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ABSTRACT This study analyzed whether the diffusion of new and renewable energy contributed to mitigating emissions of various
air pollutants, including particulate matter, using panel econometric models. The theoretical foundation of such econometric models is
based on the Environmental Kuznets Curve (EKC) hypothesis, which assumes an inverted U-shaped relation between national income
and environmental pollution, as originally proposed by Grossman and Krueger. We examined whether there are inverted U-,
U-shaped, or N-shaped relations between national income and air pollution. We demonstrate that increases in new and renewable
energy significantly mitigated emissions of CO, NOx, and PM2.5. Additionally, we included NOx, SOx, PM10, and VOCs as
secondary emission sources of PM2.5 and found that emission of PM 10 resulted in the highest PM2.5 emissions, followed by NOx and
SOx emissions. The impact of new and renewable energy on air pollution varied across regions. Increase of new and renewable energy
in the Honam region significantly mitigated CO, NOx, and TSP emissions, while that in the Youngnam and metropolitan areas did not
significantly mitigate air pollution overall. There was a U-shaped relationship between air pollution and national income for CO, NOx,
PM2.5, and SOx, while an inverted N-shape was observed for PM10.

Key words New and renewable energy (A1 A A of J A]), Air pollutants(th 7] & &), PM2.5(Z 1] A A A]), Environmental Kuznets
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Fig. 1. N—shape EKC between pollution and national income
(Source: Alvarez—Herranza et al. (2017))

LARtolAX|S| 20| Th7 |2 HHE Mol DIXl= ST 24

o] e e A& TV = BAE on|gitt. Alvarez—
Herranza et al, (2017)*& o]o] ula} A=tofjA] <]
oNURI A&7, AT 715 5ol izt R&D &
A Aaskek s, ol Al 7

R 248 98 Ao A2} el Frle
=7t 4 TS o] udE )

g Akt 32 7)(Grossman and Kruger, 1995)17}
PM10(Particulate Matter), SOs(Sulfur Dioxide), BOD
(Biochemical Oxigen Demand), COD(Chemical Oxigen
Demand)E thA40 & EKC7} 2A3HS A54 0 & 45t
1A SR S| T QUL S o
o ol U Sl 37T e

#skerlol o8l eita) $ick. b2 OECDLU BUSE 2
HAT-E T 50| 27K et A0 2FE
She GUAY O LehoLt, AESos 22 413
olb NAE O R Lpebgeh, S-elutele] A9 UAHo] 2
Agtchs A7} Sl W, Ko7} B o
= A0R et A FaksE o
o7 AV olQol| aHARE

B rlo o

™
u)
2
o
H1
1o
iy
flo
:

B
il
o
N
Hu
M
o
)
32

=, A

o} Fols BEEY Fuiu A=A aclo] ey
Ao} e X ogfghg omi s &
5] uig ek, -5-4(2016)"72 5]t di7] @ A B
n 2= P 48] Hé %%iﬂl.%— WAz 7k
3HiL ol8 AR} A HAE, FUFIA, Aelgol ¥
oF ol oJsl g3t v, vE SAME @A 7]
ooulE AYRES Sl 2447 441 19
Ao A71Acme t7|e9EEE 0.3~0.53% A5t

SR 0RAY FREE HAATE Al g, T
[e)

- - = 3,6,18
Lok, AaalshE, ojdd, dAlsteral® S ¥l zho.

712 A=A FAlo|glou) A} 7|THs} S0 B
7} F A olilstERs BiZol] kS u|x| Qo] BA

jﬁ;
rhl
2
4
2
B
_{
o
>~
r;a
Hu
=
<t
2
oX
2

2020, 9 Vol.16, No.3 15



Uz kel 45, oilslia wiEgte] IAE B9
o}t 252 AAAUR|7} 2|4 7hset A Aol Efol
ks 2 WA} 89 Dogand} Seker(2016) %=
1980W5E 20126714 EU =710 o|Alsets ujZefm}
AR, v A A] AB|e} A5 42520] TAof] s
A, 252 AQAYAA] 4Hle] F7P7L ofakshekas
&S THAAIZIATE SHou ] 4nle] Z7ke ofils)
e &S STt 28-S WRIth B3 Balsalobre
et al.(2016)*2 v]33t of 2] MY ATELS A
S7PL AT 2 Fhdol A ARl JERE Rt A
< P,

