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ABSTRACT This study analyzed the short- and long-term effects of nuclear and renewable energy generation on CO, emissions in
Korea, Japan, and Germany from 1987 to 2016 by using the unit root test, Johansen cointegration test, and ARDL model. The unit root
test was performed, and the Johansen cointegration test showed cointegration relationships among variables. In the long run, in
Germany, the generation of both nuclear and renewable energy was found to affect CO, emission reduction, while South Korea’s
renewable energy generation, including hydropower, increased the emissions. Japan only showed significance in fossil fuels. In the
short run, in the three countries, the generation of nuclear and renewable energy, excluding hydropower, affected CO, emission.
However, in Korea and Germany, nuclear and renewable energy generation, respectively, affected CO emission reduction. Although
the rest are significant, the results showed that they increased CO, emissions.
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Table 1. Changes in Korea's Energy Policy

[] Stable and affordable supply of energy for
economic growth, people’s lives, and industrial
production

— For short—term effective quantitative growth,
the energy industry structure was a monopolistic
system of public enterprises and energy prices
were directly regulated by the government,

~1990s

[] Promotion of competition in the energy industry
— Minimized government intervention in the
market and allowed energy demand, supply
and prices to be determined in the market as
much as possible,

Early
2000

(] Sustainable development is the highest goal
while considering energy security, efficiency,
environment, and economic growth at the same
time as 3E of energy policy

— A global response to climate change and GHG
reduction policies have raised rapidly,

~2008
(primary
plan)

[J The 1st Basic Energy Plan (2008~2030)

— The core policy goal is “low carbon, green
growth,” and strive to achieve sustainability
in the energy industry and create new growth
engines for the country,

[] The 2nd Basic Energy Plan (2014~2035)
— Change energy policy from supply—oriented to
2008~ demand management, stable supply and demand,
2019 and harmonize stable supply and demand, and
promote energy policy with the people,

[J The 3rd Basic Energy Plan (2019—2040)

— The motto is to improve sustainable growth
and quality of life for the people through energy
conversion by creating a foundation to promote
energy supply, consumption, and industry
transformation and energy transformation,
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Fig. 1. Electricity generation (by fuel) in Korea (Unit: TWh)
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2012 | 2020 | 2030 | 2040 | 2050
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Table 3. Descriptive Statistics
Mean Std. Dev, Minimum Maximum
Korea Japan |Germany| Korea Japan |Germany| Korea Japan |Germany| Korea Japan |Germany
Cco2 8.72 8.76 10.24 2.28 0.55 1.11 4.05 7.08 8.88 12.45 9.59 12.78
GDP 15246 35822 32189 7521 6513 9561 3511 20745 16678 27811 48603 47960
TFG NG 6.54 7.19 6.19 2.92 0.87 0.40 1,80 5.06 5.27 10,51 8.36 6.66
TFG 4,29 5.46 4.40 2.15 1.00 0.18 0.86 3.53 414 7.61 7.53 4,74
NG 2.25 1,73 1.80 0.80 0.83 0.33 0.94 0.00 1,03 3.23 2.56 2.10
HG 0.07 0.66 0.25 0.02 0.06 0.02 0.04 0.53 0.20 0.11 0,78 0.31
RG 0.04 0.20 0.57 0.07 0.13 0.67 0.00 0.09 0.02 0,27 0.65 2.08
HRG 0,11 0.85 0.82 0.07 0.13 0.67 0.05 0.64 0.22 0.33 1.28 2.31
F1) AGoE AR QI COMlER, GDPY Tt 2H 2, MtCOy, 2 Q.
2) TFG_NG(HAH 3l SR As =), TFG(YAEE ALt AR =), NG, HG(S=8 W=, RG(AIAAE
UX) WP, HRG(=HGHRG)S OJn|3til o 59| B9l B TWhY),
Bank!D®! 2}2E-S 1sle] 217 =x5le] 25T Table 4. Trends of Variables (1987~2016)
Table 3& 2715 AHE3E] o]3lef AA==59] 71% EA oo InGDP
i wejach A ekl o0rids a0i0del 19 12 N
FAFE vl u) cha} ek, Ae] 59 HG7}0.04 / FR | M
TWh 7451900, GDP7}$24,097.26, COy7}8.40 MtCOs, / = \
NG7} 2.22 TWh, RG7} 0.27 TWh, TFG7} 6,49 TWh, /
TFG NG7]'871 IWh HRG7]- 023 I“’h 57]-6]—0:]]:]— OE]% W % %2 o % % 00 0 o 0 08 10 2 1| ’/33 9 9 4 9 98 00 02 04 06 08 10 12 14 16
9] Q- NG 1.39TWh 45131 01 GDP= $18,049.08, INTFG INTFG_NG
COo+=1,92 MtCOg, HGE= 0,02 TWh, RG+ 0,53 TWh, “ N “ —
HRG= 0,55 TWh, TFGE= 2,81 TWh, TFG NG 1,42 5 - 1 >
TWh Z7}5tlct. S9] 4% COy7t 8,85 MiCOy, TFG |
7} 0.31 TWh, TFG NG7} 1,10 TWh, HG7} 0,01 TWh, w .
NG7}0.79 TWh 4390, GDP= $25,421.41, HRG Loy S ol
L 2,03 TWh, RGE 2,04 TWh 27}t NG G
B AT A BEe] Aol Huse] 2 —
o © 04 /\\WF
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<, L AN SIS FHIE Hol AT £UL A ‘ (I e A
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9) Korean Statistical Information Service (KOSIS) Aol ;, R
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10) Al =7}e] CO, & ARS M-S : |
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Table 5. Results of the Unit root tests
ADF PP

