ISSN 1738-3935 (Print)
New & Renewable Energy ISSN 2713-9999 (Online)
https://doi.org/10.7849/ksnre.2020.0013

Lixidof|l-ix|e] =kito] Ch7 1LY S XZof|
Djxl= Jet 24

e - Mg

o=

Jeong Hwan Bae" - Seo Rim Jungz)

Received 18 May 2020 Revised 5 June 2020 Accepted 17 June 2020 Published online 7 September 2020

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 PM10 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] & & E2), PM2.5(Z 1] A A A]), Environmental Kuznets
curve(¥74 F2Y 2T A)
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Fig. 1. N—shape EKC between pollution and national income
(Source: Alvarez—Herranza et al. (2017))
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Table 1. Definition of variables

Variable I . Number of
name Definition Unit observations
Per capita gross
grdp regional domestic 1000WON 288
product
cpi Consumer price index | (2015=100) 288
density Population density person/km2 288
acoal Coal consumption 1000ton 266
dcon Diesel consumption TOE 240
car Number of cars 10000 288
nre Nef;gﬁﬁble TOE 208
Ratio of NRE to
nrer primary energy % 208
production
tplant N. Zigif:s;)ort number 192
mplant N. Ofbil:;iizcmre number 192
cplant N. Ofb?los?rslg;;cmon 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
pml10 PM10 emission ton 256
apm PMI0 density 1g/m’ 208
pm2.5 PM2.5 emission ton 80
aupm PM2.5 density rg/m’ 48
voc VOC emission ton 256
rain Precipitation mm 288
temp Temperature °C 288
wind Wind speed m/s 288

W % A, 171 &4 E FY, BEeElola, Blolo] Y & uf
9 7e {39 Qg ExlolA Ay wiEEch E3F S, A
Ao g WAlstE WX, Z7FRE A5 Al sfEHol, g 23}
O] M A= S02, NOx, NH3 % VOCs} t7] & 3}ahut-gof oJsf
FAE VoCe 2 Ay Absat vi717kA 5 A Sk
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Table 2. Technical statistics of variables
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Table 3. Source of variables

Variable Mean gteavri\g:(r)i Minimum Maximum VRIS Slic
4 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?orgld=10
0
density 2,962 3,943 89 16,758 bop 1&tblId=DT 1YL4201&conn path=13""
acoal 688 976 1 4,227 c' http://kosis, kr/statHtml/statHtml, do?orgld=10
1 .
deon 9.035 7.042 1,186 40,591 1&tblId=DT 1J17136&conn_path=I3""
car 110 105 16 746 Bureau of Statistics Future population
nre 557,665 604,582 98,006 3,929,557 density prediction : 20r15—2045J E M1m.st1'"y Of[31]
2720 e 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' - 25’ o1 2,067 130’ - deon (http://www, kesis, net/sub/sub_0003. jsp) (52]
m an ’ ’ il 9
pl : 7 089 6 011 o1 98 854 car http://kosis, kr/statHtml/statHtml, do?orgld=11
cran : : d . 6&tblId=DT MLTM 5498&conn path=I3""
bus 141 232 0 1,574
u : nre http://kosis, kr/statHtml/statHtml, do?orgld=33
co 48,133 37,138 7,566 | 193,907 rer 7&tbITA=TX 33701 AOO5&conn path=I3""
24 1
aco 0.5245 0.1088 0.3 0.88 tplant
ao 0.0263 0.0056 0.02 0.04 mplanit http://kosis. kr/statHtml/statHtml, do?orgld=10
_ _1al29]
nox 727 489 49! 761 9’ 568 234, 958 7Cp1ant l&thd—DT_lY]_Q0831&00111’1_})211;11—13
anox 0.0206 0.0061 0.01 0.04 - http://kosis, kr/statHtml /statHtml, do?orgld=10
U S
Sox 26,427 | 24,836 349 103,959 6&tb11d=DT 106N 17 000004&conn_path=I3""
asox | 00053 | 00050 0 0.01 J—
ts 10,012 15,763 362 104,748 t;
mlpO 6180 5 010 - 16195 S(;};l g P, https://www,data, go, kr/main, jsp#/L21haW4:[34]
D 5 s 5 ’
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 9,475
temp 13,44 1.35 11,04 17.10 o} Mol 2w theg) g}
wind 3.19 1.44 1.48 7.98
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Table 4. AR(1) test results