Moorkens®} Dauwe(2019)*"'9] e7Lol| 4= EU 287}
w5 dFoR AU A] A AR A, A
A W, Aol ] =f FEo R RSt A
Ao e 2] Aol 7] @ FEA wiEol vzl FFS FAIS
A3}, 200530 B]3] 201510 NOx2}F SOy= A== &
7t fefeh Ao F4E9lct. 18y PM10, PM2.5,
VOC= S7Fohs A 0= YT oh, Aefu] A
AlEFo] 79- VOC BiEHS Aleletal HE wiEsko] Ha
Sh= A0 R Yepdth sho| Ao ] Wk Al £
ofofl A= S0, 5 At BE t7] ey B39 wiEH
o] Z7F5l3ict, T3 A4 7|uk AAY oz 7|&(anA), A
A 97 AR AR AR Q] A9, 7] o4 wiEe] 57
Sh= A0 & UERdT

-

3. &Y =¥ H ol

3.1 Ho|g| ¥ H

2 Aol o] 8H TlofE o] 7|7k HiET Vel w o
ARBFERAN(CO), AABHE(NO), BAEFE(SOx), S5+
HA(TSP), vAIHA|(PM10), $H7]13Ht=(VOC)&
2000~201541, Zu|HHX|(PM2,5)+= 2011~2015d0|t},
&5 o] 7 dAteta, daiias, SHAkeks, viAl
HA] @22 2005~2017d0|al, ZuA|HA= 2015~2017
ook, A o] 49 A AH["RE 2003~2017,

’

1) Moorkens and Dauwe(2019)2] d-tof 9Jshd NOXI} SOX 2] &
8 HiEYE oyA] Aaxolal, PMI0 H PM2, 5= A, 7P

16 Aol

A AR AP A] AAES 2005~2017W0] 1L, 74,
o, AZAA AFGA == 2006~2017, 120 2] AY
ARFEE 2005~2017Wd 0|t} Aol A4 AH|Z| &

N

v =2 4d,

A
o

Table 1. Definition of variables

Variable I . Number of
name Definition Unit observations
Per capita gross
grdp regional domestic 1,000WON 288
product
cpi Consumer price index | (2015=100) 288
density Population density person/km2 288
acoal Coal consumption 1,000ton 266
dcon Diesel consumption TOE 240
car Number of cars 10,000 288
nre Nev;fé ;l’fcnt?ffble TOE 208
Ratio of NRE to
nrer primary energy % 208
production
tplant N. %igi?;fort number 192
mplant N. Ofbilz?liizcmre number 192
cplant N. ofb?losril:;:ctlon number 192
bus N. of CNG Bus number 288
co CO emission ton 256
aco CO density ppm 208
ao Ozon density ppm 208
nox NOx emission ton 256
anox Density of NOx ppm 208
SOX SOx emission ton 256
asox SOx density ppm 208
tsp TSP emission ton 256
pmlO PM10 emission ton 256
apm PMIO density 1g/m’ 208
pm2.5 PM2.5 emission ton 80
aupm PM2.5 density pg/m’ 48
voc VOC emission ton 256
rain Precipitation mm 288
temp Temperature °C 288
wind Wind speed m/s 288

W % A, H71E &7 E EY, Belol, Blolo] 9 & uf
9 7e {39 Qg ExlolA Ay wiEEch E3F s, A
Ao g WAlsle WX, Z7FRE A5 A Q1 sfEHolt, gk 23}
B A= SO,, NOx, NH; % VOCs@} tf7] % sFahaks-of oJs)
FAEE VoCe 2 Ay Absat w71 7kA 5 A Sk
o] ufZ-olrt,



Table 2. Technical statistics of variables
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Table 3. Source of variables