Korea Japan Germany Korea Japan Germany

— Levels —2.92(0) -3.18(1) —2.75(1) —2.92(0) -3.56(0)* —2.92(2)
1st Differences —4,44(1)** =5 11(0)***% | =9,09(0)*** | —4,78(0)*** | —511(0)*¥** | —9,09(0)***

InGDP Levels -3.24(1) —-2.64(1) -1.97(0) -3.35(0)* -2.58(0) —-2.08(2)
1st Differences —4,54(1)** —3,86(1)** —4,82(0)*F*F | —4,81(0)*** —4,06(0)** —4,82(1)***

1nGDPY Levels -3.27()* —-2.69(1) -1,96(0) -3.25(1) —-2.54(0) —-2.06(2)
1st Differences —4,59(1)** —3,86(1)** —4,83(0)*FF* | —4 78(0)FH* —4,03(0)** —4,84(1)***

InTFG NG Levels ~1.480) —0.410) —~0.18(1) ~1.48(0) —0,41(0) ~1.00(0)
- 1st Differences =4, 74 | —6,81(0)FFF | =7.19(0)FF*F | —6,16(0)*** | —6.81(0)**F* | —7,19(0)***

Levels —-2.49(0) —4,90(2)*** —-2.18(0) —-2.49(0) -3.27(0)* —-2.16(1)
TG 1st Differences | —6,38(0)*** | —4.82(2)*** | —6,03(0)*** | —6,38(0)*** | —504(0)*** | —6,05(2)***

NG Levels —0,72(0) 0.71(2) -0,11(1) -0.72(1) -2.51(1) —0,90(0)
1st Differences —5,26(0)*** -3.03(2) —4,35(2)** —5,26(0)*** —4,24(2)** —17,29(0)***
InHG Levels —4,40(1)** —5,62(0)*** —3,92(0)** -4, 21(0)** —5,62(0)*** -3.92(0)**
1st Differences =5, 76()*** | —9.85(0)*** | —6,72(0)*** | —6,73(0)*** | —9.85(0)*** | —6, 72(0)*H*

InRG Levels -3.38()* -0,29(0) -1.82(2) —2.72(0) —-0.31(1) -1.17(0)
1st Differences —4.82(1)*** —5.12(0)*** -1.97Q0) —4. 84(0)*** —5.12(2)*** —3.68(2)**

— Levels —-0,23(2) —0.44(1) —3,20(0) —2.50(0) —2.20(0) -3.371()*
1st Differences —6, 14 | —8.84(0)*¥** | —521(0)*¥** | —7.30(0)*¥** | —8,84(0)*** | —5 21(0)***

