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H1E EEEEEE R =T

AAE 20159 o218 AldS B8l A7 B 712 5= 2°CET 24 ol
1.5°C= ARtstz] Y8l 4 =7P7F A2 B35 A5t sAI18 2 g3z oF
&5t} o]% IPCC(Intergovernmental Panel on Climate Change, 7]%H3}o]
It AE 7 FYA)= 20189 1.5°C EEEIAE S A+ Bt 72 52
1.5°CZ Agtset7] YallAes A AAZE 2050717 grauj&sge] <= AZ(0)7} He &
AFHE GAGoF it THEFH. o]F 20198 FHS AR E A AlA 13770=
o] &AFHI SR oH, FHURE XS 147152 SAFTHY HASHA| &

R N

dasH RS A6k At

o] Moz} 2AVEA HiEYo R, 20204¢ 7I& AlA HdH9] 1/3 o[4S Akt
UOH(EA, 2021), A AAl CO, BiEZS 30% 7= ZFAISkAL Utk olo IPCC=
20509 sAEdE A4S Sdl A OAA Agshdd S9E dusielth 18
IEA(International Energy Agency, SAONHA7|H) = SASHES o] A8 FE9
getddt S5 20|= Ao 7MY 583 o, oF 5] Al AestE Ao
B2 93 71E HH40] 27] "Xy Bestty ARk ESF 20219 1BACIA
9HHESE “2050 BtASH ZEWW(Net Zero by 2050: A Roadmap for the Global
Energy Sector)"olX+= 205049 ©4FH B4 Ao A= 2030971#], UHA|
A=t T2 204087k AebidS A og FHsfof ghotal EA5HH.
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Key milestones in the pathway to net zero

2025
2030
No new sales of
2021 All new buildings are
zero-carbon-ready

No new unabated Most appliances and
coal plants approved cooling systems sold
for development are best in class 50% of existing
buildings retrofitted
of heavy truck to zero-carbon-ready
No new cil and gas sales are electric levels
fields approved for

development; no N - el
2 o new ICE car sales - -
new coal mines or 50% of fuels used

mine extensions i ation are
1 020 GW annual sclar All industrial low-emissions ‘
fes More than 85%

and wind additions electric motor sa

of buildings are
i
are best In class zero-carbon-ready

Phase-out of Overall net-zero
unabated coal in emissions electricity

advanced economies in advanced
economies

Met-zero emissions
electricity globally

. Almost 70% of
Phase-out of all electricity generation
| unabated coal and oil | globally from solar PV
power plants and wind

j 50% of heating demand |
met by heat pumps

2020 2025 2030 2035 2040 2045 2050

150 Mt low-carbon hydrogen
850 GW electrolysers

435 Mt low-carbon hydrogen
3 000 GW electrolysers

4 Gt CO, captured 7.6 Gt CO, captured

M Buildings B Transport 7 Industry M Electricity and heat Other
(BX: IEAQ2021a), “Net Zero by 2050: A Roadmap for the Global Energy Sector’
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olof] ZFA|AIS]= 7| g &AEr 5 (Powering Past Coal Alliance, PPCA)
= THOE ©AFTHE ftt B4 24 o] i Utk 24 592 20179
COP23014 F=t AUt = 2570=2] ojsto] SHEler, A4 U
4870, 4870 A AF 9 6971 719e= F7I6lith D PPCA #ol= & OECD ¥
EU =2 203097k, UHA] 172 205097H] Aebdds dAdo0 s Fo
ohe Z2g SHE oF1L Ytk o]F 20219 COP260I4 7| THStEF GA=ES =
A3 715 F9)(Glasgow Climate Pact)E B9l €4 AR gle Aehibdo] oA
A A5 dm Exgo dAE HAE F4AH0E Fosiaith

1=y o g A Y] ZAY ] ofds] A AlA Aerdd Au| 852 ‘7—(7}0}

3 o™, 20214¥9+= 18.2GW7t S0l TtHGEM et al., 2022). 1183 FL 3
gho|u-ZAJot AtElE QI3 BT J—]r 2 S5t 7HE0AE T8 24
g il= sty ARt AE A7hsote S4s A6 Sl Aot AlA7147]
H(World Meteorological Organization, WMO)+= 20214 A|A 7]
(State of the Global Climate 2021 report) & 53f 2021 X7+ AHo+ 7|-20] At
JS} oJHETH 1.11°C7F A5l FHJYT. oA IAAS7E oF&St 1.5°C7HA]
0.4°CHfoll &= 23ttt IPCC A6AF B7HEIA A3 AR IF HiAdAs Aebd
Aol 7] &0l 1o 4lgt AH] S0l HA| ot 1.5°CE 234 AYS A=
shH, AlAAR] Aol 27] Bl o] ¥ FAvhE X5 olA| AlA 7t
=] A=A ol1l YAl 5 ko] gk Aot

1) PPCA(2022. 9. 5. &3, https://www.poweringpastcoal.org/
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100

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

(EX: GEM et al.(2022), “Boom and Bust Coal 20227)

[323 1-2] 2000~2021'A © MAH MEtuHOl Myt 7tS W HiM ¥ &34 F0|

Syt At AFE E9 o|F AvA] M A FXISHHA A8~9x} HH e
[2AES 7I8te = 309 ol 7hs't ¥ Akl a #H X2t LNG AeZ 53l
Aebdhd HS2 ARFo R ASohe 24 JHE 48 Frt o]F 20214 8¢,
SHAFH7|EHo] BHEHA 20509 ©AFE 9497 20309 17 24V S &
H(Nationally Determined Contribution, NDC) B2 9l €48 F2 Fsket
gAE B3 A AAZE FE ]l ofof wef 20218 10¥€ol= 2050 ©ASH Al
U229k B3l 20508 BA" 51 AR CE AA|5HL COP26 &3l =AIAH 0
SHSFAT. 12y 2050 ©ASH AUE|QolAE 24 B3E AT A =S
B 24 51 @42 A AR Aoy FE= obd] A EA] 22 Aol
20224 8ol 7HE A10AF Agpg7| A1 AFRAR 2030d A HF

N

>
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XS NDC ARE diH] @20z 309 ol 7Fsdt ¥ Agtsteddad] #HX]
2 LNG %18 42| jo] thg Al &4
Climate Analyticsi= ©]2]3t f-2{utet BAg Aalof tis] =7} 2] A4 A <l oF
&3 2, A ok, QYA S22 MRS
Astctar Fristgieh. 12 LYyt @S £55hs TARE HWiE FEE
22y S AEsiEdd A 2A7FA HiEo] 20259714 20179 HH] 58%E
HE3foF st 2029W7H4] BAES o|Flof STkl BASHYIH. S o g Avhid
29 Hf 94 @ AR FAY 4F TP Ftole Aeddad vied

2]
2 sl Aoz BAsgon, @
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X,
ok
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)
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N
52 [
o)
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4o |

B 252 9% 2 Aol 4%
317%% Mol Ao BASLHY) olejst B4 AuE EYw wo] HelgA

Sapjeks FA) A=) 57719] AeksiEuaat o Fold, rlHos A A
P42 4707 itk A4 591 WAL}

=
< =% AeslEdAda HX4] 71EQ] ks At 30 85k, 205480 g
o}

oiN
[-'O
mE

= 3 oAFE). webd 7|E AR JuroR o A u% A=
2 2050474 24| ojgl$r, 20308 NDC} HaFY BE Ed S
o] uhe] FAHe! LA o A2 vhio] WR AFolet T % Uk 20504
g} HAEY BE 9HS o) A A4 F9 WHLS XS] 7|2 Husty

Aol that 7] WA QI /12S ohShY, TaEY BE Dol Fse 94

R =2 =
PR YA A5E ANT FAYE AT RN ¢22L SAeo] o|FY 4 9
i

(e}
L JYFE += Q71 JUtKClimate Analytics, 2020).

2) Climate AnalyticsOiM= SIAMESE 23S 0125610 EAEH A2t CO, HIEZS EAIS 7|2 202 2A71A HY
=T BY Al 2T EAH| 22 30ES 7HEoIACH, B ZH|E B 0I8E2 20173 SAS 7|RIC=2 81%=2 /H
otul, Gl 7l=it ME SR0M| M2t B H ATHe| BEZ0H| 73610 Alte!, I2[ey &4 d== IEA ETP B2D AlLte]
29| OECD 2= SIAMESE 2240 H&o10{ M=ot 2018E7HX|2] 144 HO|HES 2ol =8t
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SOUTH KOREA'S potential CO, emissions from existing and planned coal
capacity compared with Paris Agreement consistent emissions pathways.

CLIMATE®
ANALYTICS

Il Emissions existing coal capacity
I Emissions planned coal capacity

Emissions MtCO;

Emissions Pathway
Hold warming well below 2°C, limit to 1.5°C

2014 2020 2025 2030 2035 2040 2045 2050 2055

(&% Climate Analytics(2020), "EAME Al3|29| He-Oi2|HHO| TE 3t=2l aist 7|8 HME A2
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N

2020 1290 HEE Aox} AgEeFT|EAYAE 20309 AR HFS
29.9%7HA] A5k, AL 20.8%, LAEL 25.0%2 S718 Ao st

ol #I8l 2034¥71A] ks A4 30d°] Zshe AutetE T4 307] HA| B

=

:

2R
£

[\
N

471
£ INGZ A%, =% AL 67l 97 HAske AZe 9L At o] Al mzt
HY 1-297], AR 1-287], 39 1-287]9 =& 234 671 7IHAEAL
Al A S Al A aCdEA] 1-297], A4AsE 1-237)= s &
& 9 AIAQl 202480 T AH| 8 40.6GW= FFo =grt olF Fa A4
Aoz AFHA.

(LN

el %
2020 18.2% 28.1% 32.3% 15.8% 5.6%
HT+MEL: 463
2030 11.8% 18.9% 32.1% 33.6% 3.6%
| 25.1 |
2034 10.1% 15.0% 30.6% 40.3% 4.0%

A mAE mING mAKPYoHX]  m7E

(BN HASYRIA)

(33 1-6] Mox} HA+TII2A L F UHAE 4| Y HIF A=

=

20219 8d¥oll= ©AaFSH7|EHo] E=]leH, 202149 10€0= 2050 ©4F
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At S B} TAFH AU eqto] AAIE T TS o] B3l 20509 €4
g 53 A oR AAsta 20309 AeEA HE BRE 21.8%= A35tATt. 2050
a3 Al oA AARE A, B 5 205097HA] AebddS AW 39S A

715t glom, B LNGYF 4% §Aok= A2 7HYsta qitt. 2050 ©4F
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(T2 - TWh, 23 Q2 FA| OUX| AHY & 22 AHY HIS

SHOL | BEtA ) ollg

TE O M ING | MME  HEZNX| gac ;;HHI BM7IA A | HEY
T (HDLE)

AOk 76.9 0.0 0.0 889.8 17.1 0.0 270.0 3.9 1257.7 0
= | (6.1%) | (0.0%) | (0.0%) | (70.8%) | (1.4%) | (0.0%) | (21.5%) | (0.3%) | (100%)

got | 869 0.0 61.0 736.0 | 1214 33.1 166.5 3.9 1.2088 1 5
= 1 (7.2%)  (0.0%) | (6.0%) | (60.9%) | (10.1%) | (2.7%) | (13.8%)  (0.3%) | (100%) '
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olggt A 7|27t @4 Ao =E Y=L Qlrt. olo] wet 20229 89 310 UH
A0 AEHeF7EAE AR AL 20309 YA A HES 32.8%% S7HA
7130 At AR Z42F 21.2%, 21.5%8 E4cH= A0 7 AA =T Aehibdw
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2030 NDC 7%t tiH] 0.6% 7} faoiglou, die ddoke e A &

o
A A7 et AR B vlES Ao AesFARAY 0w Fas)
[e:]
AN

(E 1-1) M10xt HHALF7[2AIE LT0te| HAE 2030 My UMY HIF MY Hlu

el AE LNG AUXAY SEA 7|Et A
fox | S | 1464 | 1751 | 1366 | 1217 - 6.0 585.8
HZE | 25.0% | 29.9% @ 23.3% | 20.8% - 1.0% | 100%
NDC | EFZ | 1464 | 1332 | 1195 | 1852 | 22.1 60 | 612.4