Variable Mean g?ﬁgﬁgﬁ Minimum Maximum VETTEIREE Solic
d http://kosis,. kr/statHtml/statHtml, do?orgld=10
grdp 23,640 | 10,729 8,953 64,410 grap 1&tblId=DT 1C51&conn _path=13"
cpi 86.71 11,70 65,45 103,62 http://kosis kr/statHtml/statHtml do?orgId=10
0
density 2,962 3,943 89 16,758 bop 1&tblId=DT 1YL4201&conn path=13""
acoal 688 976 1 4,227 i http://kosis,. kr/statHtml/statHtml, do?orgld=10
i y
deon 9,035 7,042 1,186 40,591 1&tblId=DT 1J17136&conn J;)ath=13wJ
car 110 105 16 746 Bureau of Statistics Future population
nre 557,665 604,582 98,006 3,929,557 density prediction : 2OI_15—2O45J E M1n1.st1'"y ofm
1720 L 5a7 0179 o7 769 land&transport 'Geographic statistics)
nrer . . . .
acoal KESIS Regional annual energy statistics 2018
tplant 22,563 24,296 5,215 95,147 —_—
P lan . 23' s 25' o1 2‘067 130’ . deon (http://www, kesis, net/sub/sub_0003,jsp) (52]
mplan N y s )
pl : 7 089 6001 L9139 98 854 car http://kosis, kr/statHtml/statHtml, do?orgld=11
cpan : : ’ . 6&tblId=DT MLTM 5498&conn path=I3""
bus 141 232 0 1,574
: nre http://kosis, kr/statHtml/statHtml do?orgld=33
co 48,133 | 37,138 7,566 | 193,907 rer 7&tbITA=TX 33701 A0O5&conn path=I3""
24 1
aco 0.5245 0,1088 0.3 0.88 tplant
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_ _1al29]
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u
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p s s s ’
apm 48.6519 | 6.3594 33 68.36 pm2.5, voc
rain
pm2.5 4,893 5,802 318 24,306 tom (https://data. kma, go kr/climate/StatisticsDivis
aupm 25,3737 2.8803 20.8 35 : P ion/selectStatisticsDivision,do?pgmNo=158)[36]
voc 52,051 38,218 4,919 188,801 wind
rain 1,339 336 652 2,475
temp 13.44 1.35 11,04 17,10 1;]_ ?—iﬂ;ﬁ,]?_ _7;~_X Eaél_‘% I:]—-%jq— @—]‘4—
wind 3.19 1,44 1.48 7.98
InAP,, = o, +a,n GRDP,, +a,ln GRDF,,
TR, AdE, TR, AR SR, HATEAH +a,InGRDP,, +ayIn I,

2~ B, 8 gloJE 2] 7|7k 2000~
2017\o]}, T3k o] ALEE WE HlojEl= 167) A%
o ) eolejolet, AlEAIS] S St Felo] Hlole]
o] A e SISk 7H s d 7|2 A Aol &

ZJ= Table 1~39] AA|3] LYeht ok

A, 1, F4

’

32 3% 2%

AR A7 Ti7]. 9.9 vl vl AL ake RAls)
7] $JaA Ao A widE Ao %] AAKTOE)
I QoA Hhu] AR A A FOR gl

+agln DENSITY,,

+a,In DCON;, + an ACOAL,,
+aylnBUS,

+alnCAR; , + o InNRE, ,
+ay,InNRE, *InGRDP,,
+ayInNRE, * D, +a, In WIND,,
+aInRAIN, +aln TEMP,, +e,,

i=167 AIE =, k=S zﬂu, A=), TE

AL, I A7), HFdAd+, A5, F2FEFA =
AF 7:”:.*) j=CO, TSP(H]AHZ] AH|2)), NOx, SOx, VOC,
PM10, PM2, 5(H[AHHZA] A £]) (1

2020, 9 Vol.16, No.3 17



o714 AP= FERISRA 7| edEdd s, A
42l GRDP= A QZAPAIN, Cli= MR E7HA] 4,
DENSITYZ QI3 %E DCONLS A-g-AH|Z ACOALS
et Ry, BUSE HA7FAHA Byt CAR: A
A 554, NRE= A A8oIAA] A, D= dY
H TluHE, WIND= A%+ 55, RAINS S%+ 7<=
&, TEMP= A%Bwt7| 25 Uehdt}, 3ol AR R
0] A=

MRS BOge HORHN 7} 4

234 BAR A2
zaém B P,
A 7 7] 0GB 0] ujEy ubgeko]
Ukt 22 glojele] o] ARElofof 3 Holt}.
3 = AuRigol A Alelsteid], BE o
719 GE el et AL GO Gloret. ol %
2 FEA] 2T o7 0GB e Hhgte] waolL}

A71el aet xofs ofgfo] Hetxy] tEel Ao Bal
o, wheb] Aekstepade il ek dnlzom i)
sheick