1) % €010, **=p 0,05, ***1= p 0,01 oAl oIk
_‘:_

ol A g AR e,

o}, 3 AZHAH(InTFG, TFG NG)-S YA (InNG) ool Tl AR ARSI AIC 7)ol ostke] A
= EAZE o} A Aole o B ke A ARE AAsild F 7 dAE9] AF7FEI(Null
3] S7Fohs FAlOIATE Y- HitjE 37 § A= Hypothesis)> “A|A|B0] BQPY3ITY o]il SRl A]
FAE BT 54U TS B3l F HAasAE B = FgE4k(p—value)©] 0.01, 0.05, 0.1%t} & 74
o}, HAE YA HF(InNG) v B g2 Z71s) & QlojA] B AR 7| 26kA] HotIAIRE AR
© FAE YA 5Ye AEH 07 fisks FAE B SV sl te AFTHEE 7126kt whebA]
Fom Uro] 7L 2011 YHAL o] & FAF| At TRl AT s sl 1A} AR Foll= A
= FAIE Holo7t thA] S7sk= Al Siek. vhd AT 3|Esh= 1(1) Y& I3l

Ao 2| H=H(InHRG, InRG, InHG) 9] 75~ 42 ¥4 gHH, Table 62 o] XG0l A AAIRE 4] (1), 4] (2) L
F(nHG)= Al Yt 25 F71e} Aas Al WhEshA|RE 2]aL A](3)o] tisto] 23k FAE 4 (Johansen's
A A(InRG) &F =2 7 Aol %] b= cointegration test)e ATt IS HojErh Q3>

(INHRG)IAE Al Ul 55 37F5h 2418 Hel, AL A AL FHE SKrrank) 2] 47 00]
Table 5% 7} w450 obiAe] oiet ARMHOR  thE oulaleh, w104 St QEe Holw 17)e] 3
ADF 47} PP 24< ol83le] B9l AA(Unit Root 2% TA7} 9lehs 212 Selslglont 5o 49 s

°
Test) o] 2} HolErhy), AAd 42ES AESI07] AR 004 SISt Ueketh, sjek 2 ATolA

A=k 08' 15‘3} y 29}50*3 Fh oz A= ol
12) ADF = Augmented Dickey—Fuller ~ _

16 Aol



CO, HiZ, BHAHOLX], ARHHOAX| LFErntO| A EAL:

Table 6. Results of Johansen Cointegration test

fa,

L
Hi
e
I
I
e
fjo
4
0>
i

Hypothesized Model 1 Model 2 Model 3
No. of CE (s) Korea Japan Germany Korea Japan Germany Korea Japan Germany
0 105,42%%% | 84 42%%%* 75.67%% | 208 49%*F* | 218 51*** 19;1532 12*630 125*57 ll>18*25
69,82 69.82 69.82 125,62 125,62
(69.82) (69.82) (69.82) (125.62) (125.62) (125.62) (95.75) (95.75) (95.75)
1 55.79%* 50, 31%* 43,12 132, 59%*% | 151 11%%% | 139 96%** | 77 47%* 82, 59%** 69, 77**
(47.86) (47.86) (47.86) (95.75) (95.75) (95.75) (69.82) (69.82) (69.82)
9 24,94 23.55 17.35 80,81%* 101,00%** | 87 15%*%* 46,93%* 45.89* 38.00
(29.80) (29.80) (29.80) (69.82) (69.82) (69.82) (47.86) (47.86) (47.86)
3 7.31 5.83 5,24 48 57%* 58, 17**%* 48 54** 20,86 24,92 16,82
(15.49) (15.49) (15.49) (47.86) (47.86) (47.86) (29.80) (29.80) (29.80)
4 0.14 0.02 0.48 28.93% 25,13 19.27 10,37 9.03 4,82
(3.84) (3.84) (3.84) (29.80) (29.80) (29.80) (15.49) (15.49) (15.49)
5 10,41 8.76 5.71 0.29 0.25 0.08
(15.49) (15.49) (15.49) (3.84) (3.84) (3.84)
6 0.87 0.11 0.78
(3.84) (3.84) (3.84)
1) Trace} ()= AR G%)E Uerd
2) *£p<0.10, ¥*=p 0,05, ***=p 0,01 oA 2
5]
.

