R= FS B8k, Al A4
o 2] ¥ 3} CO, v E 7F 47121 QIFRIAIE B8R

(e

A

0:

mlo rjl

2A7IA ZE0l O|X|= SE 2 - Y F2E SHe= -

Eatg A, 712l o] EAFS el vl it P
Kim(2021)9] QA=toflxl= Al- Aol 2] of @=t=] dh o]
COy Hi& A7 AHE A% Axt, Al A g oflu A2k @2t
& WA 1% 57 22 0.2%8} 0.34%2] CO, vil&ETF A

A le Aer QOJEI ey,
ey o] A3 dAtollAl= A A —olldA] axH]-
Al- Ao 2] -2 @ ¢ 7H] FAS RIggRte]| Qloj
Al AR AA] FEAS ARSI wlzol Al Aol
] O‘]Z]X] ol—ol—

%
L
-

N
A
g
=
o
Mr ¢
1%
i)
2
2
2
ox
=2
i
R
1o
m].T.
r_>i
rjg

e
rro

>;
N

2 374 A} Holel A A ARt 34 2.9 7hel
A FAEE we A7t AaEoigiT) of Hof
0] 27]0iz Tyo] A AT o Ul AH)7 0.
ol WA= Gape FASH: B 2L wggd} B0
o] Al AAN A7 2 AlAeA Al u Sepe] Ao
350) 25 BT Gz AR A% ATES AA| 4%

3} oflul ] 2, 223t o]k @A Al A7} O, H

Zo] u)X| ke Ak o] A2a}a g} B34

B 04%‘: Apergis and Payne(2010)"**9] 1310 4] A}
2 5l 2gsto] 4] A4t A7)
27} ol TR S R

o= b

:ILOHHL 20219 & AR T F

[‘_ELﬁ



oN
A

O|7|H - &

0f

In GHG = oy + oy ln GRDP+ a,(In GRDP)* +a,ln EC
+aInSUN+ a;ln WIND + ¢ (1)

o7 M In GHGE iR 7] LAk wiEFe] el
271 3k ehiel, GrDP & ARAY 7] A
AL ollgich, B0 ARAY 7] o] Al
U SuNEE WIND = 2t g olRIo) 7] ek

% ¥ S Oulsie, e 93FS vehdch

o] QT Y FAUE BHEKC) 7HEE JoR
A5 AT AR g 2ol o URRY BA7E 2
sieka Zbgsteint, Mok A o= sk, 44 W
o] 7] BAOAIE A5 F3o0] vtof Sylo] 3 MEN

the 25 Z7b] B 2L ) uie] 3eq Bae)
o] AL Aol wret 325 F7ksHe el U
ERdeh, el A Aol M4Eo] A5 o] U 4
% ooz ol Folis Fulo] A4 AARTHE 37
BEo] o TS A Hol B 2 vzl 7t
x5 WAfo] el ek ofefat /b Avte) Ag

2 A5 o & 7t o U BAZE EA%tcta 7}
Aetch whebA A (A o3} ,9] = 247 ()3
H(-)2 £55 7H Z o2 dligE 4= 9ltka,)0,0,<0).
A A7l mhE ofluA] 4Hl9] Fhe AV HlES

=4
S7HZIE 7o) e B g, oufA] 4|9} 2A7EA uijE
7rolls Ao TAZE Addhs g 4= itk a,>0).
, BT 5 e A ollu x| HHYCR o]
Hel e 48| 9) Z7h= shAdm s
7h wiES ARekaL e ol e Y
2, 0, oy F(H)Y 55 7HE Ao= 4
E]'(oz4<0 ar<0),

(1) 2 2A7EA wiET T A4 W 7o) 7149l
74] UERH Ao|t}, Pesaran et al.(1999)2] PMG
F714%1 o+ wAIF drgraeo] wstol w
b1d o) 2ARE 4ug 245
A H7] S8 #B = Al o] Foj Aok sh=d], o] & 4
5171 fjste] 4 ()2 A47] 87 ZHll Al*Hautoregressive
distributed lag, ARDL) FEjQ] 4] (2)9} Zro| zjAe] &
2 9}