5\—“]7\} 7= AXARSoL, @
&35 Uetlle Aelm, A4t &

g, A, AxdAS,
A7k A Hgtias, Al
YA A| AAF(AYAS), ALY oA A] A4tk (A8 AT
H]|Z) 2} 33 Tfm] o] wApgl HH%XVLS— , o5, A
% 57| PR 2 ek 0] e
kel

E
11
mo
1o
2
24
_Ort
)
_1
N
:|o
_O‘L
H
O
1o
ﬂ.l2
24
)

o M
( _1>,
N

ﬁ\—‘ﬂlzlﬁﬂxl—rﬂ %‘—Eﬁi—‘ ﬁ\—‘ﬂl7 F 50137 I cq1_£o1] 29
T gad Zos B,

Alvarez—Herranz et al,(2017)*"'9] &tof| = A
o] aH|ZT o] W 7| e¢azo] nAHFIE BA
5t7] S8l AR vl dJAg=is-44HGDP)
O] wARRE EFAIA 2=, ol AlUAIZE

7Y d7| L EEAE HAskE BTE ATl

18  AxHdollLX|

F

(suppressor effect or dampening effect)& &

oz Ay Qv Hrl gdutyoz=
(moderator variable)2}ilE: &P TAlQ] thilo] =
=0} F&m2=0] Ao QlojA] = 7|(magnitude)
ol QS BlAAS B 919 AR
A A AN T A

om;

AR A

oA 4 o 1.
i)

rlr
o r
=2 o°*'

_ﬂFL

o 2345 SRl 71491 42 22, AR
AR E v W] et setlel2] o, 0] 9] 2

2%
A5H(GLS) & 4 oﬁkziﬂr. 2 Ao A ARESE s AR
ofli= o AL oA A, AAIE ARAIE A
A} 246k A o® Uehgt) . o]E ¢Jal] Wooldridge
F-testE o|-8§3to] AlAE 13} 27|14 HdS 353
olEAHd A 517) $J8l Modified Wald testE 2]
el A% An mE g7 e GEH WiERo)A 1
2} A7) o] ek, HE 7] 9 PEA wiE R
Al ol FAHY EAI7E EAekE A o= UERth

s glojEjof] A7t oA IRt EARIcHE wid 1y
5 B FERY BYS A83to] AAT 4= QAT A

M
o
olN
Ol

A

Table 4. AR(1) test results

Model | InCO | InNOx | InSOx | InTSP | InPM | InUPM | InVOC

F(1,14)|18.797[20.780| 8,950 |10.536 |22.944 | 24.192 | 28.853

PryF | 0.001 | 0.000 | 0.010 | 0.006 | 0.000 | 0,000 | 0.000

Table 5. Heteroskedasticity test results

INCO | InNOx | InSOx | InTSP | InPM | InUPM | InVOC

chi2(15) | 428,940 | 75,500 | 229.920 |112,000| 75,590 | 209.130 | 469,250

Probychi2| 0,000 | 0.000 | 0.000 | 0,000 | 0.000 | 0.000 | 0.000

2) BA 2y A9 EHA(unbiasedness) X A-g4d(efficiency)
Ao & tfEEA4 (multicollinearity) 7:'1‘? 2 213l VIF(Variance
Inflation Factor) HIAEZ} HR3HH, E Lo A= Al A
32 AAHGRDP) €] A, ol Akl wE Zeelo] ol
A VIF7} 102 Y=t} T8t A EKC 7M7) GRDPo| T
3 A ERSINE RN BAL oA srou], A
A AeelA e thsgAde] AashAl g 3 FolA 2A
EA7F YA ¢=thal Bl (Guzarati, 2003).
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Table 6. Estimation resutls for panel GLS (NRE production)—1
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Table 7. Estimation resutls for panel GLS (NRE production)—2

Variable InSOx InTSP
Ingrdp -16.06" (6.174) —3.440"(1,950)
Ingrdp2 0,788 (0.334)

Inci -3.065  (0.797) 0.167(0,739)
Inacoal "(0.030) 0,285 (0.060)
Indensity -0.374"7(0,092) ~0,041(0,103)
Indcon 0.256(0.267) 0,809 (0.162)
Inbus 0.010(0,029) ~0,106(0,075)
Incar 0.309(0.305)

Innre —0.617(1.391) —2.587(1.577)
Innre_grdp 0.068(0,134) 0,293°(0.152)
Inwind 0,932 (0.185)
Intemp —0.393(0.560) 2.7197(1.335)
Inrain ~0.044(0,077) ~0.576 (0,232)