&t | iz | 23.9% | 21.8% | 195% | 302% | 3.6% = 1.0% | 100%
snox | ERY | 2017 | 1303 1282 | 1323 | 139 86 | 615.0
HE | 32.8% | 21.2% | 209% | 215% | 23% = 13% | 100%
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71(1.2GW)Z 57] Aol JF=o] et A A4 59l Al Tdas Fezo] YA
511 9lom 3E A AYE Y HHAE F 107], 892 7.8GWE SVt "t

Aozt AEeF7| EAZ A E qHSEAHAE 309 7Hsst & LNG AdRATHE
Adsta on, AmgAg gy YHa FHXE 2024WRE APE Aoz oAt}

whet g iAol E3hEA eloteh WX T ING AR ARl 247) Wk
9T A AL F4, A, A4 Kool £xa) 9
Aot AeearlBAe] A8 717H2020~2034) o] Tl Aerstenid s 30
4 M Qg BAE) Erh AT A9, 20509 A ZE 24 99 304 7}
AE A9A Foh 7] WAHE WAL 20204 o]F0] EF
B7)9h A4 A4 F AHERTY 1287, 25U 123717} 9
Stk & 4 9tk o F ANAESHY 15718 ASILE 25 PRI &

A5l WAL E 27] HA| A] FERAAASE € Hog dakE
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x| HERIA} HERI 7| ad| 8 x3 ol | X| - H&t
(MW) of
SEI#1 500 1999 2029
HTI#2 500 1999 2029
T3 500 2000 2030
T4 500 2001 2030
SEA | S S5 500 2005
SEI#6 500 2006
SEIHT7 500 2007
STI#8 500 2007
SE#9 1,020 2016
=Lt 2T#10 1,020 2016
o EHOHT 500 1995 2025
EHOHF2 500 1995 2025
EHOH3 500 1997 2028
E{OH#4 500 1997 2029
EHOHS 500 2001 2032
EiOIE | AR
EHOH#6 500 2002 2032
EOL#7 500 2007
EHOH#8 500 2007
EHOH#9 1,050 2016
EHOH£10 1,050 2017
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UHSE ESASE OlY PO MEIK HI-H A7 -

MH| 2% H|X| - Ft
x| MrEA} urE7 | o | EREE | o
RS 1,019 2017
A5 1,019 2017
a3 550 1993
o SE 500 1993
Feury 245 500 1993 2025
2246 500 1994 2025
e 500 2008
wiagg 500 2008
M MAFE# ] 1018 2021
A7 207 18,246
o S 200 1998
S =af#2 200 1999
] Sy 595 2017
(FIasEaAt= Sm) 595 2017
| AEORT 1,022 2016
STEr AR TR0 1,022 2017
ooy | B AXZ20YM | (1,050) 2020'13;';0'
o RS20 =
MEE2meH | (1,060) Zoél‘% 4.
ZEotol#1 (1,040) 2031% 9.
22 | ZEoEnY e
2010142 (1,040) o
= W o) |80 o)
DA 1,040 2021
JE D40 1,040 2021
Ag | aM3 AHE#3 560 1993 2024
e AHTH#4 560 1994 2024
AFITH#E 500 1997 2027
AFIHG 500 1998 2028
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X< HERIA} HERI 7| aH| 8F x3 ol | X|- M &t
(MW) o
Sts#1 500 1997 2026
ots#2 500 1997 2027
ofs#3 500 1998 2028
si=z e Sts#4 500 1999 2028
Sts#5 500 2000 2031
5t5#6 500 2001 2031
Sts#7 500 2008
Sts#8 500 2009
| 147| 8.200
IE#1 800 2004 2034
HEH2 800 2004 2034
oxz e 43 870 2008
ad SEH4 870 2008
HE45 870 2014
HEH6 870 2014
24 67| 5,080
ESN Lt R Ol==#1 340 2016
g Of42 329 1977
A 27| 669
7 577 35,829
47| o1H) (4,180 O F)

* MOX MELm7|EAE 7IE LNG T A8 A
(BX: HEEAH™EAA-EPSIS) Atz 7|8 XA 2HM, https://epsis.kpx.or.kr/epsisnew/selectEkgeGepGbpGrid.do?
menuld=060105)

A A F2A A as AR Aot AgpF7] Ao 2AstL o
™, ShA Tet viel o] A MY ol Al M-S SHA | Aol ol o
2} A5~62F AGpF7|2AG0NA S7HEAAY AP =AE AS S Aebibd Avl=
A5RPIA F 1571(13,290MW), A6AIA 1171(11,000MW)E, & 2671(24,290MW)
Ack. T2y o] A7 AELF7EAY o] FE = Post 2020 AlZ]SAA -3
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oA gk 2EW(20179 109), wAIHEA SEHA(20179 9¥

g A9 230l FHS A =AM, A" 1348 AgE A %:—i*é}i -%7}@01 At

ARrdIAtdS 85HA] B3t of9h o] AR o] MAHMA F714Ql Aest
AEAL &

4o Arde ¢ 5371 1 Al Agle] SRR, THAAAA A=
o

olof wi} A|5AF A7 2A M &gd Agdr] 157] & 714 1-297]
£ AQgt 137]& BF &550] 2016~2017¢0] A 4 4= AAFoY, 55

_

9 1-2371(8 R 1-257)) 20179 129 UHE A8}t AE5F7
—“&741 Oﬂﬂi ING TH4E AYS A%t H]-Oﬂo}gil:} 4 E3F A6 7‘(]— A7 2429

Aol FAEAAL, WA 47171 dA A4 FolH

o]& At Ao Sojx £PH A8A HELF7|EAE (201749 129)014E oy
| A% 220174 109)T t]AHA] ST(20179 9¥)S HHIste, GA] A

N

e Algdu|gd 9710 High AE daE ]H}—E 271(FRo 21t 1-2571)9]
Aetslgdbd Adujo] dgiste] LING 24 Aoz At
T 1-3) MEHUTT[H x|X A& UtF AIY L M| g
A a7 AH| 8 Zx AHE ey Zx ] ox 3y
(MW) Mg7|12A4E AH| A
1 AS#5 870 bXt 2014 2014
2 HEH6 870 bXt 2014 2014
3 SEI#9 1,022 N} 2015 2016
4 A1 1,000 Xt 2015 2016
5 SXI#10 1,022 bXt 2016 2017
4) SFALEAEH2018. 1. 2.), “GRIO| DL MEMITA iX|5} TJ2i0| A2, http://kfem.or.kr/?p=186899
5) EPJ(2017.4.11), “SEIO| DI MR SO YEIA|- BEEHA| S B, hitp://www.epj.co.kr/news/articleVi

ew.html?idxno=12081
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At 7| AH| 8 Zx A= 8rH = ) ox By
(MW) Mg7|12A4E AH| A&
6 éé{%@_) 970 5%} 2016 | LNG T2K8%p)
7 éiﬁﬁﬁ) 970 53} 2016 | LNG HM3H8%p
8 e 595 53} 2016 2017
9 Sy 595 53t 2016 2017
10 AR 1,000 53} 2016 2016
1 A 926 53} 2016 2017
12 0141 350 53t 2016 2016
13 E{OH#9 1,050 53t 2016 2017
14 ENOH#10 1,050 53t 2016 2017
15 AEE#D 1,000 53} 2017 2017
16 TA4510[#1 1,040 63t 2018 2021
17 AZI#T 1,000 6%t 2018 2021
18 Z=Z0t0141 1,040 63t 2019 74 =
19 22010142 1,040 63t 2019 74 =
20 | mMstol2 1,040 63t 2019 2021
21| oy aaamey | 1050 6/ 2019 24 5
22 @i(fj;ggé% 1,050 63t 2021 A8 =
23 us#7 870 BANEAL) 2018 A& Ha|(7xh)
24 SL25IEEHH 1,000 BRHEAS) 2019 A Z3|(7xh
25 AS#8 870 BRHEAS) 2019 A& Hs|(7xh
26 | =espma 1,000 6AHE7ZIR) 2020 Hgl =57
_ SN = 167
FA/Me 67|
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coc N2 HHRE HASH FHo| AMEH HIE- T2 JiEat Hel

Rl Al HIgel JH Er

Bl Asx Hio| AHE o)

AFSA W82 dRtH o R T ALY Y REVF REohs H8-E oulgith. AAE
S A ABA 882 AAGEY AT A YolA BaolA B A BlE
I AZOA SHEER] G QR HEo R ES 4= itk Pigou(1920)°] oJstd <]
Fd(externalty)o] WA QFar A4 AHA ul-gxto] vhdd wf, AMY B|-§HTh
AU Be W2 AAY HE-Z AR Hlolet gt o]2f3t oA ARE]A HE-
2 TA7FAA ou)o] QRAS FEEtH(Neves, V., 2012) A Auje] Axjo]7]|=
Sftt.

/3 ofH AP ol&te] FAE P97t AFECIA st g2 Hojolu &
e 7HATFETE, oftd YUkE WAL, AESHE S A0S 98 =Tt AR
3L Fo RAT 29| QJFAdo] Sl AEH R HiAg A A4/ AR
AA A/ 2nlE o o ejF/do] EAfstar, 9F HAl(external economy)TalE
geh AS Ao g HiAIgE A YA/ AH|FEET Wol al/AHlE o) Z9] 9ol
ZAstaL, 2% &7 Al(external diseconomy)ztal JFrt. QR FA|} - =7

£ A1 B3t A B89] A= ofet Atk

E 2-1) 2|F ZHQt of EZ3Nel =A

T = A AH|
QI FH| A2H HIZ (A HIZ At2|H HIZ ) AH HIE
eI =4 AP2IE HIZ ) AR HIZ AEH HIE (A HIE

6) KDI ZMHEMIE(2022. 9. 24. TD), https://eiec.kdi.re.kr/material /conceptList.do?depth01=000020000100
00100008&idx=134
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3HH, Coase(1960)= AH2]2 B8t AM4 H]-§9] 2fo|7} RS fdshe FAIE
of 2¥14 EAHEt= A 7159 AdelA viFEEe Aoz siAstHtHNeves,
., 2012). "] ARl 2eske A 7159 ARk Alibdel =9, A &
Ao Wl 82le o]ttt Coase(1960)°l 2otd ol2fgh H]-8-2 AR 7+ A
o HaokE 4 Aok &, WoiE IR FACNA A9l AA Q] BE FEe Al
o] otyzt, FA9] BALELE IS He AR 9 FEA I AdE
& 207 sk= Aolt. o] 4% <% vl 82 A FART F3iE 2wt
| ¥ ol5o] HiE e Fud vEEY duiy I 222 AH| &
AR AR ez FAin

Buchanan and Tullock(1962) #7AIsH] olujof|l A Ag]2] B]-go 2Ata% ]
82 F7Iste] Aofsilnt. ol olstd AelE B8 e 47 AAEA
2 A4 Al aEslof she 7 7HA] IS B8 AT Bl8)] oltt. 9 v
3 AR B8 (B 2-29 23, F v I e A= (Od 2-1] - Z
o (29 2-1]0014 #F AAREH a2 < BIEO)F AAHEd Bl&(D)e] do=
HEE= AR Bl8-2 FAasfshe Aol o] A2 & A A 495 v
¥ % k0] St s Q= Aot

M < oft

o 4 o
ron

o

d
BIPh)

fLorle o

51

40

(E 2-2) 2% HISN AZEY HIE

- YBYSS It A0l MBE F HOI0| FHE HOR 4ot Hig,
2 OHS(C) - 2T RE02 Z42 Jjolo] YEE ZYS AR 22F FHS WS
THSH0| SO, TR 9 HISE Z0IS

P
« LSS ?IeF A0l B0 O|Z7|MA| 225 = HIE.
SAEY HIBD) -2 25 2L T2 ARO[ SOfoks A AR et =8sS
SR ROl S29| THX7t =0H).
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C+D D

1 K* N

N...Number of individuals

K...required number for a decision

K=N=unanimity = C=0

C...external costs of majority voting

D...decision time costs of achieving the required majority

K*...minimum of total costs (C+D) — number of individuals required for an optimal majority

Fig. 1. The optimal majority vote (Buchanan and Tullock, 1962).

(33 2-1] 2H oAEH 2

& 2o g4 oF =z o5 e SAE AT += Ao & Aol
O AAIFAIY HEE o= AokA] oA Aol oF Ao AHE AT o
£ T § ol ol2et WY A A7 flE WE HHE Ao k. 54
A maE 22 TRgAA Y wgto] 9)F w|go] o] FH7|o| mHE X2 4]
11, ¥ Buchanan and Tullock(1962)9] oflAloflA] Aoz HA7E k*go] 52|t
AFgj TErel )7 ol B E mEEA X&o] opth 1So] WRrex|7} ofd K* o]

SRt AHiE HFol He olf= WA Ao =gste A vl&o] x*go]

ST He] oF HgHG 7] gZo|d.

