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AA A=, 7124 Q0 S dHdAs &9
o B dHA 1A HA-AA =
T+l wel Midpoint impacts® $HAFS} = t}A] endpoints
damages® 3HAFsh= dlo] At} Ecofys(2014)9 4 += 713w 3} oYy
A Ao mAEE] B A=A, Q7 EXAA, V7IE &
o] WM3lE 67}A Midpoints® A glsto] o] & thA] <FE3-2>9} 7ol
ol wjgo=w ket

<E 32> 7 WHE B R BB 5 U LHIT H[S
w9 : 1Billion USD
o | e [eza | =y | 2a | 22 | 2= | spole-

TE | B e | me | @ | e | @ | @o | o

7|35t | 033 | 047 | 008 | 000 | 021 | 008 | 006 | 044
AR | 406 | 005 | 003 | 0.00 | 006 | 001 | 001 | 008
ez | 14 . . . . . . .
0| M2 X]

e 098 | 015 | 008 | 000|022 | 005 | 0.12 | 027
ol =A | 175 | 028 | 008 | 001 | 024 | 001 | 003 | 035
=9ol=s
oxl mp | 004 | 003 | 001 | 000 001|000 | 000 | 001

7|E} 190 | 015 | 013 | 001|032 | 005 005 | 008

o9 : USD/MWh

e

TS | 2288 | 1825 | 18.12 | 3.08 | 540 | 120 | 129 | 22.75
2|—r—|j|".:5'

221 Ecofys(2014)
T 1) Ax=EY Aja v g2 dE AL




Ecofys(2014) ol A += Yol AA3 67F4] Midpoint=
ﬂ—'ﬂr‘ﬂ}lg <3 3-2>9F o] At Q=
H| & 74]43} O]:‘fz— ThA] 7} ibd e o

Eﬁ =
V= ﬂ%ﬂl%—g— wo}m. 7Vt HWWM 7P%E§i‘
walge] AL Az 3-3>3 2t}

<E 3-3> AR{Y Lol T AL

=Ly LCOE H= M ol HIE
Ao ey USD/MWh S A8 LCOE o= u|g Mg | D
= USD/MWh | o =
HIS| 3% | 7% | 10% | 3% | 7% | 10% 2|2H|&

EHQF2t | 67% [101.86/142.07|176.34| 68.25|95.19 [118.15] 18.12 1214 |chs

=24 | 10% |214.47|274.63|326.88|21.45|27.46|32.69| 424 0.42 [cHEHRI=
TRE _
BRI 6% |112.49|137.17| 1586 | 6.75 | 823 | 952 | 22.75 137 | 2HQl
ek=241 10% | 61.53 {132.94|201.65| 6.15 | 13.29|20.17 1.29 013 | A9A
q

242 | 1% | 74.48 |147.68(218.12| 0.74 | 1.48 | 2.18 1.29 001 |[2af|A
2 103.34|145.65/182.70 14.07

AR Az g A YA Y JFEEF LCOEE s 3%,
7%, 10%0°l 4 Z+Z} $103.34, $145.65, $182.70 2.2 AALE A =d], o
7o) wA wrbe} wpR A2 Ecofys(2014) oAl AAlE v g
QF-H]-E w@rlel] =] AR B HFS A&t T

AABAIA ) 7hEA T 920 &S AdATt olF HI F
2ol 79 [EA015)0] 4] tdtml=e e LCOE 7} <ed oL}, 1
olo /My 2, Ak, aEe] A @vFe] LCOE /b &
2 A ¢ro} OECD =7} & Wz FR7F 74 2 271e] AL tals)
o AF&3H9l T

AAe v o] 9 HH]8-S Ecofys(2014)0l A= $23.27 ~$28.02/MWh
2 AAEa 9o, o7ldE 715WsE HlE $0.40/MWh, AHdaz
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H-§  $16.88/MWh, 7H]&  $2.10/MWh, AFaH]E  $0.39~
$5.14/MWh7t E o] Qrh2 2 AFoA= dxpg wro] &F
H-g& ZF Abate] ofgk 9§ H|&S HUAR FAsIY] $5.14/MWhE
g, 4z wde] o v§ FAE $2802/MWh= A 4tsted
<HE 3-1>, <F 3-2>, <& 3-3>& FAste] AxtE Ay A
I AR H o] WA @b <® 3-4>¢F 2}

<E 3-4> XE ! MRjMo|LAR] YRET) (QFH|E ZE)