Innrehonam 0.003(0,016) ~0.054"(0,020)
Innresudokwon 0.029(0.036) —0,010(0,037)
Innredaekyung 0.011(0.016) —0.018(0,014)
Innrebukyung 0.10277(0,018) —0.003(0,021)

constant 102,455 (29.65) | 26.325(19.476)

Notes: s.e is given in the bracket respectively; “ 7 show

significance at 10%, 5%, 1% respectively,

Variable InCO INNOXx
Ingrdp 6,963 (1,868) —6.183 (3.212) Table 8. Estimation resutls for panel GLS (NRE production)—3
Ingrdp2 0.263" (0.104) 0.213(0.177) _
Variable InPM10 InPM2.5 InVOC
Inci —2.83477(0,271 ~1,984"7(0,339
nel : (©0.271) : ( 339 Ingrdp | —332.883'(187.947) | 25,471 (7.120) | 0.098(0,622)
Inacoal 0,017(0.014) 0,058 (o 015) Ingrdp? 32,247 (18,403) | -4.580  (1,228)
Indensity ~0,030(0,028) -0,180" (0,038) nci Z0.317(0.689) 20.9737 (0 24)
Indcon —0.051(0,083) 0.386  (0.109) Inacoal 0.2127"(0.051) | 0.159"7(0,045) | -0.007(0.015)
Inbus 0.006(0,018) -0.017(0.016) Indensity -0,009(0.085) | —0.103(0.102) |-0.095""(0.03)
Incar 0,948"(0.085) 0,584 7(0.119) Indcon 0.84277(0.141) | 1.365 (0.283) | 0.608 " (0,055)
Innre -1.71977(0.510) | —1.830"(0.641) Inbus -0,022(0,056) 0.017(0,015)
Innre grdp 0.174"7(0.050) 0.18177(0,063) Innre ~1.849(1.695) | —4.545 (2.366) | —0.581(0.51)
Inwind 0.328"(0.044) 0.505""(0.064) Innre grdp 0.213(0,166) 0,44{_:(.0_229) 0.066(0.049)
Intemp 0.076(0,322) —0.036(0,284) Inwind 0.68977(0.159) | 1.292"7(0.165) 0179 (0.06)
Inrain 0.150"(0.056) 0.040(0,039) Intemp 1.47611.026) 0.590 (0.282)
Inrai ~0,305(0,169 -0.200(0,135) | 0,042(0,040
Innrehonam -0.031"7(0.005) | -0,025""(0.006) e 305 (0.169) .2000.185) | 0.042(0.040)
Innrehonam | —0.038(0,016) | —0,021°(0,012) |0.023"(0.006)
Innresudokwon —0.008(0,009) 0.009(0,012)
- Innresudokwon| —0,022(0,031) —0,039 (0,023) | 0.059 (0.010)
Innredackyung | —0.009 (0.005) | 0. 0195 (0,007 Innredaekyung| -0,008(0,012) | 0,000(0,016) |0,029" (0,007)
Innrebukyung —0.018 (0.005) 0.017. (O 008) Innrebukyung | =0,001(0,017) | —0,009(0,016) | 0,038 (0.007)
Notes: s e is given in the bracket respectively; % ™ show Inmplant 0.076(0,247)
significance at 10%, 5%, 1% respectively. constant | 1146.85(636.4) | (dropped) | 7.564(6.253)

3) AR 29 UHHAO R AFGSHe T T et o st
Bax By Ags) ) HeLor A= ik ek

Notes: s.e is given in the bracket respectively;

significance at 10%, 5%, 1% respectively,
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= OXQ} VOCE A&t BE t7| e Qulj&
5:144 7S pM2. 50 Auk L-0]5hH A
O = et ERE o E2 00, NOx
2= 210 Uil g7 9

o} A H9] Ul 45 ’\Z(GRDP)L} q}ﬂgduﬂgam
9] AR, CO, SOx9] - o|&Fo] ¥ 7k
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CREES

- Ke)
745 Al x
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1_]_- = R
3% AH]%H(acoal) Ik EH7l H%—’r—’éﬂo TAE A