N

HIE- B A0 AtelH HIE
B2 W7k SPEAe g He B E.a 1A oS 1, ARlE 7t

aKe)
o —
AZ oAt RS P Zolth. 3F WS 9T vlE- WY B4 e
A i

S ofjet ORCD 31912 A1%] ZE delel ojgolax slom), 43
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Sk w8 7o) B AbElA oI ANES FEstol AHElA v g W] B4 o]

2t X A5kl ATHA Aot 2017).

AFS)A w18 Ho] BAS o] RE A TN vX|L Azte] 7S Shsh
sto] Akt spEshel JA Azlo] e A1E AA ALolH Tejw g} wol

9] g} Zt}. Boardman, A. et al.(2014)°] Qshd dulbd oz Ao A3 H|-&
Hol2 A ] ¥ E(incremental changes)O& &33ltt. = AS]4] v]-&3}
Hol> AAof s iAol A= 71E BAA ¥t gl dHE d92=
Fuguitt, D. and Wilcox, S.(1999) T3t @& H&o] HZOo0=2 A== XFo=
Aolsith, £wole v]8yt Holg ShASE FH A dhAy S HE 7|3]H|-80] EAY5}]
AlZRetttal 7h5esto] d7slRic

A HlE-Hel BA9 R382 AP Al AR Ao E U AR Al H
2.1o] BAL A oAMAA Hof £, g FH Agof AlSA YL dF
o} ojufjo] £4] AE2 o] ZEAEV} 9] ARSlA ~He

o
L =
Zﬂ-Lo}—ﬂOIE} sk, ALEA v]§-Ho] BHoRE ojn A%E 4L HEY & ¢

1o

O

—_

oh

rr

A8E Q02D FBAAA ofulo] AB|a B8} vlg ey BAolAe] A
A A B8-S TR FEAASHE oulo] AslA w1 8L Aa FAE et
L APE w8t A3t ol RHOR Qg ABA B vlg-e EF vlgolt. &
Aol i=ofat AN Folehs ASlA HlE B3 FEAARH oJule] Al u
8ol 7t} ShAlEt ol o]2H Ao, A AR BAo] Heshls waKe
2 ofdeh. FAY BAA A21H vl L Y A A5 ¥ EYHE v go
2, Agdon 24o] 7ksat gololof Bk Hol7t oIk

olo] 7|2 H 9E S ‘AU RA} 228 2L AL AB|A B8-S TREIA}
ol that FAIYU' 2 Fek. SAQulol FA Aol 2R FAp), g,
e, vl oz Z1S8S e AR 5lak] s 349 s
Kol That A7) BREIch, ofEler A RAL 4 FLAE S clulE ARt 508

7) 271H-EME(2022. 10. 1. FD),
https://www.law.go.kr/LSW/admRulLsInfoP.do?admRulSeq=2100000177914
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M2y SHRE BASE Y| AtS[H HIZ-Holo| JHHut Y

oMol PRIl Aela] Hlg A0 7% WS ANk k. T AW A3
AT AZ22HS 349 712 FaPolde 27] B BAHIe 4 o]F £
L gx welu) 2 oo 5 BE v18S Y AURoR Ao} shul, B8 A

=
A9 T UG AVEE fOlStES XA Stk

—

ApslA 18- Ho] BN AHEH B8-S AT u ojw ulg PR ojuA
BT AL LA Uk, £ A5 183 Aol T LA o A )
S8 BEE 2R oS SW 4 AYoR A%t 49 A o, 28 5
1 ofel 3aoleh. o A% BHA B4 AL FHslo] AT E, 2017

2 QlolA] AFBSHE A1EH 8L BAA UvtHow 4 o] ALREE A
Hl 83} 9% B §o] go Aot B AT Telshs A4 Hgol Welk e
A2 @xau £2} U8, 14 W 95 29 9 U8, AR 1§, Wi v§ 5 X
bt 2 AT BIgske 9% B8-S Hrled w8l

H1E AR HIgo iy =4 29



WHEE BASE 01y Z2 MSIY g HY 37

S VAR Flo| ARSIN HIR-TO| M Al

OECD 3|¥=r&2 i FF A2 #Hste] 11 92 Addo|r Hetde=w
H7Vo7] Yol FAIDFH7HRegulatory Impact Analysis, RIA)E £k 59 &
Stal Q1o RIAOIA 7 Eo] &&= 7|¥o] H|-&-He] EAo|t}. 181l o]
2o QMT} Felsho] o] 20X ¥R W] BAO [A| AS|A WA AA|E

It

o]

o U1 W

5
Hoj|A] AF3]A H]-&-HQ] EX(Social Cost and Benefit)e]ztal A& HH S
v, 2012; A&4A, 2012; AAS, 2012; Boardman et al.,, 2014; Fuguitt and
Wilcox, 1999; Keating, 2014; A4J°}, 2017).

Are]A Bl HO] A4 Ao this] A4JoK2017)= that 22 9TAI=E st
st vk A A= tdol H= e Adsks Aeg, 1 a2 35
Ho]:f] DZAEL 14, 5°] E & Utk F A= IFHEE 285k=

, e v #
(1rnpact categories)& SFEIIIL FAHR] S AEE AAsh= Aol o WA=
A4 T HE2] YF= S AoH, oAl BiAl= dSE IdF=ES S 4 7t
A= FHsk= Aol AFslshr| B%oll= AE2JAA(willingness-to-pay)
I 22 7S AREE i T o HolZ AAZIA|SsH] S8l &

&S A&ola, 4y WMAEE 479 HiE9 «AA7HI(Net Present Value,
NPV)E AFgst= Zoltth. Iokso= & AESH| S8l =

O
i 'é'
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(33 2-2] #HFEe #2

2 AoAE 9ot 2L WEES sl F WARE SaFY ol e 24
wo] Asl wlg-Ho] Balo] Wigle A 98 Gt vse] Salwt Bl A
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N 2=

P2 FROIA Fot= BE FH, T2 OHy T2HE ) T3 Ao dis =
ZHo]al v ARl F7HE AABHESE oJFgtstal Qlvh. 18|al FE A2 9T &
A5 o] By ZZHQ] oJu|E2 JFF7HImpact Assessment)et= B AR8-o}
I glow, A HijtE= ARA R Prisks WO RE HE-He E42
Ut = AFFR(HM Treasury)i= H-E-He| £49] Ao} W4l tigh QhiA &
‘The Green book & Zlslo] S 8ol =E ol rt® ‘The Green
book'oA= Al HitEE B7Iote &4& A& MU 545 A5k Bl& 2yt
ARl S22 sk Aol 71&stal k. ol fldl AE tiide] He A

therSol thol et Asl AAE Reslor B U8 HolES HIlels,

ofl
)

N
filo

o] FAGFLM AL (17 2-313% 2ok 194 3 AL GANAE 7R
w28 Blst 27 Y] BeAe AN 294tk Ae GAeIAE AR
7} 23 BAGNA ofe ok Apuste] 7|2A9l g W] BAS ANt 3
@ol(consult) BALIAE g dhete] dhat FAHQ A AR e ofo] B
et dhote] ulg-Ho] BAe E3e JYWAAS ATt 12T

i3l Regulatory Policy Committee(RPC)OA] FAARS stal 494 25 At
oA olsitAA & RPCS} & FE gttt 1181 AP F7HAY R 2 o
TFH7AE Aokl o] SHA A TAlRIA 93] =95 AX HE AT §g 2
FAE FTH7MAE E5HA dot. @==2 olFA FA A<t HARE ARE BUF o
AR AARE AXE AXH 89 JFB7HAE Irete] A S ol
= ook T A © A J7F B AAE oA Friste] M A
Al oS A"str] e 24 AR=E EEIHEF, 2017).

8) Department for Business Innovation and Skills(2015), “Better Regulation Framework Manual: Practical Guida
nce for UK Government Officials”.
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RPC |74
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A
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2 Hot b e
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(33 2-3] =9 AL Ext

Lt S=2o| TAEL H

=

F=r2 2008990 205097k 2A7EA wiETFE 19909 Hi¥] 80% o1 AEe =
HZ sk= 7] 5HSH(Climate Change Act 2008)2 AlA| =& A|Astal, 59 &9
2A7EA i Ak sk ©Aadl4iHCarbon Budget) AEE =43t &
4= Zoke] geastE Asf olvA™(Energy Act)e AFgstaL, A 7HHS 53
Aertd S AEsh] it S FX8 Foh 1% 201340 N8 ol AE
(Bnergy Act 2013)2 A A& £ 7H#H(Electricity Market Reform, EMR)& ¥
AsReE A0R, d= FH+= EMR S B0 =o3E AeridAsE AoA EE

)

¢
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A713 Agtx wHYgoz dAstT stk o2 3] A EEElAA ok =
(Feed-in Tariff with Contract for Difference, FIT CfD)2} EA7}IASISHA|
(Carbon Price Floor, CPF), €A =(Capacity Mechanism), E4Hj& 38 7|&
JSHEmission Performance Standards) & A% FES ¢ F219th9 15
galE 518 7 Alee Al Aerdd A gaHlE S0 Atk F= Ak
2, A7t g4ulE 71EAE 450g/kWh olst2 FAsHA. o8 Faf BA Z U
ZZHCabon Capture and Storage, CCS) X7} Q= Al4f A4 AL YHF o
2 2pdsiedtt. olet EMR A3 X1 &9 Oq% W AeriPdAs 20129 1771
(23GW)olM 2016 871(14GW)= F238] AASIATHAL - AS, 2020).

ol% L 20159 TLBAL FHsHe WolA A A4 Hxz I AL
T4 AL, 202597 AhS FUs] et 2714e g4

5 &
2519tk 181 A e sl HAE 93t A S o® CCS EYS
Pk didl gadlE 518 71ES 450gCO./kWhz 7ot 22 245kl

< 20169 2A% g0 diet Fo| TAE AA 20174 9‘3—_;1011 ojsfet &4 H
= Ao % 20194 %‘%% AT He Aot 20309 A= HXE

. 5 B 42 9 BAE AGE TR AGNG 19 HE 2024d0s
g7t

Ch. SHAJEH Z™o| HZ-TO| B4 Al
FFE 20174 205K GHE JAG BATILA oI T ITH 2
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rr o

il
B

A AILE S F7i6koH, 10 2020 = AIZIE g2 20259004 20249
o7 o7 |HA EAer A7) Wslof digt 08’6}1‘137}9} 71& 202549 A4 H4of

=

9) Department of Energy and Climate Change(2010), “The Green Deal: A summary of the Government’s propo
sals”, available at https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachm
ent_data/file/47978/1010~-green-deal-summary-proposals.pdf

10) Coal Generation in Great Britain: The Pathway to a Low-Carbon Future, Consultation Document(2022. 10.

4. F3), https://www.gov.uk/government/consultations/coal-generation-in—-great-britain-the-pathway-
to—a-low-carbon-future#full-publication-update-history
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A - AAH 2 (Department for Business, Energy & Industrial Strategy, BEIS)Ol
A 7§kt DDM(Dynamic Dispatch Model) &< &-85%tt. DDM 282 g=
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11) Consultation Qutcome: Early Phase Out of Unabated Coal Generation in Great Britain(2022. 10. 4. &3, htt
ps://www.gov.uk/government/consultations/early-phase-out-of -unabated-coal-generation-in-great-
britain

12) B=9 FHSEH7F HALZ §2| HAA S AL Ol K| AATIZFL0M|A] 25t 2024\ BRAELS| FSHLItHTIA]
e

13) BEIS(2017. 11. 20.), “The Future of Coal Generation in Great Britain: Impact Assessment”.
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Commodity Prices

Sample day data
Dispatch Module

Plant availability
New build
Plant data Retirements
Investment ;

decisions Security of suppky
Hurdle rate ) Wholesale prices

X Emissions

Investor behavior

=
3
o
£
2
o)
o

New plant data

Construction cost

(E*: DECC(2012. 5.))