9] @ USD/MWh

golg
TE 3% 7% 10%
URIE gy 56.65 68.44 79.39
AR AY bR 117.41 159.72 196.77
2 ATGE B8 Astd 9xg 2 A 2de] LCOE + 2
AN XS 27] v & g LS dvtE AH st
uet AA 7= AAEE L tﬂ, [EA(2015)91 A &= 3%, 7%, 10%<]
7 Elgol dis] vsd 22 A8 AtElE AAlE L ATk “3%9]
749 Ao ik Als A Hlﬁ ﬂ&% FAbsta e A, 7%9 7
T AV ASdAY AFxs FA AdFY BT, 10%9] B9 ¥E
3

:
) F3 4T 2AA AL, AEA $2ol FURUAE A
Foke] AR AN B3 vt g
&< mola 9tk

oo weh B AT AE [EAQIISY 7| ES
A ganzd A FA} daAY ATz
1769 W&, AAA el dslAE B el Azt
g8l 39 PF o wol 3%9] AL A gske] LCOEE 74s

ofN
ro

r?

ol-}i

o

utl

2 2

2) Ecofys(2014) oA 20129 /=2 &3 7|E0=2 #7|HCn], of7[ofA= 3l
g 717t f=-gel g $E($1.2854/€)S o] &5to] P2 FhatstRict
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2. CO; WlZ % F4o] AH4d W5 AR

oAl AREE FA AoA Q1T AFA] WFR ANEHA
= gtoy % AT U AA HHFoR AFHIL YA
o o]& & 717t JATE Yiro] 10T HHdFo T Wste] AE
a7 el FstAT A7)l ARgR digRls I AR
Worldbankoll A #l &&= WDIS] 1977~2017\d2] thatl=r o1+ =}

55 AHEskth

1919 GDP ¢ A% <flek wzb7FA = Worldbankol| Al Al & 3k+=

WDI®] 1977~201749] WRl= A85ES AFE shglen, 20109

USDE 7|22 gk “GDP per capita (constant 2010 US$)" 3=

= AH&skith

1913 CO, wWiE&e 79 IEACA] #|l&3l Data services &
5

CO2 emissions statistics 3+%9] 1977~2017d A5 Z FH3A ).
A

1909 A2 Hdd 1909 AAAA o] A9 IEACA AlE
3} Data services & World energy balances and statistics &5
o] 1977~2017d A=E FHsReH, FHE Ases 7 T 4
A WA FF(EF GWh) o]tk & AFeA = olE A AT

2 o] 1919 waRew Waale] A18agl
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<E 3-5 Y XZEA
2 x|} | Bz B2 axmx
lolet GDR(S) | 2620513 | 327505 | 1351723 | 5.40% 7.436.30
121t CO,
o | 1166 2.71 747 3.85% 3.06
1ee AN 3900 68 1.95 176531 | 90.15% 1,138.84
EEX (KWh) e : e 1970 ) 199
Tolgt AR .
el 362,54 38.26 105.39 9.04% 64.75
tolgt =
oy | 1049651 | 65924 | 470726 | 7.88% 3.359.33
102 5
ol kg | 528928 | 86602 | 305727 | 5.13% 152157
ol 513.619.11 | 36,411,795 | 45,118,965 | 0.86% | 4.439,044.55
<Y 31> A= 7 dg 9d 19

L_Zr‘_% jﬂ]ii _L}\]O]_O:]]j_ =

H
ZAE ®Berh 1997d9 IMF A}ej <}

g zel 749 19779 RE 20179744 Aldzbe] BlolglE Abd
A% A3 GDP o % A2 &ulF GDP o & 9y *m%¥
% olUA au et CO2 ME S Apolol

% AbgetE 49 0E FHAM EAS w442
A7 Qo] Y WEE EHM Astn, RHelAE GDP,
CO2 W&, 199 Axe] WA, 199 A4 BAFUL 24

A}-8-5+5
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G= f(Y,NFE,RF) (4)

A7IA Ge 2ATFE WEFS YEUY, Y= GDP, NEvE 94

WA 2F(kWh per capita), RET A AA A ZFKkWh per capita)S

LERATE 7 wgE QW st o s Al At 918 19017

o2 A=A

BAG e Aol A #BI A &3 A FRU=
o

2+ (Environmental Kuznets Curve: EKC)o 2 dixdt. 9]
Fz=U = Ao dgt dF(Kuznets, 1955) & AAAZY} 25 &
Wl digh =iwoz Adst A e w7k A5 BHF A
L= AFel S7ketdrE A dA Fes AdE uA A
i F% =dolth 2y o] Aot A ASAATE FolE
o= Atg 7t dlo] obd tEsa 23 AAW A % »=F
Ho] Fo-Fw BErdol ddojdrkes Aotk e HZo AT
NA A5 EReS e o UAE 345 28m Aol Al
AadtE Aol ofd s (Wave)ol FHE ulw Z7iel A4S
+ (Branco Milanovic, 2016) 4] UEU= 5, F2U=