A Fofgt ko %}\—% Zl't AO2 Yyl Qlyd:
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Zh= Ao g yeigtet, dFEr wees Hu 8
Hog oY)z} 2H|Ecks Ao ajAE 4= gk AG
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szl ofal ol o) B8 2 ACR Ukt
g, o= A 2 S7PF e di7|ed=2 bl
= 57l ¥ nHT= Ao® & 4 ok AsA 5
Ftfg(car)= CO, NOxo|l thaf o3t 9] 4k 2= A

20 Aol x|

o= Uehth
7|19/ 7he-t] F<45(wind)> CO, NOx, SOx, TSP,
PM10, PM2, 5041 f-2J3F ¢F2] g5 X 31aL, voce] tisf
Ae Folt 59 32 Holth E3t 7]2(temp)-> TSP,
VOCo]| thsial= ot kol gk UEhaL, g (rain)
& cooll taljAl= f-ofst o] 7S UL TSP, PM10
off thaliA Folgh 52 2k UErt

AR A Ak il AU A] HIFo= A

3 2R AT AReIIA] Qe TjEow
245 w3} vlmsle] 24 Akt theAS Bkl
Sl (Table 9~11), 74 Az}, Axloi=] diu] ALY

A1) 1% Werlaren) 7} RoliA ) 318 2 4
+ 0O, NOx, PM2 5004 WEpgtt, Aol 4] vlg}
ol AE4Z9] wxSKnrer grdp)?] -9 CO, NOx,
PM2, 50|14 f-&fshH, oFe] gk 2he A o= vyt o
ehA] AAAOIUA] AAto] et mjolAle] Sy ATier

Table 9. Estimation resutls for panel GLS (NRE ratio)—1

Variable InCO INNOx
Ingrdp —11.87477(1,932) —7.827"(2.990)
Ingrdp2 0.608"7(0.094) 0.40177(0.147)
Inci —2.785 " (0,255) —2.230 " (0,346)
Inacoal 0.022°(0,012) 0,045 (0.014)
Indensity —0,040 (0,024) —0,158"(0,031)
Indcon ~0.088(0,088) 0,386 (0.106)
Inbus ~0.003(0,019) ~0.017(0,016)
Incar 1,010 (0,085) 0.630 " (0.113)
nrer —57.989"(20,495) | —57.744"(23.22)
nrer grdp 5.818 " (2.022) 5.747 (2.287)
Inwind 0,289 (0,046) 0,459 (0,070)
Intemp ~0,194(0,261) ~0,118(0,265)
Inrain 0.091'(0,054) 0.048(0,039)
nrerhonam —7.346"(1.637) —5.587 (1.622)
nrersudokwon —2.127(2.129) —0.766(2.653)
nrerdaekyung —0.985(1,246) —1.295(1.670)
nrerbukyung —7.045"(2.159) 6, 784**(3 246)
constant 76,940 (9.799) 53, 199 (14 54)
Notes: s.e is given in the bracket respectlvely, X ™ show

significance at 10%, 5%, 1% respectively,



Table 10. Estimation resutls for panel GLS (NRE ratio)—2

Variable InSOx INTSP
Ingrdp -13.721" (5.876) 0,958 (0,348)
Ingrdp2 0.727"(0.287)
Inci —2.0417(0,827) ~0.028(0,888)
Inacoal 0,119 (0,031) 0.323"7(0.063)
Indensity -0.332"7(0.077) —0.137(0.086)
Indcon 0,788 (0.291) 0,884 (0.225)
Inbus 0.021(0,028) ~0.068(0,073)
Incar —0,142(0,284)
nrer 36.570(49,864) 3.970(82.050)
nrer_grdp —4.141(4.,901) 0.088(8.084)
Inwind - 0,701 (0,288)
Intemp —0.797(0.572) 4,750 (1.174)
Inrain —0.015(0.086) -
nrerhonam 2.467(4.819) —14.087°(7.381)
nrersudokwon —4.592(6.462) 9.980(11,237)
nrerdaekyung 2.944(2.993) 1,582(4.295)
nrerbukyung 25,787 (6.298) —3.258(10.646)
constant 80,393 (29.66) | —22.467 (5.44)

Notes: s.e is given in the bracket respectively;

significance at 10%, 5%, 1% respectively.
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Table 11. Estimation resutls for panel GLS (NRE ratio)—3

Variable InPM10

InPM2 ©

InVOC

Ingrdp | —685 823***(211 622)

29,767 (4.721)

0.750" (0,111)

Ingrdp2 66,721 (20 671)

5,812 (0,898)