New plant

module
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gM 78 T

HEO| b A AR 90| AR A 20194 78 7|FOR Al X0

Option 0 A0 02t MURE Qs MERIMAO| E|S0| ZME O I
Orﬂ,ﬁpﬂ%’(‘l ore | B 0] B9 20254 0l0)= MEEALUAGA A M2 wuE
TAEOINEE A4 gon, o9l Ch2 £ K| Y MM Mo ¥Ee OFRAL |
S 0] SAT} HITEI0! IR HOIS s
. 202431 109 19 0120 22l NEHATL Y= SHOD, H3 0
Option 1 5

2024X7X| R2RR| =
MEsUEA 2H 58 ©

Option 2
2025H77HX] MEAEX| Sl 2025E 108 1€ 0|20 2YEe= MENAT gl SMY.
AMESHEUNA ZH B2

QP BA HIAE F4 Ao 285t 48 o] GRS HLsL
on], B4 Aueles 3R Aol e B g THsAle] we M Apge] wish

P WG Aol o] F4 Ao 718 e Tt Pk

(E 2-4) 3d AUz9] 712 7Hd

e 4 Allzle

4012 714 BEISQ| 20184 SR 7t M40 FUYS

ﬂJIO
oot

A HiE X|El(Industrial Emissions Directive, |ED) 2t

20204 =0 Ot A 4719 MEUFMA F otlt= 2020 30| Hi44E
MY HE XE Z2F o-o|H, £ Ef% StLi= 202149 38 HAE LES UHHX| 270 Y¥A=
2020E2H A7H Hok=20f| CHall 17% HFS 24 ==, Ol ¢t 150047

=25
2% Mt 22 Y.

HE2 318 7|22 o|HX|Y 2013(Energy Act 2013)0IM EQl= ZHo=2

52 512 7|% (Epg) HE D18 7IE WHI 20168 S5 HHEOIS. 0] HES M SRR WA
=< o8 A= OSIEIL B1E B20| MBS SOZM, Al At 2 JiA WHA 7150)
Yol 2MILA US BHES EXSIEE o= AT,

14) GOV.UK(2022. 10. 6. D), https://www.gov.uk/government/publications/fossil-fuel-price-assumptions
-2018
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A7 ASIRIAICPR)= 2021/22%E HgtE. 0] &2 B4 714 ME2 DU
MO ALZEH, FH YL0|L 25 LEHAIE 85, 2025E7HK]9
7

— LsO-

F42 20178 1128 090 HFEHN US.

SRS J|HIOZ 550gC0O,/kWh 04 HiESHE MZR 2H 222 20204
=0 Ft== T-1, T-3, T-4 Ziil= 22 2= CM Zoll= HOoHK| =&
SIS J[HtoZ M2 550gC0O,/kWh 04 BiE5H, AH| 22F kWel
8T 350kgCO; 04 HiEsoh= 71& S0 oMz 2024 108 192H
A== 2024/25 A3 HEO| ZOHoH| A AtAS R05HALE TS +~ S13.

HYHE 71X CO,
HiE Hetel A

Aot g2 A AU Qo] shH AR 7Hof tiet 24 UHEE HAES] A9
7haet Agt 7HAo] AU W2 w2 AR MY W2 SR 7HE Y] = b
A AW E F7te ZAFSIAT. &4 7132 201980014 2035@7H4] 1682 d
Ao R oh, W AL 20249 =2 202590] TaREU, AR gl Al
& TS Ft FFo] Ao mAlE FF2 2019800 AFolEs AT E A

o

3) B4 ¥=

FYFE7 HiAol= REgE B9 4Aked A8 stk v-&at
71 9] BlEoE FASH] ofER e oI vE3 Hel PR
AR Hrigt WEZ M 7Iesta vk ShHg AR Aed H-E
20199 7|& <dA7IX(Net Present Value, NPV)Z ZHitsto] AkEsict 1
S QtE H7F, Eul Bt X 93 FFF, A B, SA7IH0 I, 4
8399 IF 5 F7HQ IF A4S ot SFAQA B skl Stk

)
©
ot
i
)

jm
M d
ol
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l

)
> 2 19
& H oo &

15) GOV.UK(2022. 10. 6. &), https://mwww.gov.uk/government/publications/autumn-budget-2017-docume
nts
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—@— Option 1: mandated closure in 2024

N
o

—— Option 2: mandated closure in 2025

— — — Option 0: No mandated closure

—
ol

Installed capacity (GW)

—
o

0

S ST 5P 5O 5 (P90 0 o P 8 o 9B (P S (P P P S

(EX: BEIS(2020. 10.))
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(& 2-5) H|o]A2tQI CHH| & ES=X|0fl gt Option 12| SHst H&t

. : _ Option 1 - Option 1 -

NPV of monetised changes to Option 1 2024 stop 2024 stop

consumer and producer surplus, 2024 stop . . :
. High fossil fuel | Low fossil fuel
cumulative to 2035 Central 4 : X .

price scenario | price scenario

Carbon costs 10 70 15

(inSIenii’[Z:?onn rfss:jrs) 10 60 75
Net i

Welfare Capital costs -45 90 -5

System costs -100 15 -15

Other costs 10 -50 -10

Total change in Net Welfare £m -15 80 55
(EX: BEIS(2020. 10.))

GFH7E BIHol AL 919 Shlske 4T Aot vstelste Rt AnE %
gslol (19 2-61 2ol ackgisiol ANsigiet. #4 A 202410714 Aesi
HHLE SHL B9 JHES £145m, HlZ £130mE +HYZ -£15m= Y
Ehtet

X2

2 =Ue Ateld Hig-H
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Summary: Analysis & Evidence Policy Option 1
Description: Regulation mandating unabated coal plant closure by 2024 (the preferred option).
FULL ECONOMIC ASSESSMENT

Price Base PV Base Time Period Net Benefit (Present Value (PV)) (Em)

Year 2019 Year 2019 | Years 2019-2035 | | ow- 15 High: 80 | Best Estimate: -15

COSTS (Em) Tota_l Transition ) Average Ann!.lal Total Cost
(Constant Price)  Years | (excl. Transition) (Constant Price) (Present Value)

Low Optional -10 -145

High Optional 0 -30

Best Estimate | -10 -145

Description and scale of key monetised costs by ‘main affected groups’

Key monetised costs are those that result from the exit of unabated coal stations from the electricity market and their
replacement with alternative new capacity and existing generation, as well as the associated impact on the energy
system_ The following impacts have been monetised- change in carbon and capital costs. These costs are forecast to be
£145m in the Central scenario.

Other key non-monetised costs by ‘main affected groups’

An assessment of the administration costs of implementation of this policy to be incurred by government, regulators and
industry is difficult but is considered in Sections 3 and 5. Implementation will make use of existing data and reporting
mechanisms to assess the carbon intensity of generation in abated coal units after 2024, and so additional costs are
considered to be negligible in comparison to other components of the cost benefit analysis. Furthermore it is anticipated
that no coal plants would remain operational after the coal closure date meaning that admin cost would not anse. In theory,
increased demand for new generation capacity could as a result of this policy lead to higher construction costs in the short
term if physical build constraints are approached. However, evidence for construction capacity indicate such constraints
will not be limiting.

BENEFITS (Em)

Total Transition
(Constant Pricej)  Years

Average Annual
(excl. Transition) (Constant Price)

Total Benefit
(Present Value)

Low Optional 5 130
High Optional 10 180
Best Estimate | 10 130

Description and scale of key monetised benefits by ‘main affected groups’

The following impacts have been monetised: Generation costs, carbon costs, and changes in network and balancing
cosfs (system costs) These benefits are expected to be £130m in the Central scenario. Benefits, excluding non-
monetised benefits described below, are therefore estimated to partially offset the costs

Other key non-monetised benefits by ‘main affected groups’

Benefits that have not been monetised include: lower financing costs for new plants, such as gas plants, resulting from an
increased certainty that coal will come off the system and provide more opportunities for new generation, and,
consequently, higher revenues; and the positive impact on the intemnational climate change arena by the UK being one of
the first developed countries to close unabated coal generation; and potential secunty of supply impacts. The analysis in
section 5 discusses the non-monetised benefits in more detail.

Key assumptions/sensitivities/risks Discount rate 35
The key assumptions are those that significantly affect the economics of coal, as this determines the profile of coal
generation and retirements without intervention. These assumptions include future fossil fuel prices, decisions on
compliance with Industrial Emissions Directive, and future low carbon deployment The present value base year is 2018
as analysis indicates that costs and benefits will commence in 2019, although the proposed regulation will not come into
effect until some years later.

BUSINESS ASSESSMENT (Option 1)

Direct impact on business (Equivalent Annual) £m:
Costs: Benefits: Net:

Score for Business Impact Target (qualifying
provisions only) £m:

£50m

(E: BEIS(2020. 10.))

[2% 2-6] Option 12| L7t Z1} Q9F HO|X|
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F ATEHIE, 2016). =Y FAIGFEA(Regulatory Impact Analysis, RIA) A|
A A2 A4 (Office of Management & Budget, OMB)OIA &% #&]--&FstaL
Ut vl FAIFFBHY] A= FYPB(Executive Order)E¥ Circular A-49]
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718, ANE BN R A ZeAEo] AuE oSk AAZoln FFA

o drgstal Stk E]al R AFUo)A sl 8- He] Eajo] AbA u]g-
Holah FEE|o] ALSA Wl vl8-Z 3t ASE =H(social net benefits)&
Z7gofoF T Azt et &, Aol disl 7=l Hd} H-E AAol o Zd
% = SJm|RItH(A /ot 2017).

HE-Hol 45 & o v]&d} Hel BF F474 &9 YEl=s stal QIAIRE
387 £ Aol= E9%(physical) @912 FFsHAU ol= ¢t F Fol= FH
9 Z(qualitatively)Z= 7]&dfoF gt} HibE9] v-83} HWelS H|u - B7lsl7] Il

< A 227t §1& 9ol sigshe HlolAaEl(baseline)?] H7go] B35, Hej

16) OMB(2003), supra note 72 & @&1%I(2015) X{oIE.
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(BX : 252(2014))

(33 2-7] 0= w8 M Hun HE 1Y e

44 zsiojeing



H2Y SHRE BASE Y| AEY HIZ-Holo| JHHat HY

L} O29| Metars 3R| S

2015¢ 8¢ w5 QH} HROjA= 20309714 BAaHiEE 20059 HiH] 32%=
AEsh] At Ag H -4 AN Agk A=l HH -2 A E(Clean Power Plan,
CPP)Q‘ THYC FEAGAG L TR0 24V Ay e F 9] 57F 247t
= %ﬂi(NatlonaH Determined Contribution, NDC)& E4J517] ¢t FZ o
2, vt tiEsg o] 7158 H ] d4Ql 7| FHSEEAEY &5 AR SHEA
CPP= "= 247FA HiETF9] 31%(20149 719)E AAsk= A€ —r—-—«] EAaHlE
= ATk Ao s, WA gAaHES Ak FZS =7t 2
£ &9l SR A4 WAL saviEy A% shE 7= W LdEdE &
AT FA0 oA g4, i B F305ke] 71538} b8 215t A7
2Fo] 7|HhE mskalA} sieith &, S AR 7N EH AL HiEHE ATT 2N
A o

r_>.il~>£n1

AR Ak WHLE Hrh AT HARHOET LT FA
wAUe] S Sfetid ST £ AL 2015W0] R FPAAA
FHoE nlo] Mg Bal A B AsBiA ek

= 3 H 33 (Environmental Protection Agency, EPA) CPPE &df 7|&
A= A4 EHA(Electric Generating Units, EGUs)9] 2AI7IA W& 7= 4
g2 FHT b FolA wEtol st FF e ARS tha 2ol AASHAH. o714
71& N AE Aa THLE HARE ARSohe S7] A SRA(YREE o2 Mgt
2 AR oAt 1A Aa HYI(EATIA EFIEIEMN] F ] fEL
2 JEsk QIth17)

D & 7 79 7€ s A4 WAL F 745 A A"(Best System of
Emissions Reduction, BSER)& UEH= CO; #iE 85 HIE(FHIL)1®)

D) CO; ¥iE WS Wt 73 SoiE CO, B

3) Z% =3 240 TR CO; HiE JAAEE F3sh] gt HiE 7e &2 HE

o FE ALY NE, Ale " ol die A

H
ugﬂ ru

O
1__E

17) EPA(2022.10.10. B3, “FACT SHEET: Overview of the Clean Power Plan”, https://19january2017snapsho
t.epa.gov/cleanpowerplan/fact-sheet-overview-clean-power—plan_.html#print