Model | InCO | INNOX | InSOX | InTSP | InPM | InUPM | InVOC

F(1,14)|18.797120.780| 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) BAF B3 =4 o] A (unbiasedness) U &84 (efficiency) %
A _E CRg44 (multicollinearity) 76‘?% &l VIF(Variance
Inflation Factor) HIAEZF Qs B AtofA= ol X
A ZAJAHGRDP) 9] YA, o)A, *‘XWLO] L 32| o] glof
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Table 6. Estimation resutls for panel GLS (NRE production)—1

LARolAX|S] 20| Th7 |2 HHE Mol 0IXl= ST 24

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"(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 (O 185)
Intemp —0.393(0.560) 2,719 (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 0.102"7(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 INNOX
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 (0339
net : 0.271) . (0.339) 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) ot Z0.317(0.688) 0973 0,20
Indcon —0.051(0.083) 0.386" (0.109) Inacoal 0.21277(0,051) | 0,159 (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"(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""(0,050) 0.181™7(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) 0.056(0.049)
Intemp 0.076(0,322) —0.036(0,284) Inwind 0.6897(0.159) | 1.292"7(0.165) 0179 (0.06)
Inrain 0.150"(0.056) 0.040(0,039) Intemp 1.47611.026) 0.5% (0.282)

Inrai ~0.305(0,169) | —0.200(0.135) | 0,042(0,040
Innrehonam -0.031"(0.005) | -0.025""(0.006) e 305 (0.169) .2000.185) | 0.042(0.040)
Innrehonam | —0,0387(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 | 1,146.85 (636.4) | (dropped) | 7.564(6.253)

8) ARl A9 QurH o= g shd YA Byt sidet
B3} wPS g F5) Morork Al olsha) etk

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

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

e sk

show
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Table 11. Estimation resutls for panel GLS (NRE ratio)—3

Variable InPM10 InPM2 5 InVOC
Ingrdp | —685 823”“’“(211 622) | 29.767 (4.721) | 0,750 (0.111)
Ingrdp? 66,721 (20.67) | -5.812" (0.898) -

Inci 0,032(0,822) - -1.01477(0.251)
Inacoal 0,202°(0,05) | 0 173***(0 033) | —0,019(0,014)

Indensity ~0.0660.07%6) | 0, 28177°(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 -0.202(0.159) | -0.3317°(0.123) | 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(3173) | 2 929*(1 710)

nrerbukyung | —5.563(8.408) | —11.6107(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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oA frolgt & = Elth ESE 7](temp)> TSP,
PM10, VOCO| taliA= Fofet 2 gk UEhiaL

Z(rain)2 COO| HlaiAE 923t oF9] ZHe 1,].1:/}1;113_
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Yop, VOCE 11Ja}e] )54 319t Table 12 PM2.5
(A1A B R] ABated) Bk PM2, 5(AIAAEA A HZ)
3 vlasigict, A AR A Ak 7Eome
7)1 e gE2 712 SOx, PM10, NH7} PM2.59] 22} &Y

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

sources
vargile (NRE r;)arrnch:ILSJction) (nglrinzr:tio)
InNOX 0.146(0,123) 0.246'(0,129)
InSOX 0.152 '””(o 048) 0.096" (0,049)
InPM10 0.534"(0.025) 0.520 '””(o 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"7(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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2*3a,
&, (20y)° = 4%30,0, (3)
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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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