Inci 0,032(0,822) - -1.0147(0.251)
Inacoal 0.202°(0,055) | 0.17377(0,033) | —0,019(0,014)
Indensity ~0,066(0,076) -0.281"°(0.083) | 0.002(0.027)
Indcon 1,385 (0.196) 1,07377(0.320) | 0.764"(0,060)
Inbus 0,009(0,050) - 0.030(0,016)
nrer 92.991(77.198) | ~131,945'(67.684) | —6.157(24.325)
nrer grdp ~8,901(7.595) 12 523"“(6 631) | 0,479(2,385)
Inwind 0987 (0.141) | 0,054(0,060)
Intemp 2,057 (0,954) - 0.448(0,259)

Inrain -0,292'(0,159)

-0.3317(0.129)

0,025(0,044)

nrerhonam —1.674(6,218) —-3.862(3.214) 2.642(1.7118)
nrersudokwon | 18,767 (8.977) | 10,052  (4.837) | 7.393" (2,563)
nrerdackyung | 1,964(3,639) -2.266(3.173) | 2 929*(1 710)
nrerbukyung | —5.563(8.408) | —11.610"(5.207) | 12.470 " (2.702)
Ingrdp3 -2.1577(0.672) | 0.282(0,043) -
Inmplant 0.266(0,228) -
constant  |2,334.930  (720,214) - -0,594(1.558)
Notes: s.e is given in the bracket respectively; "7 show

significance at 10%, 5%, 1% respectively,

)
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ol gofat ool g et
PM10, VOCO| 8l 2l ko] ghe e, 744
H(rain)& OO thalA Folg ool zhe heha
PMI0, PM2.50] TjslA] Solg £0 ghe tehiet, 7]
FHSEE ARl A AN B g ATiel fAle}
At

FESF 7]-2(temp)S TSP,

4.3 =0IMHX| g 2™ cist 7t 2

ZO|AEA] ] 75 A viEE vhohu et 7]E 7]
E4o] 7] FollA Ao Akgsto] 22H48] ZrNHAE B
A7 Ao defA Qltk, webs] & Aol Zu|
AH] o] Tt vjE 29102 SOy, NOx, PM10, NH(H
Yo}, VOCE 1 &5}o] 2574 31tt Table 12+= PM2.5
(A1A B R] ABated) Bk PM2, 5(AIAE A A HZ)
3 vlasigict, A Ao A Ak 7EoRe
7)1 e ¢gE2 712 SOx, PM10, NH7} PM2.59] 22} AY

Table 12, Estimation results for PM2.5 with second emission

sources
vareile (NRE ry)ar?ozc.hsjction) (nglrinzr:tio)
InNOx 0.146(0,123) 0,246 (0,129)
InSOx 0,152 ””(0 048) 0.096" (0,049)
InPM10 0.534"7(0,025) 0.520 ””(0 025)
InNH 0.113"7(0.034) 0,167 (0.043)
InvOC -0 054(0 081) ~0.075(0,081)
InGRDP 11,036 (2.468) 7.884 7 (2,449)
InGRDP2 ~1.729 (0, 446) ~1,503"7(0,473)
InGRDP3 0.062"(0.021) 0.070""(0,023)
Inacoal 0.053"(0,015) 0.078"7(0.014)
Indcon 0.219'(0,119) 0.027(0,133)
Inbus 0.041°(0,022) 0.027(0,024)
nrer ~84.056  (28,530)
nrer grdp - 7.986 (2.781)
Inwind 0,258 (0,075) 0.197 7 (0.072)
Intemp ~0,341(0,274) ~0.156(0,281)
Inrain 0.073(0,061) 0.021(0, 060)
Innre -3.74877(0.682) -
Innre grdp 0.360"(0.066) -

note: s.e is given in the bracket respectively; o p<0.01,

7 p<0.05, " pd0.1
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Table 13. Income turning points for various pollutants (Unit:

1,000 KRW)

pollutant InCO INNOx | InSOx | InPM10 | InPM2.5

Income | grdpl | 17,454 | 17,465 | 12,529 | 52,722 30

turning

point grdp2 - - - 17,099 | 30,950
I ted

Curve type | U—shape | U-shape | U-shape nverte N—shape
N-—shape

Note: Fist turning point for PM2 5 was estimated as 30,000
KRW which is very small relative to other pollutants
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Fig. 2. Net effects of new and renewable energy production
on air pollution (%)
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