18) CPP 220j|Al= CO, HiE M5 HIES CO, emission performance rate2tl E&i5|0 QIO0, EPA7I AESHT | 4
XIE (B 2-6)2 Z0] MWhE CO, IH2EE MASHL U0 LUTAL] EAHIE FE0| SHESt= XHE2L & 5 US.
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o3t x| o] uet F HR= A A AIAH(BSER) 282 53 g4Jo] 7153t HiE
Algt /45 71¥(standard of performance)= F=H3loF 5H, o] ZTpAollA = B8
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ZA517] Y8 AF= 7)HF HZ W (rate-based illustrative plan approach)d &
ZF 718 "L WAl(mass-based illustrative plan approach)®] % 714 dA1& A
HHAlE wdlEskint. Hok: 7|uk H WHaloA= ZF 39| A A viEol
A HH1E AAE Z 7|70 G Hd vEES 25k E 87EHH, TF 7N g
WAoo A= ZF 9] At HiEol g F FF 7Nt BERE 236K Y
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2t 22 71 SH Yo 2 HE 9] Wso] 2otE|o] AL
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HAFol 78 &0l B82 & A=T 383 o3 Alue] oA I
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2% HiE A Bl 2 HAS AN Yol A FEAClAE 2020, 20254,
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20229 o|HoJA|qt, EPA= 9} A ti EHAEC] Xt E 3T HHEE S5
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ROl AL RIAGIA BASHe S47kA B2 7% &k, 4] 25 v1§3t 6o, 4
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AF a2 5o 9BEz B4 Wy B4 2 52 AWRug g
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1) 247 wiE 35 a9

CPPO gt RIACIA= IPMZ ol-&3te] fofe 78 H ’H4 8 &5 714 2
Aoz ZAT A ARl e 715 B 71 9EE(CO,, SO, NOY9| i A=
= AP 19 T 20059 HiES HiBl CO, 5 58 (E 2-7)3 2ol Ast
A k. Yo 71HE A P ST 7IHE A FAe e CO, H5 ¥k 2020
14 20309 &2 22~32%= H|S5HA| LERT. 203051 A #5 Bt o= 7t
EE $HY 35200549 diF] 87199kE2] COE 452 = oH, FF 7Ivt 51
4% 809 TES] A= B} YErd Zles vfiﬁbﬂ. ole THAIZE AREA] k=

1% AlEl(base case) Y] F 4109HEQ] COE F7H308 HEdl= 50|t

ng
Ft

[©)

N

I 2-7) RIAOIA A5t 20054 CHH| Ol CO, A=

T CC();;E)%F 200583 Eﬂj&gz 45% 20054 ol CO, 25 Hig
% 2005 2020 2025 2030 2020 2025 2030
Base case 2,682 -b28 -518 -456 -20% -19% -17%
Fiote J|gt - -598 -750 -871 -22% -28% -32%
S 718t - -610 -782 -869 -23% -29% -32%

(&X: EPA(2015), “Regulatory Impact Analysis for the Clean Power Plan Final Rule”)
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Q01 ERIEIX| 9191, 21t SO9 NO, 247} 52 X210 T2 712 Holol =S RX[5HD, PM, 52 15t FHoje
SisiEl £712 Holo| 10% DIPIOR 3| g8,

H2E 2R AN HIg-me| 24 A 49



(]
°
g
oX

2o} ALEIE H|g-HO I -

2) B &

CPP & Aol thet &5 Hl-& 4= 71 ARt olAA AlY F 34 A2t
o W Hlg Wsle 2HsIR0H, of Mol 48 = ofdx &g AN 8w B

EY, B3 7|5 #=|(Monitoring, Reporting, and Recordkeeping requirements,
MR&R)202} #HH H]-8o] ZItHT}.

ATt F W8 E4E dx9 HF ARS E5te dl aidEE F7F HlEeR
A0 IE AN =L Yol gt Azt A F2F HE9 < ®¥g},
A A5 A G HE, dRAS HE, 8 & oyA] ae /A HlE.2D T1F
I8 =7E HARt 7IE 229 g HSkE 2okttt T 7HA] oAA Ag HE H
Ao gt H-§ B4 Aik= (3 2-8)F gom, B 20114 7& EE= ’5‘47@}5]04
ok 24 Ay HYk 7)HE JE FAoM= A7 & HlEo] 20204 259
20259 10992, 20309 84gei7t 429 Ao g FAHUN. FF 7|t %‘3—3 el
AlolM= 22 149998, 3098, 519989 H|Eo] 428F ZAoE AT

(B 2-8) T 7l U £ 7l AE H2 WA Chet 7Y T4 HIZ

(2 20114 7|12 109E3)

71E A ol Hig 37

A= 7|8t F2 B3 Jlut 32
2020 $2.5 $1.4
2025 $1.0 $3.0
2030 $8.4 $5.1

(EX: EPA(2015), “Regulatory Impact Analysis for the Clean Power Plan Final Rule”)
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(EX: EPA(2015), “Regulatory Impact Analysis for the Clean Power Plan Final Rule”)

719 H EAo] A& SC-CO, F4W2 EPALL 78t JFF7T &9 Adut
(Interagency Working Group, IWG)S 4351 3719 &% H7HEd(Integrated
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CO, HiET oA Hgte}t ¥eE FFE 3 7= 4ok HHECE, v At
4, A7t A%, B AE SUEE AT AAE g, ofHAAAE HE w2
4, WY Y vE 71 ol |§& WLl 7% 3 c}'*— Zobsto] 7%k
o}, o] HHES vty o= A 23 /\]“ﬂoi 9414E1 T H%

71 AR At 7 BEAL A E A Al 1 el Pssh 0 2
7} wolA 71 27 wele swske Aog 7
A7 BWL 0] oy Aol wdsto] 2Rtk PM, 594 oz 3H
ot7] Yol B W] HH(benefit-per-ton approach)2 &-851%0H, O] P2
£ RAE B3l AR PMys 2 & weEo] tigh AxF 17 ¥Hg-|9f QI HlofH,
1= A7 A5, d714 Holg 2 FAA B7F JEE A AREst] 17 ¥F 2 A4
12 HolS F7lokes Wl o] ZA0A £ Hel Ao FE=-A LY b7

a
¢

N

2 EN

N
=)

54  zzjojyeiny



| BRio| ALl HiZ

=1
=

=
EAS

Et

H2g SRR

A HGoIA 4

4 9

A

o Agstn @
w87k 5o AH veh

1ol 4714 SC-COk

2 Q3]

10

Oo_O
==

o]

3t CO, Hi

o)

Slo
=

3 3%, 7%

of

]

‘jO

aLIE
Oll

Al Jof wE

2?1_

]

= O A
=2 o

¥ WIS Wk

kel

| TS 20204, 20254, 2030

To]

ot

of

Foltt.

201149 €9 7]

A=

RIA HEIA0|A]

2-8]3}F Zro] YERHL 9t 20309 71F 3%

__OMI

20304 7]

AN
R

il 2, FHoFe 7]Hh oA

9]

B

& 7HE F2HolA 203049 71

= 202 Yeyth &

g

Jo] 260~4501E o] &

o}J
o
o

L o]

2 FAEAH. 224l o719

5199E8 & £Heo] 260~43099<Ed

wre
r
Y

jo°

el
o

o

]

flolelut Belg Ak CO, HiE FARE Q

St d

Skl ot E

7 A
AR L A A S Asd St

St
o

o
=

1

o°

!

Njo
I

0]
L

<

N
Jo

o

H2Z =l Akl H|



WHES EAZY O ZE9 AEIY HIg-HY

EOIT 7|8t B2 WAQ| shHstE Ho|t F4 HIg, 2T
Rate-Based Approach
2020 2025 2030
Climate Benefits ®
5% discount rate $0.80 $3.1 $6.4
3% discount rate $2.8 $10 $20
2.5% discount rate $4.1 $15 $29
M 0,
95th percentlle at3% $8.2 $31 $61
discount rate

Air Quality Co-benefits Discount Rate
3% 7% 3% 7% 3% 7%

Air Quality Health
Co-benefits ©
Compliance Costs ¢ $2.5 $1.0 $8.4

Net Benefits © $1.0to0 $2.1 $1.0t0$2.0 $17t0$27  $16to $25 $26 to $45 $25 to $43

$0.70t0 $1.8  $0.64t0$1.7 $741t0$18 $6.7to $16 $14 to $34 $13 to $31

Non-monetized climate benefits

Reductions in exposure to ambient NO> and SO»
Non-Monetized

. Reductions in mercury deposition
Benefits v aep

Ecosystem benefits associated with reductions in emissions of NOx, SO, PM, and mercury

Visibility impairment

£ 7jur H2 WA SIS BT F4 B, 2T
Mass-Based Approach
2020 2025 2030
Climate Benefits ®
5% discount rate $0.94 $3.6 $6.4
3% discount rate $3.3 $12 $20
2.5% discount rate $4.9 $17 $29
1 0,

95th percentile at 3% §9.7 $35 $60

discount rate

Air Quality Co-benefits Discount Rate
3% 7% 3% 7% 3% 7%

Air Quality Health ¢, (518 §18(0844 $7.110817 $6.500816 $1210%28  $1110$26
Co-benefits ¢
Compliance Costs ¢ $1.4 $3.0 $5.1
Net Benefits © $3.91t0 $6.7 $3.7t0 $6.3 $16 to $26 $15to $24 $26 to $43 $25 to $40
Non-monetized climate benefits
Reductions in exposure to ambient NO2 and SO»
Non-Monetized Reductions in mercury deposition
Benefits

Ecosystem benefits associated with reductions in emissions of NOx, SO,, PM, and
mercury

Visibility improvement

(EA: EPA(2015), “Regulatory Impact Analysis for the Clean Power Plan Final Rule”)
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H1g-we] EAoIAE AR Q% 1§ 4T BAL dwsek UA ok,
% 1356380014 A JEo] 4] Eo] UE A P 18 e

THSIES i 9ol £ RIAHE HF Wiz Ao] G 3809 Fee
1718

23, FF & AHoRE Qs AE, A, HA7tA FRoA 9 dAE = &
AT Aoz Aottt Heke 7|ah T ®4loA= 20259 25,0007H] It
7}, 2030900 30,900709] GAte|7 A Ao& vyttt E3 S5 715 HL
Ao A= 20259 26,000719] O‘X}W} 2030E9]+= 33,700709] LAt <= A
She ZACo& Uehgth I8u 8 & ojvA 8& /M ZEIHA= A 18 3
7} 20309 52,000~83,0007] &0 Yehb= Zog BEXA3T)

1:01

El =4 AHIEEY

7t =U ARISSEES L

Sl BHFAZIEY A7z whek FATAS ALSAY ek A9 A
UL YRR AR ek, FHTAVIE ALE ALIAE 74
AGEAS FAR A5 ulo) AU A2 AR B Fol AL ol 4 Aw
Hol1 TS WS ABoIo] ofE- AL A HE B et 1
2 ANHe Aow HFSE itk oflold WHTAR St AP AL 54
3 YHEAL Asl] 98] Fulo) WS ATSAY RS Bl o, U

23) Executive Order 13563(2011): “our regulatory system must protect public health, welfare, safety, and our e
nvironment while promoting economic growth, innovation, competitiveness, and job creation. It must be b
ased on the best available science.”