3) Johansen B AIC B2 SIC 7|220] oJ8)] & A|XE 12 A

A gL Hojw 47)e]

o
Ny

ok
2
AT
jaks)
oX
=2
N
P
o
o,
S
>
o2t
ot
w
N
X
B
lo
o>
=)
5
£

23 o] A9t ©7] 4 A3= Table 73} Table 83}
o}, choFst AJRE 112sle] ARDL 2ES 4% Ay} o
o gE = B 2] (1)9] 4 ARDL(2,2,2,2,2) (&

L e

3 1), 4 (29 4% ARDL(2,2,2,2,2,2,2) (X 2), 4|

(3)9] A< ARDL(2,2,2,2,2,2) (28 3)0] 243} rHs)

Table 7-> ARDL 39| A7|4 4 A5 Holx
3L 9k, A71H 07 S s A m IR InTFG) 2 5=
2} AR AP q A5 3l ARHInHRG) 0] 1% 78t
CO, HiZEFo] 22} 0.55%2} 0.12% S7F815ic), o) Al
PR = BEAS 3P CO,p M-S 314 B2 oJu|3t

13) ARDL(p,q)ollA] F<4420] A2z p, AEHFO] ARz g2 U
ERAT} AJR1S ARDL(2,2)S 7|20 43198 1] Automatic

Selectionoj| A= Mol 24t AI2HE 2-8-5H4] Sstal 09] &
© A7 AAA @714 AaelA WEe] gEol AR o
7] tigel He sl d3s 2] 93 (2,2) 24"
(fixed)& &8It

. 71k AAE, 81141(2016) ol oJahH Aol
A 7|2 AR o) vlaf vl A2 oFe) A7k
£ & 4= il AGe FolA= & 4= Stk 29
749k st AR WHR(InTFG) 0] 1% S571sHd CO. vi&E
FE 0.44% S7HN 7= A S E YERT shA|TE Y9
HAEEA(nNG) o] @719k g Aol FeekA] &
Ut ol= FFA} o Ko Ak o] 1990 27, 3%,
20009 34.3%, 20109 28.6%= 717} =& H|E2 21X

o
F|-Asto] A7kssict” gl 27]9] WS Al o]%
20150]| AR YHE A7FsA7IHA 20159 1%, 2017
| 3%, 2018\ 9% =02 ISk Aol 7] ool 3
Ay FEho® A7lols FoehA] GA et AoR
Helo, 592 AR WHF(InTFG) o] 1% S7Fell
wlebA Co2 HjEHol 0.59~0.60% Z71st ot 4=}
AU AE T3 InHRG, AU A (InRG), A
F(InNG) oA 1% Z7}5HH CO, viEHS 242 0.14%,
0.06%, 0.16% Z+Ask= Aoz Uehgth

Table 8> ARDL 22| ©7|4 FAAE YehfjiL
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Table 7. Long—run coefficients from the ARDL model