H
ro

Al

o=

p

L
T
)
tlo
ol
:?_l_‘l’

o
N
DS
o >
(7 2w
o
1>

el
N
= g

o

o >
é rx__l‘
_I.4
l‘{[‘
o

rlu -lgj' "

fol
B
i
o

4 - THolE K|

InGHG = E’yUlnGHGj, /+E5Uln)(,, R JET )

o714 InX, = Amuse] (4x1) WEQ 1nx, =
[InGRDP, (InGRDP)?*, InEC, InSUN. InWIND|Z
ofujsi, 6= A 1 adE UehliH, pe Hatol
0031 E4to] ool HRHel RES 1A 232
njgtct, 4] (2)9] @&} =4 (error—correction) HA-2 4]

(3)} o] AofHrt,

AlnGHG = p(InCO,  — oy —a 1nX)+ E A InGHG,

it—j

+26,/A1HX

iL,t—j

+0,+u (3)

4714 p = (1 fjgjl%) s, =— (jiociu/pi) ;

p
fy’:]' = Z Yim ]:17 27

m=j+1

5= XI] 15”,,, j=1, 2
m=j+

(B)oll A olrteieta wiEF} A ol B4

B IAE ulstal FA(2)E mHEes AR FEHE 2
ArEe 9714 BAS UehdH, Axk(ag) ] Zo] petq
+ AIC(Akaike Information Criterion) =gkl €]aljA4]
AR, p= 22 74 AlgE vehdiet, ole A9
0] Halo] whE 47| HF om0 24 K5 ofu|git,

3.2 AFEXt=
8-S 2 Aol A 2010W5E] 20214 712] A|EA]

S ARt 167 FAAAGEA o] AR wiERT}E o]
VEE Fe 8 e WAE EA43IAH. 167 FAAA]

Al AleEuAeh BARRIA, thrEe, HgY

Al BRG], HAAE A, S Al 5 670 FAA E

skete wheba] 1670 x]od 2 127 AA P S 23S &
192719] s d ol & ARESte] 42 skt 2
AR A O] A7FA vETF HlolEl = 2A7R TR



RHAE oA Al5-d= 2023 A<
2021) Al¥ A A3} gofE]
S AE =

=
ET;S

A XSl X HE

QA7LA HjZEH2010—
ato] ARgsHTE 7
EAA Z7EA L (KOSIS)S o)L

sto] 5300, ofu#] &H|EF HlolE= o U AIEAIA

o] Agahe
ERES P DEE!

Aofeuix] FA edmel Ao % of
ste] ARSI, Byt &

g WA A2 A=A e Al A A] AllE 2

Al A A g =

2} Aol q FEsert e

A AR FAEAZDKOSIOON AFFH A

Table 1. Description and source of usage variables
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Table 2. Descriptive statistics for used data

(a) GHG (Gg CO2—eq.)

GRDP (1,000,000)

80
60
40
20

0

op-weubuesbuoaky
op-%nqbuesbuoahy
op-weuejjoar
op-xnqe|joar
op-weubuoayobuny)
0p-3NgbuoaYIBUNYY
uombueg

166U0aAg

ues|n

uoafaeq

nibuemg

uoaydu]

nbaeq

uesng

|noas

SUN (MWh)

(b) GRDP
_..-.-..|I||||||

1.0
05
0.0

mnfer e "for
W op-weubuesbuoskg | op-weubuesbuosig
I op-yngbuesbuoakg . op-3ngbuesbuoakg
I op-weuejjoar B op-weuejoar
M op-ynqejjoer B op-1nqgejjosr
P op-weuBuoaydbuny)y | op-weubuoaydbuny)y
B op-¥ngbuoayabuny) | op-¥ngBuoayabuny)
W uombueg O = I uombueg
0 2
o W (66uoahg 1] = | 1Bbuoshg
o — =]
I e uesin [3) = | uesin
~ =
® uosleeg = | uoaleeq
Il
m nibuemg | nibuemg
uoaydu
B uoaydy L Ul
nbae,
W nbeeqg | a
| uesng
W uesng
| Inosg
B Inoss
g 8 g
8 ] & =° o = 5
nfer nfar

op-weubuesbuoakg
op-yngbuesbuoaig
op-weuejjoar
op-3nge|joar
op-weuBuoayabunyy
op-»nqbuoayosbuny)
uombueg

166uoahg

ves|n

uoaleeq

nibuemg

uoaydy]

nbaeq

uesng

|noas

Fig. 1. Data for each region during the analysis period
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