24) SEATIEE H2ZE M1 MR AR’ 0|2 HE QISH F2I0| UrME ALS|- ZH|-JF SOl DIXl=
042 7K %%’E ZHEPE0| 1 SIAO1 S AEoI0 O]2] O - 2AMRto =M A2 Etdd e THSI= 71E2 MAlot
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Fol} 2 o] FHHE AFS WAHBHFAZILY A2% A1F A12). 19
U 23], uel, AuAEL, AABAAE B Aol SHe Ao st WA
A Age At e

FAGFEAA ARAH L FERPPNN ARG, B AT A
FEAA BN 2021, 8) Faste] Aestach. [FAGTRAA A, o
Ae FAGFEANS APt BER T THLIL U £ FAS AL
e A AHe B A FLS ADY A, BEAG FA AA Py 2
FAAY NFA- el o ek AN 9

i

ol

o] Aol wet FAWH/ W] G A AH FL Gt A FAGFEANES 2
Sto] Q¥ ol 7%k Bt Sl Faeky, AEE AL AEste] FAFFLAN
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B3 AHoks] Jolola tiehe BASHE 5O HAS Fo Aoz %@a@ A9 41
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ovz|e] 35 9 4 BES HARE AFA FEaF(partial equilibrium) g2
=, A9 Ao 7]5tsto] FAIAE Hl-Etotal system cost)= Aot AP FH
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&5t A+ "ol AAF R /et RPo R AYin] REA], =5, 44, 7))
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AA, 71e9] Mst B 71ed B4 W9 5ol golstH, AE 7] 2 A3
71& 4 8ol 7Fssithe Aol Utk METER 232 15 A& X3tEo] o=
T7gofl A Qr9€H2017). Ahn and Jeon(2019) 9] AtollA E-E=3Ut.29

A AZICHE Mg S viget A5k HEast By
~NPUT= | Objective Function :min(70) OUTPUT
wEeR TC = Y{(AIC x DFV) + (AFOC + AFC + ACC) x DF0}
AZicHE HH|8Z
S Supply & Dermand Balance a@gopn
HIZG| 0l E_Demand(y, seasons, week, hr) <
(caPexOPEX I, = o4REERE
| Bk Y {AT(y. t seasons, week, hr) x OP(v.t) — ESS_C(y. seasons, week. hr) +
71
R HRE L ESS_D(y, seasons, week, hr)} x(wu—td_lussfy]) x;lﬂﬂ—aux_u! e{y)] 27 g
el : 100 Y 100
SHIEHAHEY AHEIHIE
ey Stodk Balance
L 100 — PSR(y,t) 100 — UPSR(y,t)
A\ J AT(y. t. seasons, week, hr) x OP{y, t} < D0 » 100 ® STyt A\ /
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A HAGIAE 19 87604 B, o1, 7he, A20] AARW), 75, FLQ), 5
24X7H24)90 Wt Ui % 1927 Bk Sjol ol HAjsie T o
eh o] B4 A 20509714 gk B, WA AYL el Lefola A7k
Sl HAsEch APl e) Az WA B4 20179 AFES] ALE A7k
9 joRge FeUA] wd AKe Fust

METER He 52 599 5 7k 34 oz dmd wh Aulo] ofe =
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43R 7 9 WYl AEEE £EE] o] drd Auact ofux]
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Y BE 1y 9] 7|Eo R A AEl(Reference Fnergy System, RES)S A &Y
84Q1 I duet £ EHMEHY 88 4= YHV|E, ol Bt A8l A
gog gHn. /E TH7e2 270 I AR XS FYLARE 8ot T
H HA7&e9 71e4 40 "Rt dgS AYabste txo|th. METER-219= WA
A= F 1370 A&, 7IeZ F 26370 70| BtPE] Ut} MRA == ESS9F 4
S 7l&eZ =Rt A 157HA], Mgt 5071, ¥R 3071, 7k 5671, 5 1071, &
W3 57HA], CCS 4714, retrofit WA 937]=2 F 26371 7ot Aests, A}
g, 7taEe 22 AsovR|de B8 /i &9 7 A3, 7]E FlofEdf wt
FdRE, T3 Ak, 79, AYF HA 5 M THYY EAAS & 4 UoH, dEs

30) B} H{H2] E2 201712 2050STHK| EXEIS 35K B, 2017H2E] 20207HK] T Zite| PAHES
B O AKRSHL O, 23 D) T IHES 747 5, 20211 IKEI0 24 ZNIS HAGHL S
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[23 3-3] MY =2 J|Z0HHX|A|AE(Reference Energy System, RES)

CHQISH H3nto| MY H|w 2 METER 2&2| EX0f| TiaHAl= Ahn and Jeon(2019)2] pp. 204-2052 &8 4= QI
£ 2t Ahn and Jeon(2019)2] B2 KA 20194 7|& HAY,
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Lt MOX[E HIE

2030 AF%F NDC 2% 2 2050 &84%FY 2 Ao 935+ o
Ql 40} At yjol= ofZ] 44835} TAof QI &7 1 2o FE 5X 9 IA A+
| AR E TAZR §rYgotdt. 42 HR= dHUo-Aet T4 i3I

713 wet 2
48 Llole] 3 U182 20304l AAFIET 208 24 109 T

FFOF UE ot E dHYot i =9 WP, 2021). £ AFolAE=
H A2 or dtgsto] @A oA 1/27H4] sHEtd Ao ® 7HYsiaitt. 4R
9] A% FASFAE= AAE e 7] BAE DL gloy, 2050 ©AFH E8E=
TIRGA0 S ofd AAS SESHA] Zoto] AEEtEA] X3 AdEjoltt. ftEyof
oF g A W AFA7E EAsing, T84 7S TEA(2019),32) TEA(2020),33)
ICCT(2020),3% BNEF(2020)35 & =9 A+ 7|9 MY E HESHE 4744 o]
3y 71 EAEY ddeAs FFERVHES e RE ARHIE vhYsiith
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[22 3-5] AMofU{X|¥ Z2F £t7H2020~20501)

32) IEA(2019), “The Future of Hydrogen”.

33) IEA(2020), “G20 Hydrogen report: Assumptions”.

34) ICCT(2020), “Assessment of Hydrogen Production Costs from Electrolysis: United States and Europe”.
35) BNEF(2020), “Hydrogen Economy Outlook’”.

82 =zojeiry



m

t

un
0x
ujo
d0
ro
E
rx
--VI
Ao
oM
Hu
A
J_I.

- H3E

5
oy
o

r

E BAojA AHLS

s E:ﬂ ] 283t B4 7FAL 204097 20504 S9] drl QAiHZo||ut,
. - o el

b H]8-2 2030 NDC AFFRRES Adsts oA =28 2go] Az
: ]_ o] Bt 7}A £20 QAfslt} 220 uiaislo] Ao TAL0] }jOI
_1:_ . X] FJ:}J\_ 7]-7;]% :—H/\‘];HO]: i E]__ OE]

3 sljoF it 204097} 205049 9] i
0] A 1 TS 9 7VAL 1EAS] SD Al
et e t; Gkl % HiEo g AAEQY, Axd A2E 2030979 dA4S
Act. Bl FeH &4 71E9 A2E o 183 go T
. =1 = =3 .

d

[23 3-6] AlLIZ|E EA HIE HX|



UHMES ELAZY OIY ZRY AN HIG-HO| AT -

BEN ATHAOILIR] 2 OIXIRERRIESS) 71& HA

N ;ﬂx] 7]./\]-31:1] /\/\ o]—
Zlo] \F ﬂ01 ULt AT == T
A3} ESS(ElEol2 e 8]) 1ol ZatE|o] Utk 2050 ©HAFTH AU 9] 835t
IR ARl A ARt AR AR 7]=2] FAH| ot Ba H|-&3} &)
gasy AU A WA AY B olvA] Aol =83 AT gtk AR A
g oA AGAR Q] AH] FAHH]of isfA= 71591710 dSots A AlAH 55 E
71&9] WY FE Ecte] 244 Vs 7HE Ads 1Este] vtgstith 2y W
dHgE AARZoNARA] L AJAAFGA] BAH] D QG FAHl= IRENA(2020),
NREL(2020), BNEF(2020), 2018 ~ 2021 SH=AgBAAR, sAFAIEAsIZ2Eg, 4=
AFAZEY, 2020 AN AA A 5 L] APAT D B9 HY TlolHE
ZEoieltt. 2 W vrdE AP |R (G, & sd3E, A=A, 47HAHA],
ESSE 71& ¥ ¥ Hgo] wE v-& st 2Este] 2050W7HA] ofehots A
A= CAPEX, O&M HBAE HA= star vk [1" 3-7158 [18 3-9= HYD,
- o35, ESSoll thet A= AdH| A AAE Holsa Qi

S
2ok 84 . vlolo, 28, e, A%

19

E 3-4) MMdoux] ® MEEX 2 2 UHH0lH

F2 Yol &5
Iy = MR AN EPSIS(HEISATEAIAR), MIMOILIK/eA, HASHZ
% 3 FAY H
O HIBAE ATMOILIR]7 |2 H S, SAZF e st2 o,

BB W wol

—

g8 X 2 2L HY

IRENA(2020), BNEF(2020), NREL(2020), IEA(2020),

HH A BIRE |1 2(2014), Bhe| BN W =R S Ch o7 K2
%Et” %DE! ELJ Jtn_-luor AAARNHBIAS OHAIO| 21O 29
AATPAEE] GRFK) FadNgdel=2E MY SH Z0f 714

RS A A AH ,
2 0188 4 X Hzox) EPOSESSABRALE), BENAE020). BNEF2020)

MLl HFE HYT U B AR wH A

=

B dt Al Ofut. Xy — -
A||7_H:|'|E EII_-I Ex—l(EHOO 6—|) (2018~2020)

HEES(ESS) NREL(2019) Cost Projesi‘éisanggf Utility Scale Battery
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H 1719 7|ed I AR F4] BARAE ZUHE Aol tgoltt. ojof] 2y W 7]
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2| EXH 3 23] UEAIGFTITE, IEA20202)
EUIEN Mozt MHErgrlEA g HE dME 7HY
A=l 48 I MY EPSIS(HASAZEAIAR) Q] S HIt
UHLH EoE EPSIS(MESAHZEAIAR) YH7|E 2= 44X
A=l 2 A= FXE 202049 ML HRISA A/HAY HXg 45
=g HEA 2HTIA QIHIEZ] HA
g2 WM Y EXH| ZAE(CCS) NREL(2020) Annual Technology Baseline

AU e HE4-E EEoP] Yo Aozt AGFF7|EAG (7 R)0] 59 &=
B8 AYE 202597H4] E85kal o]F 2030 NDC AFRre] 2030d Ag4=90]
g0l AFAQ F7HE 7Pttt AoxF A7|2el A 2034@7HA] 9] HE4=8 Aol
KGol| 714A oA &=HE, 2034W7HA1E 20264 o|F o|FA AY A7} AFEE=
Ao 2 AYsict. o] ©®aFy AUg e 20509 SX WAH 9 B S &
AER 243 2050d ZE,Q0] TESIEE, 2035WRE YT ABAF F/ES
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710 @84 WiEFT moule Aeid(2020)9] ARE 7|HoE Hesto] 27
3 g2 ARESEotE 2 AollAe d71edEd oY ToulgeR ZEF(2020)0
A B8 g AE5E2015379] HiA ZRE wsH|gat pF Fame AlQgt
IMF(2014)38) 7|9t m]afju]8-2 2% 8ottt 28+t 15-4(2015) 719k msfu]&
2 Korzhenevych, A. et al(2014)399] 7|2 FE4 AR H|E&S HIg O R o]
S AHRET ASES HHYsto] 20164 7|E02 A gholtt IMF(2014) 714t
T3H]&2 2010¢ "= B 7|& 7| Ld=d T HoinlE FHAE v o R
o]5t 2(2018)°14 T&, GDP J5E, 71 55 &8ol0] 20164 7| =E #H
oo 3t =AJolr}. & mojH|-E2 77| tE H7HdolEe} 71E Ak, M HY 2
=2 QIsf tlo]gl v|-gof to]7} WSt olo] & A= AHAETHAFE &8
sto] 202149 71 H-§o= SHibety, ZF 7| LAEAEE B4Rl 215 A H st
-85kt

(E 4-1) 2 879 H7|QEEXE L|sHHIS(3/kg)

PM2s
T = NOy SO«

Rural | Suburban| Urban

KEI(2015) 46,417 37,822 118,144 | 176,664 | 455,661
LNG 36,559 49,977 65,564

IMF(2014)

A 36,651 50,755 66,352

KEI(2015)9] IMF(2014)2] KEI(2015)Q] X HHISS

2 o7 25| IjoHH|S MEHN OJohH|E | XG0 M2t 7t Hoet LioHH|&
46,417 50,755 314,445

(Rh=: ZEf1(2020), 7 |QESE HUS I8t UUEE A=l M7t Jid WOk o7, 9] HI0|EE F15H0 S7AL ZH)

37) HY-ZAER((2015), ' IRLEEE AlelM HI JHI AL, SHEAHSRIEREES].
38) IMF(2014), Getting Energy Prices Right.
39) Korzhenevych, A. et al.(2014), “Update of the Handbook on External Costs of Transport”, Ricardo-AEA.
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7= BL CN_A CN_B CN_C-1 CN_C-2
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2) B3PS &83 B4