Model 1 Model 2 Model 3
Korea Japan Germany Korea Japan Germany Korea Japan Germany
InGDP 4.473% 0.829 —11,857%% 0,204 -0,133 —2.656 2.532 3.652 —5.282%
(0.084) (0.933) (0.012) (0,910) (0.991) (0.137) (0.130) (0.940) (0.055)
InGDP2 —0,230% —0.031 0.581%* —-0.017 0.009 0.129 -0.135 -0,159 0.256*
(0.086) (0.948) (0.013) (0.855) (0.987) (0.138) (0.116) (0.946) (0.059)
0.556%* 0,083 0.010
InTFG NG ’ ’ ’ - - - - - -
e 0.002) | (0.593) | (0.951)
InTFG B B B 0,200 0.442% 0.602%* | 0,549%%* -0.159 0.586%*
(0.350) (0,059) (0.016) (0.000) (0.816) (0.010)
InHRG 0,323%* 0,110 —0,142%* B B B 0.117* 0,339 —0,139%**
n (0.014) (0.409) (0.007) (0.063) (0.668) (0.000)
InNG B B B 0,020 0,030 —0,064 —0,044 0,032 —0,163%**
(0.816) (0.560) (0.121) (0.568) (0.896) (0.010)
-0,078 0.157 0.023
InH _ _ _ . R . _ _ _
G (0.222) (0.195) (0.822)
0.057 —0.099 | —0,056%**
1 _ _ B . . R _ _ _
nRG (0.101) (0.160) (0.000)
c —20.080 —3.273 | 62.599%** 1.630 1,703 15,119 —-10.224 —18.303 28.671%*%
(0.100) (0.950) (0.009) (0.851) (0.978) (0.108) (0.196) (0.942) (0.043)
Z+ 1) Coefficient?} ()= p—valueS VERA,
2) *=p<0.10, ¥*=p 0,05, ***=p (0,01 oA Fofgh
ok 7)Ao g A E7tol|A B B AR (InTFG) 7} 1% HHLE 2bR7E 2AEkeH Blof, ¥ 52 o A

*7}6* o CO; HiEFE 5
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CO, HHE, FXI=HOLX], AR{AOLAX| LxZate] AIZA: St U=, ZUS FHC=E
Table 8. Error correction model (short—run coefficients) from the ARDL model
Model 1 Model 2 Model 3
Korea Japan Germany Korea Japan Germany Korea Japan Germany
D(nGDP) 1,539%* 4,704 0.210 4. 219%%* -0.,218 0.090 2.152%% 6.768 —1.690
(0,090) (0.250) (0.878) (0.009) (0,959) (0,916) (0.034) (0.191) (0.157)
D(nGDP(-1)) 0.679 —3.964 3.601%* —-0.827 -3.675 0.816 —0.062 —1.165 1,060
(0.356) (0.118) (0.031) (0.352) (0.152) (0.223) (0.934) (0.695) (0.333)
D(nGDP2) —0,087* —-0,221 —-0.007 —0,207%%* 0.002 —-0,008 -0, 115%* —-0.320 0,081
(0,070) (0.255) (0,914) (0.010) (0.992) (0.843) (0,032) (0.194) (0.163)
—0.04 1 -0, 175%% 4 172 —0.041 1 —| 2
D(InGDP2(-1) 0,040 0.185 0.175 0,047 0,17 0.0 0.00 0,057 0.05
(0.311) (0.127) (0.031) (0.320) (0.157) (0.207) (0,975) (0.690) (0.323)
1,947%%% 0,383%* 0, 715%%%*
DURTFG NG | 0 500 | (0.012) | (0.000)
0,911%* —-0.216 0.224
D(nTF -1 ' : ' - - - - - -
UTFGNGED) | 0 099y | (0.155) | (0.209)
-0,122 0,783%#% | (0,856%** | 0,909%*%* | 0,436%** | 0, 772%%*
D(InTFG) - - -
(0.585) (0.001) (0.000) (0.000) (0.008) (0.000)
0.002 0.147 0,445%%% 0.131 0.056 0.248
DUnTFG(—1 B _ _ . . . . . .
(nTFG(-1)) (0.992) (0.209) (0.004) (0.430) (0.684) (0.100)
0.082%** 0,011 —0.021 0.073*** 0,118 —0,109%**
Da . . . _ B B . . .
(nHRG) 0,000 | (0.849) | (0.460) 0.009 | 0102 | (0.000
—0.013 0,003 0.090%* —0.019 —0.050 0.002
DUnRHRG(—1 . . . _ _ _ . . .
(In = (0.418) (0.955) (0.010) (0.284) (0.446) (0.924)
D(aNG) _ 3 3 —0,423%% | 0,044%* | 0,084%** 0, 317%* 0.022 0,032
(0.045) (0,020) (0.007) (0,010) (0.186) (0.444)
-0.025 —0,036%* 0.112%* 0,325%* —-0.027 0,120%*
DUNNG(—1 _ _ _ . . . . . .
(nNG(-1)) (0.815) (0.037) (0.013) (0,022) (0,140) (0.046)
-0.035 0,162%* —-0,004
D(nHG) - - - 0.184) | (0.012 | (0.801)
0.053** —0,048 -0,007
D(nHG(-1 - - - ' : : - - -
(nHG(=1) 0.029 | ©.248) | (0.72)
0,024%%* 0.100%* —0.040%*
Da _ _ _ . . . _ _ _
(InRG) (0.009) (0.054) (0.022)
—0.026%** | 0,145* —-0.010
D(InRG(-1 - - - ' ' : - - -
(nRG(-1) (0.008) (0.076) (0.509)
CointEq(—1)* —0,395%*% | —0 634%** | —0 5AIFF* | —1 192%FF | —1 954*** | —1 110%#%* | -0, 725%** | =0 476%** | —1 019%**
d (0.000) (0.004) (0.000) (0.003) (0.006) (0,000) (0.000) (0.023) (0.000)
R—squared 0.935 0.720 0.868 0.968 0.906 0.970 0.940 0.763 0.919