[T -

R
r
iuf

>

Ae wskel gatel Hw vk,

1
2759

ey S4H9 SwelN, AAH A%y AT Alsle] BASRE,
Fe ansEd @4 d@ Bt &7E AYa] fAAE
o Q3 #7 FEUz e T AAE wu vk @ Fxuz
2 A GG o] FolAE 2o @6l B 3, 84
ool A AAATL AAE 250 AA FFel EaFW &7
s3)7b BAHAY 2de] HEHh: sHdol

& F7ke] AAAAT BALA Aol BT = shde] A
Ao, Adwse BAePNSE ol o UAR BA7F e

Atk o] A9 eAsts wMEFe £S5 24 A4E F9 2@
G=f(Y,Y* NE,RE) (5)
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A2dEASEY B

L 4584 239

!
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2 (5)9] CO2 W< 45 3 72 BT o] dAE ved=
gaol A el 4 )2 FFaao.
InG, =a,0+a,InY; +a,(InY;)* + alnNE , +a,nRE, +¢, (6)

Aol BRFEd= 24 7}
= el @A(a>

07} BHs, asks WEFT 259 AF Aol o] A
5 U

=
i
A<
Lo
-
L
5
K
/\
S
il
N
i
po
o
fr
2
o
ot
gy
%0,
O
rlo
>,

Zb2 wE S e JFS nE WEEs ke A
23t7] 9la) A Pesaran et al.(200D)°] uwhgl 2] (5
gele] ARDL AA=Z A7+= std A (13} 2o}

ft
to
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o
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p p
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k=1 k=0
p p
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Wel 4 (& ARDL o4 ¢ eAs4mgoeletn @t = o=
FAHE AFES P14 TAE AAE Uehin, 8 g2t
ASEL @714 #AE vepio

lo w2

Aol A (N 22 FHE AAYE AsEE B45=
2 #A AgH 257 QHA A (stationary) o] Al &
4 A3 714 3] #(spurious regression) ] A7}
Atk 737 EAY EA A AREE WG o] AR
A7 EASHA ol e

S|

]
=

1o

@ A
EAeha G,

e A BAe Ades] 4 24 o4 A

=
Asste #Zo] WA FadEojor & Harl om, o
| ]a} shoh, @9 o] @k E<2FA4 (non-stationary) Al A

)
(Y, =a+BY,_, +e)o02 EHAL 43, T 54
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Zheths AR (B=1Del 2AF Ao, wefol
g AAD AETE &
[€e] =9 AFE HA}e WHems
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AIC(Akaike Information Criterion)
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A2dAZEAN 5y 24 Az

1 47 4% A% 24

SEEte] COo, wiZEell WAE &5 B 109 Az ouyx @A
F, 10T ARG A dAFe] FrH dgFe dERE A (6)9
FA Ade <& 53> Zrh CO, wMiEFe] FAH ALEE W
9 A A5V, 259 AF(Y), A4 SAFNE)] AFE
19 frolsol A, A HAHRE) BEE 10% FEolA Fol3
Ao ehgon, o 4ol Rl Hue o]gy ¥E7h A s
B AR Yegth ol MFEE e A EE, 25 (ny)3
250 AF((nYPel et FgA7k 47k (+)e] F3eh ()]
FEE e A2 25FF0] I FF ool HHA COp &l
Fol= EKC 7Mde] A-ge omdnh F dse] ga F4x¢
19774 o] F 250 1% F7Hgel CO, W& &S oF 5554%% W=
A S 25 AAAE AUEA oF 02413%4 #astn 3
&g onE.

T TAEF T A THF(nNE) 2 A FH(nRE)S] 71t
w9 FEE 7MY I FAATE 2447 -0.2199, -0.0543= ERG
AL LA A ouA o] wFo] 19 S7hgel whe} 344
di 2d A EdR vt F COo, MEdFE 44 0.2199%,
0.0543% A #H2AZ S on|deh o= e o wFe] St
b A e wlge] Fobel ulE 4u) o]} CO, WiEF FHFH

2249 &aE wolw Yes tehhm vk

_29_



<E 5-3> CO2 HiE29 &7| degA s A

BN ESSH +-SH %t
InY 5.5540 6.13""
(In ¥)? -0.2413 519"
InNE -0.2199 -6.06""
InRE -0.0543 -1.99°
At -27.0528 -6.39"

Fiox e Zb2E 10%, 1% Tl AR Fo9s UER.