ESO-JEDI HZ o]-&sf oflvA] Age] Akal4] kel ot EA= 11§ I =4
St A% 9tk ESO-JEDI 32 ESO-X L3I JEDI Zo] dZH Zo|ct
ESO-X E@2 Algtg Ag48, AYAUA] 7R84, dBle, His 53 5 Al2H A
Aol ohgt AoF off ZF W W AR Ve ZEETQE ORXOE AARIh
JEDI(Job and Economic Development Impact) B2 Het4 ofjuf 2] vjx]9] 2|
& I, T 1 I VP SFE S BF 2= OECDE] ARRIAA
Z 824 flo|gH|o]A(STructural ANalysis Database, STAN)Q] =7} AFRIATAEE
g-goto] AFATEAE FPske Kot Patrizio, P. et al.(2020)9] AFtolA=
ESO-X ®E39] H|-go| JEDI 29 R7PHA(GVA)LE 1-8R1¢E Aok 47t &
o}, o]& TAIBKE A2 [1F 4-7]3 Zr

Socio-economic impacts of energy transition

r ESO model —— — ESO - JEDI
Technology portfolio:
* CAPEX

= OPEX Gross Value added
= Capacity factor E— (GVA)

* Installed capacity
= Discount rate *

* Fossils (coal, NGCC)

® Renewables (Solar, Hydro, &
wind)

* Bioenergy

® Muclear

® Fossils wCCS

* BECCS

o
@,\ Energy system optimization &7
S s
— Objective function:

® Cost minimization
® Social value maximization:

Min(TSC-GVA)

£
Socio-economic analysis é}“

1
1
1
)
: GVA Labor content
)
1
1
)

Domestic expenditures Optimization framework:
eai’e = Perfect foresight

& Value chain mapping £ * Endogenous tech learning
< A" * Timeframe: 2015-2050

Imported commadities
(components, fuels, services)

Figure 1. Analytical Framework Adopted in the Study
Dashed lines indicate the link between ESO and JED| models where the labor contentand the GVA of each technelogy in the different economic sectors
have been embedded in the optimization process

[23 4-7] ESO-JEDI 28 I3
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Patrizio, P. et al.(2020)2 A #2 U Al @A H=7 A2 t& EU 378 =27}
(EHE, AHRl, F=H)Y oA Ao = I AE F77tA9] W, 189 HE
2 v} ol Y ESO(Energy System Optimization) 2@ ofx] gA Z
W 239} JEDI 9] FH RUPHA 9] & Sttt Patrizio, P. et al.(2020)
o] XS 9ol ARESE AW AlUE]| 2= BAU AU, SA|AH H[ETHS: | ASlol=
AllTech AU 2, Ao qA] BiAE =Sth3lsk= ReStor AU 2, A4 A3 7hs
BEEE F7PHDE Hdiekshe EQ AlYelez & 47t ESO 2¥Le= 20509
7MY T &5 S AARRE F olee A &89 ¥ige] wE Fiid, Al

18 S-S JEDI HgoF APt

AllTech Al 2o]q Bdes A=to] Heiee B85 231 WAz 942
Slel ol A B dsiok gl wre FAHQ 31§ o] vehdeh, AT 78S
nss B5SH] BRgc G AN 45 Uel AACIPY, Fe)o]
o WAl ko] A2 ﬂxﬂ 4% S5 53] EQ AlLtel o)A
AZE ohlet Ak} Aol A4 1.8718] S7bh Uehdeh. ol & Rk Ak At
7142 o83 oA ML 18 ¥Z, 18U Thet Folo} Bl T Fehz A4
e}, obead e Eo UAR At AU B4 ofeks 4Aee Ut
oy 24 Anz ojux Agel A9 Z¥4 WL ¥ 4
Kuriyama and Abe(2021)& ABoIdA Aol B4 HEE Aol okiet A
T3] BARICH: AHo] Hetste] ofuix] Agte] AR Y A F5o] Felo]
2 7Ms4e BPOE WEYh ATE 2uo of
6}@1 oI A<l 4 Bare A gelof 2
a2 55 B9 v T8 WSE AUW B4 YRsATe) SEd P
4 el AT W 8% A0 St AP IseITe] B4 AES SHes
Hol7] 95} Edx 24

_4

(ol
fl 401'
I

SHAIE ESO-JEDI 30|y REFIO B F 7HA] H5F ARIATEA Ho] 7|9kt
Hgot}. QhA] AMYATHEA HHollA drget viet Ry iA| R A1) ARt 18 JFE
TES 02 139 ATE ARgs]ollE WAl 9 oA 187 AYS By
Sth= £ A+ 50| vls) & HO}E} T3 e Ao 1-8A 49 e Syt
AL 34 Amrt 25k Aol I 18AFE AR Za7t g7l ¢



WHES ELAZY O ZE9 ALEIE HIg-HY #7 o

et 42S A8 Ao st

2 A7e A ARAT PHE § 292 Z87t 18 AN B4 WHES A8

4 A
H A 4 fgol| EAAEEEE 7HA2 O&M TAQ] ©9l8

of, 7} oA B
T LA Folo] 18 ANES AEWE T8ASE AU INGY B¢ A
3o AAE LUt 4] 45 18Q1YUS 1000MWBLE e $A5 A
gor], AP A 18ASY A9 Sl ARG AT 4 glo] 18uSloH
9] ZiolAl Awy Qe o) ARE gl £ A7 LAl A AL
H D 8ASE Food (A 4-11)3
(B 4-12) 2M0j| &8st 18A
=91 =7t LMA ng8He| DEH =2
KEY TO sz MEt O&M 0.529 H/MW
WAY(2021) . LNG 0&M 0.252 /MW
Biomass O&M 1.5 H/MW
Wind onshore O&M 0.2 H/MW
Wind offshore O&M 0.2 H/MW
Rutovitz, J. et x4 M o
al.(2015) M MA PV O&M 0.3 H/MW
Geothermal O&M 0.4 H/MW
Solar thermal O&M 0.6 H/MW
Ocean O&M 0.32 H/MW

1) AehiAy NG A9 1845

U HA At AebAAS gitos A4 18019 molst B£HL KEY TO
WAY(2021)407F L3t did B3 FA] HA7F S eEriPdAAEEE 1~6,
dZ 1.2, 3FE 1~6, 3 1-2, ZA 1~4, H 1~6, B 1-2-5-6)2 tjatoz o

40) KEY TO WAY(2021), "HOl22 OIS I3t HIX| MELTA SEHet 0171, MASHAIE 8%,
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A 1-8o] opd FHPA 1802 F-54Ql dicht &H7] 7t ol SF EA ot
71Y9=]A] k2 A7 i, WA FRMW)SG 1-8R1Y9] I F3lokA] ¢
At oo £ Aol LE8AFE PP = KEY TO WAY(2021)0l 719 =E
H 2 i Aerddac] 18l BHA7F obd, KEY TO WAY(2021)7F AAsk=
A utg AR 1~1027])Y 1-809S ATt ING EAA0] NEAFE
TR KEY TO WAY(2021)0l14 AAIRE "R|etT A AA(EAT 483 EH )9

i

1EANES S AR oI5 LEAFE BT T4 2F(0&M) FACIA A&H
oz NFHE ldew, A4 Al @Aske &7 1182 EosHA| Foith

(B 4-13) 1000MW 7|E MEHHM0A LNG UHOZ M3t A| TE0IY HSHEIY 18+
2z YOS e NG SEol
(T 1~1087| o) (B4 428
dH=R 55 35 20
UM ME
R - - -
B 41 40 1
HH| ME _
A 77 44 33
UM 42 21 21
OR Y IR A
R 202 67 135
A2 ER=s 37 21 16
B A 75 24 51
() 529 252 277
DEA(E/MW) 0.529 0.2562

(EX: KEY TO WAY(2021))

2) AAAo A R] Ao T-EA

AZRAH R 2 QISE T EA = e T8I0 AR HHERe] 11-8Q1¢o] obd
‘O&M TA9] 18AF TS g APYstal, I8ASE W &5 &9/ MW)
2 HH3F Rutovitz, J. et al.(2015)9] I-&8A+E Aot Aetat ING Td4 12
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H 4-14) AIHE0LX] O&M HHA0IMS] 18I

= He geHE UXA ngHA DEA =
Biomass O&M 1.5 H/MW
Wind onshore O&M 0.2 /MW
_ Wind offshore O&M 0.2 H/MW
Stuﬁ.v(géﬁéjj ® MA  JEDI 2% PV 0&M 0.3 /MW
Geothermal O&M 0.4 H/MW
Solar thermal O&M 0.5 H/MW
Ocean O&M 0.32 H/MW

SH AU Qo] W2 =7F AHhe] AR FFF B4 A, HurHo® A
5 1 18 FEo] Agt 9 LNGO|| o3t dAe] 48 34 A3lohs 2oE YEsit
ol= Ao AR 9] G8FT 18 Byt Mgt @ ING DHHET HA] gkow A
U] eof ofstd 9o m W &9 AR AH] FAL AFPE7] wfZoltt
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CN_C-1 AU QoAL okt AZ ZkASH 18.09rH o s Uehdtt 20209 iy
20509 71 LNG Td zhao] wet odEs 1821 i CN_AYA] 8,423,
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BE 7 Aske] 582 duttd o) Al 7HA] #+8ZA(equilibrium condition)?! 4 ©]
(zero profit) 274, A% *J4AHmarket clearing) Z4, 1831 A% FH(income
balance) A& 53| o|FojXtta Hth 181 2 U A BERE £ 18712

25700, SAM AEAAL} 23 AAE o|FUTHCKE 4-15) 0. s AdERF AA

PN

= 471 9.2020) T ABDFY] F8 HIS EUZ FHSIA I I RES
ki 52 59

=
22 w14 AL A Y|4 Edelm glov, o w5
ABRA A B olFue Fgstat

°
R4

I 4-15) 47 CGE 28 W 2 Mgl 2R
No. 2t pules
1 COA MEt
2 olL N
3 GAS TtA
4 ELE ERNNE L Pl
5 AFF S
6 MIN 24t
7 FOO S4=
8 CLO HR/7HE
9 PPP =XH/E01/2124
10 CHE SISHHIE
11 NMP HZ242E
12 IRO & =25
13 MAC SEHE/7 1A/
14 ECT N VESIN YRS
15 AUT 2|
16 CON 74
17 TRN 24
18 SER MH|A/SS/7|E

(B5: 27I8 91.2020), “TWMOIUX| Hche] 20IHR| TIFET 24(2/4))
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o] &2 SAM AEAA F+5& Higog, B djois AR 7P A(small
open economy) “HPd& ARESl, YU AAAAE HARH: @Y =7t
(single-country) 23 Aot &85t &Y =71 22 7E =71 HAAA
o BAEE, AMEE, 183 AR AR 5 BAESl 23S 1FH 78 F2E 5
FAE FARCE HARSHL, UHA| 9] =72 &4 didel @ =71t 7Y 5
AHE o= TS Sh= AR 7Pttt olof AR JNHAAE 712 AAE w
Fote, Q] FE(rest of world)> AHEHS S| ¢, A ARl Ast E AjH]
A 7HALS QAW E 7Hgstolnt. BlEo], w=e] oA E(Department of Energy,
DOE)?} AR AEH(Energy Information Administration, EIA) ¥ oUXZAA
T49] ouA 714 9 JFE AUA 2 A, T3 JdFE/UE 24V HiE
A Am 52 &89 201549 7 ARFE 203097HK]9] 7]EQtb AluE|le
(Business As Usual, BAU)E XA

2 AFolA F53 CGE 29 8 E4& A8 R Auid, &4 7id A
F22 T 7|do] st AlE-E& A4ketttal 7Hg skt shoirh. T1=jar Ak A4t
o Y £84E b, A, dUAEeE AR itk tdAe] S3HE
(Multi-level nested) CES(Constant Elasticity of Substitution) $5 wWEttal 7}
Aotint. o] &2 BARErE v o g JiE A2 AR AR kEi AR, H oy
AU &8sk, olof tigt ti7t= 84 AE&S sHA "ok weba Al SHAe A
AR AE Bof MSASKAE D AHIA)E BASHA =L, o] wHjste] $22& 4
Hot o] o2 Al AlYstals A48 A High 72 A|Eo| =il AFJe] AL
25