3= 1) Coefficient®} ()= p—valueS YERH,

2) *=p€0.10, **=p €0.05, ***3= p €0.01 <014 frofgh

Ao A= oF 30%%] BhH AJgto] oF 40%= SH AR A
ol B HISE sk Q7] wizel oldA] a8 7Y

A9 sfefeke obziA] shleRT} Aol ARt

14) AR oA Eg 7L Hslirte F7171A] ouA] Lk A
Aol et} FrPHA] ofuA] el 1A oAl g3 &

Z R0z A7k a8 oa)

()9 FEE 7HIAL A

CO HiZo 2 Y=

& CointEq(-1)) A7}t

F7PIA(GDP) & Uz ghe Qujshe] B717HA] ofufA] edeke)7h
Wobdas 5710 o 7] o] gmgo] Frhe 2g Tt o7
A 12} oA TE o] ol 7] o x| eeke)7} wop
A 3 0,1599) vhE £ 0,086% vreret ™,
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A& AlAsHE ohEa e

AR ZAL A IzIEZ 2000 AAYolu A H(Renewable
Energy Sources Act, EEG)S Z3| WAXA X LA =
(FIT)E =Yt} E3t 20119 SFAIR} AR TAY
olFolli= 2022714 HE IS FHHER shgloH
20109 A “ofU A 2010 & o WAL 9
U] 97]2|(Energy Package)' & 20118 U3EshHA] A1)
AR L Al Afgsta Qo™ BYL o]t A
I EEo] AU AR o] S7FsHHA CO. HiET
27991 MtCO2(2006 ) 0| A 734, 5 MtCO(20161) 0.2
Hasiet, =3k Ao | 2] e 71,6(20061 ) TWh
oA 189.7 TWh(2016W)THE A F7Istgiet. o] 4
COp HiE Zr2x0f A | A W 8] 717} FAlof] o] %
of 570l HH 2,304 - r]Hem LAY A] T
o] CO; HiZ a0l FFE & A= Uiyl

A, Yt AANHAA S 19748 58 242 o=
AIRFSEAAL 2011 F U2 AR o] % AR AFolH A] a7
ZHAM A (FIT) & Al3sta Yok e 20164
2799 G2 20149 4439 SR} 16% AR T
2016\ 7]= AR O2 9] 590l £ e =& 5
== FAIBFAT SHAITE CO, HiETFo] 1,050 Mtoe(2016
W2 A 104 7 ke R7huch of ou) A vh

20 Aol x|

2 ol it BhHo| Aol v X (2006 113.4
TWh — 20164 163.0 TWh)©] 49,6 TWh& AZ Z7}5}

A7 0 2= Aol A] - o] CO, & Faxe]] FoF
= WAt A7 U2 & QS Aol

AR, g2 2000EtHE ZEAZ 0= 4R ||
K S E AJRFsHHA M Eatol| A ZF o A ¢ W
AFHR QA =(FIT)E AlYstSict, shARE 201258 7
7 Faa AP AA] A E21E el ARG AR A
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