<E 54> A5% F AdauF @AM Bkl
COp Mz epel WAE W72 GBS BRI AF 4 DE F4
@ Ak nelEn, W4 BAFe @Nemn o e S
19 FolsFl A FAROR Fol8 9B VAN 1 REE 4]

qom folF o
4 9 B Aoz tehta g

<E 5-4 CO2 HiE&e| B &g+ =&
e YA +SAZ
dinY 0.1048 0.07
dinY? 0.0659 0.84
dinNFE -0.1546 -4.08"
dinRE 0.0131 0.64
ec; -0.7031 -5.06""

Fowel 1% FEANN BARCE §18L ek,

QAT FAAF(ee, )7 1% FAFEAN BAAOE Fol5
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Abstract

Compare Carbon reduction cost of
nuclear power and renewable power

generation

Yongsung Lee
Dept. of Agricultural Economics and Rural Development

The Graduate School

Seoul National University

It is an undeniable scientific fact that global warming is underway in
the 20th and 21st centuries. It was also confirmed through research that
global warming was greatly influenced by human activities (IPCC,
2014), and it was also known that CO,(Carbon dioxide) emissions from
the use of fossil fuels played a large role in global warming. There are
various types of greenhouse gases that cause the more greenhouse
effect than CO, on the earth, such as methane, nitrous oxide, and CFC
(freon gas) water vapor. But due to the difference in the amount of
emissions, it is estimated that CO, takes 65% of the total amount of
greenhouse effect (IPCC, 2014).

However, as in the case of the US withdrawal from the Paris
Agreement, greenhouse gas reductions face resistance because

greenhouse gas emissions and economic growth are closely related.
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Recent studies have shown that a country's economic growth as
measured by GDP and its greenhouse gas emissions have a strong
positive correlation(Bengochea-Morancho et al. 2001; Farhani and Rejeb,
2012; Jin, 2013; Roh, et al. 2016; Jin, et al. 2020). For this reason,
there are concerns that economic growth will slow down if greenhouse
gas reductions are achieved.

Therefore, to reduce the amount of greenhouse gas emissions including
CO,, and minimize the damage to economic growth, it is necessary to
search for the most cost-effective CO, reduction plan.

In previous studies, the correlation between economic growth and CO;
emissions has a strong relative. And as an alternative electric source
like nuclear energy and renewable energy could reduce CO, than fossil
fuel. But research that calculated the cost to reduce CO, emissions
through conversion of power generation sources is still insufficient.

In this study, we investigate how the change in the proportion of
nuclear power generation and renewable power generation affects CO,
emission in the area of power generation, which is the most CO;
emissions source in Korea, then we calculate and compare CO,
reduction cost of each power source.

To this end, first, we calculate the long-term impact factor through the
autoregressive distributed lag model(ARDL) which uses national income,
CO, emissions, nuclear power generation, and renewable power
generation from 1977 to 2017. Then multiplying the estimated long-term
impact factor by LCOE(Levelized Cost of Energy) to calculate 1% of
CO, emissions reduction cost for each power generation source was
estimated in $/MWh.

Furthermore, according to the researcher's claim that the operation
cost of nuclear power generation is inexpensive but nuclear power
generation has some hidden costs such as environmental damage and
impact on residents' health and incident handling costs. In this study,
all of these risks were converted into external costs and included in the

LCOE of nuclear power generation and renewable power generation.
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As a result of the analysis taking this into account, assuming that if
the total power generation is IMWh, it was calculated that $3.61 is
generated through nuclear power generation and $21.45 through
renewable power generation to reduce CO, emissions by 1%. From this,
it is estimated that increasing nuclear power generation is more
cost-effective than increasing renewable power generation to reduce CO,
emissions.

This study has the following limitations. the proportion and the
diversification of renewable power generation have greatly increased
since the 21st century, so it was not possible to analyze renewable
power by dividing it into each power generation type in detail. In
addition, in the process of estimating the external cost of each power
plant, the environmental damage required for the construction of the
power generation site has not been studied yet, so the power generation
cost per area could not be included in the research.

This part is expected to be resolved if related research is conducted in

the future and data is accumulated.

keywords . Nuclear power generation, Renewable power
generation, Green house gas, Carbon dioxide,

Student Number : 2013-21120
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