52 G9] ol XA (zero profit condition)& TEoHA =& Aot

T1o] wheh, AAE (" 4-1112 A B4 F23 AQJet, 2S5 A A F-22
F|EA2Htinal goods) 4t 25 WEFHIL Qltt. s ZLElofA SRl &= Slxo
i AFdoll A BAtEl= SAEH v)= BAREe 2409 AN s, A, of
A (composite of energy, capital, and labor)?l ALES} ofdE F7HA E3A)
M7} e EgEo] AitEh of7|olA ofdE S B M= otdE 7MY
(Armington’s assumptions)oll W=}, =W S £A FHA Al 2EA

(imperfect) AT Bakslol YH=A B stk
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CES @KLEM )

A=-=E-0|HX|

SETH(KLE)

CES (?x1e)

Rp2-e5 SIP7HRIKL) Ol X| S&ERHSHE)

CEé (k1) CES (7z)

Leontief Leontief Leontief

(B 4718 9.(2020) S 7|8F KA

[38 4-11] 44 CGE 28 L FQ A =S Mit X

83 T A AR, we-ARR-oUAl B KLE7F == CES
T W olvA] 5dA(E)et AE-eE 7P ESA(AL) T BA 7HsdE A
SHA| o} HEo], Al \iA GA(FR)oA 7] 54 AL+ B4 A K, &9
s SL, 193l Hsd E UL7F BEo] JAE . B, 4AkE 4Rk Wi o
UA] EASHenergy composite) £+ A2 T2 oUX|A(HE 714, A5 2 A
&) 7t CES 3 FEi= giAEAE 4 Fikdnh fEo], & AFtolA= ovuAd
2 g AR g4 wiEAeE 59, AUAY FATOl ot 2A47EA HiEo] wAget

B ) s 29 mbﬂ BAES el 2R AR 28 0

ol

42) UHFEOI LIRS DHUIA 2k MAE U AHSH 5 B40] 4242 FHOHE Dparameten/S2 RHEIE 2
AP 71 0| 2R EOIE{ASISPIZ)E KMo ' 4 UTS of= 2SR FHE, 0] S B2/520[4(Cali
bration)0[2} . 3, 0] YL 717 A0 TR USRS 3 SISO 72 LIER ZHE ZHI==
PHE4-2 ZEoHe 240, DaIE ZHP} Ikt S 22, ZO0IRI 7IF HEQ| HO[HSS Sif 2458 25 £

|,

3= 200] 7153t

0
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1

A A)

Y, = [0 KLE"+ (1—a,) XA}| A
- Al

KLE, = [a,KL+ (1—a,)E]"] " ale)
— Al

KL, = |,k + (1—a,) L] &)
— Al

Ei: [aiin7+5iGip7+7iC;p7+ (1*0[1*/61*’)/2)ELE7A]/]‘ _|<4)

£ AFolA HA% CGE B39 & o2 E42, HE
& Qo 2 AFold FRFES AEA Tvle(deEd, 42, 7tadd 9
PAHLH 5 £

4
3 R Aol U WY, B, S g let Ay
e %

4
I BEA kKO, S FHFES 2P U Wgs. Jeln o] e BEe AH
PHEE AT P B RO, : T 2

AN

(technology-specific fossil fuels), 123 o]0 4= ganjESy}

4
o
i
fr

0
>
R

A 2]
I F(Leontief function) FEHIE EFFOEH S AASHA HE wHFstltt
o] 72 Ak e HHdS vigoz B AFoAE AAAA W BAS HEths
g B2 9 ofe} 4by] F2o] o]g s} 35 Aol wEt Al s
F= 7Pstaint. [ 4-12]9014 AAE F8 B4 BAE Ak FEie o
AEE B9l AT = St

144 zznjeyepe



coe HAZ WHRE EAZEH Z2o| AEX HIE-He 3 IF 2

1z

Yprpe = LT(RKO,,, FF,,, Carbon,,) LAB)
RKO,, = CES(OTR,,, RK,;c".) A(6)
OTRei = LT(Mei’ ‘S[’et7 ULei) Z\_]l<7)

HH(ELE)

Rp=i-7|EF QIR A

S3(RKO)

(BX: g7ig 20.(2020) A7 718 *TY)

(22 4-12] 47 CGE 28 U ©2 My 75
st olsiE ZHstarAt gk
t}. o]t WA A FARRE EERAES JAAE 24 50| wet L2
OS2, AM AU =Yof tE ZEA FE APEY I AL & U= AA
£ vkAstIA A=t o]of|, JIAXE £ 22 tigstaR APt &
BEAES TS Vo= AFESHAHYeo et al, 2021). °lof ZEAE9] 2E5t
go] q&/AEdE o3l B¢ £ e (skilled labor) SLO2 J2stal, J1F o]
5IQl Afoll= Hl&EH ws(unskilled labor) UL LE 75ttt 110 whaf, blA|
(micro-level) YAA}RO] L L-EHYRA RS Tad), AHddE =250 =

ot RS Z85t] 5 AlW(labor account) FAISHE OIF WA} SRl
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1] el ZEshe e RAr 94 AR W 7Rk BEAdE Rt SAM
AZAA W A 7 2 WA & =

She ee(Rsd: AE ofsh, ¥ AZH/HE o2l HIFS AEsta A=
ol Higor 7|E dd AXer yE Y =F FYdo] 4 =T vS(T1H
4-13] e FHO2H, kT AR AlRSEE ClFHIAL Alesilt). ojAE & o
TFoME AdEEStE R S4E) 8= UE 54 5 7IEL2E SAM AR

AA W AgE e EJANEIPHA NS AR} stuA}t s

o

s AR L

Iy |4y

- B LE | AR

As | Mst d
M EL LES | 2 Ap
23 ke AR
AHAL 5 VA1 a4 x 42 .= | Shr_LAB1, = VA1
S8len A=

= L 42 = ) Shr_LAB2, « VA1

il

Je)3 B AFlHE BOHT RBA] 4S BUHOE RAY] ), B3
A= B2 §39 2EAEY =AY 1Y JEel 0E Fuz Ahd
22 MYk, WA A e BASIIA Amgch 0] hel 29T kF

¥ o

A

4~

Ao 2 7Y Y AF HIE vigoz 43 kB viSGd kB0 AAEE X

jm

= ]
S HARE] 8 1718 91.(2020) € 2FA(Q2017) A+ 55 ZFSH 8 A
PFAT=9 HZ Farste], L2 P AR 2 Aa(wage curve) D =5 T
F FA(labor supply curve)S X W ¥ 9 HARSIIAF A=t o]of|, 7]
%
o]

2 E=EA Aol Az oE FHE AME 5 22 2 W Btk A=R
tHIZE 4-14] 9 [719 4-15] ).
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oo HAY LHRE BHASH F29 AR HIg WY 3 F

real wage 4
wage curve
Lt‘b
1
p
0
w
p _— — v
»labor
L L0=| S0 LS
— —
~
AL

(BX: Kiister et al.(2007))

O3 4-14] =8 =39 4N =555 I

real

w
A Ls
WIeaIO
Whin LDO
wreal1
: oo »|abor

AL
(EX: Kister et al.(2007))

[2 4-15] H$3 =50 LK -S3g 2
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UHEE HASE OfY Z2 MAA HIZ-He A7

G, @ AP ST AR walol U /b ¥ 20 9T L4
8ol FRE 9, 71E0] G AFOR M 7H FRES 25 SE] wet 40
7B ARSI AR, o] g, A4S 9o TR SAM AAALL
CGE 23 W 79N AR o2 45 34 729 44 A2 ;LZE AP 94
o, HAEERA W AR AR AR BESech 1o wel, 20154 7%

S MABTLA RRE B, 1T ABE 407 BAZ AT AAFTEA
Agold AR 7Y A5 Ro 7R HE0HY YR 5L wgoE, R U
DRAE ABE AT ol vigor, ATRskIA SH 407) 7R 4

HAE 438 bF Z245 H5E kE 2245 5 FAE AR = A9l o
£o], 71718 21.(2020) A+ Yeo et al.(2021) & A-ollAl 719tskal Q= BHES
AL E8sto], 7HBFRA U 7HEE AY] B THIE8EARAF W A& HE

|
&

121

FoA, 407 FHAESIE A% U 28XE T G4 EHoE 1wy Y
A=k,

ol &l "Ml 28 Sdiglte T Ao weh 4H| 9 AS S5 WAL
= ol Y2 B9 YW 7HEsilth. 18al FE= 7H 9 A4t RECERE Al
= FFlote] UL 531, olE HBeE a8 St s Aol Tk HE AH]
oF AR A=, 194l 7H o] 55 olFWE B9 W 7PYskith. 184l o' 7t
Z(Armington’s assumptions)°ll whet =W A Afste}l =9 st BTt thA
TAE TS 7H-5H, ofdE EdtAslEo] 2 S EH =8 9 & 49)
£ SR HEEHEE 2F W Hdskalnh SbA Aath 2 dAtolA AARE
CGE 29 Y 8 EA 2lof|, 4H] R0l titt HARE {15 &HA} 48lske =
aH| EAgtR o|A|(£, )2t HlolHA9] Az x4, )2 EFEE 7Hsith HE
o, & RS 4% AIAAL AL Aow, 5 A3t /AL oz Foi
A AOE 7hFstal, FASA] £y g WEol Yo 2HET . 78R
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ol 1
ol
Kl
D)

148  =siojzyoize



RiAE WHSE SAZY Z20| ABA IS B U o

09
i
J_I.

Aluz|es
UM YA
3}

HE A28 2

it b [T 22 coe

(1 4-16] 7 WHEN HZ

23 & AFollAe A AN FEatd A 240 7Het AHAIAHE B
ol-gsto] EEe THAaFH C-1 AlYE e ﬁ%“%‘i B 24N A AR B
ZIE CGE 2Y W 84 FH Auz|ez digeozn, gasd 242 At 2
A A= ool mE AAARA FFe E4stalAt St ool ©aFd C-1 Ay
QoA =&H AU A gt A3E CGE B3 W YH o= §hget Zukel BAU Al
Le|e.9ke H]J'l’ 4= &9 4 g

Lt &4 AU dA 2 HHE

of7]olA= Syt AAAA AvkS HA}?} 4 4 o BF E3}F CGE =3
gg3to2H, A3FoA B4 CN_C-1 AU Q0] sigshs dARE etaFH
AR T2 FAAEH JFS fﬁﬁ}ﬂ s AR £4 AlVE = (E 4-1
At B4 71E A=e SAM ARAA gl vige] H 2015928 dAstaL,
BIE AGst] fs 20309714 A AlEEo]ldE 45t
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(Z 4-16) CGE Z&¥ 24 &A AU &9

AL2IR e AU HIE 71y

* 20154 7| A ZH o=0| 2030E7K] FX|
o MBAAE DHS =5 EEEI 2020~2030A77tX[2] BL
AlLt2|23F MHYA S} ot

o
=

BAU AlLtE|R

ox
=

i 0
(_l}{}l ikl

Airg

- SAZE 2R ALRIQARZ L HH)st A
SAZE ZR | wia AN vy

ALRLS Ol |+ TEAAY 232 S5 SBE 2020-2030U71Iel ON
C-1 AL2|L5t MHYA H} oY

CN_C-1 AlLf2IL

THARE easd A% A2 FAAXEE JF= ]5P*ﬂﬂ*qEVW%UMHﬂ
Q= o2 Zo] M5 CGE 28 ¥4 W 71&9 AlUE] 2(Business-As-Usual,
BAU)= 71 A% AAAAZF 9434 F24 glo] 2030‘577}11 A EE A5 7Pk
ZA9-olt}y. 12]al ul= DOE(Department of Energy)2} EIA(Energy Information
Administration) ¥ HXFAATLES] oHA] 7+ 9 A4FE o9 A| =8 A, 117
T JFTE/EE AV HiE A AR 52 EE5) 20159 7 AFE 2030E7HA
o] BAUE HEARSHEH, E3, GDP A AR 52 &-85) BAU ARS HARIA}
A5ttt © Yot of7]oA BAU AUl HARE s AI3FelA Z==3t
Baseline(BL) Alutg] 5t A9 A0 ¥i5tE =Y f BtEto =N A At 8%
WIS HARSIIAF Al 122 B4 4t CN_C-1 AU]2.9] %%, BAUBL) ALt
oo} v wet AU AL FEjd HolE Y W Hrgto =, Uutt A oA
ofd HFHEEE FAote] FAAEA FFE 2AGH HeA AFHETAF A=

QA Aigst FQ HMHEZA EAo] HlE CGE Eg9|, AI3A|A T=3t BL,
CN_A, CN_B, CN_C-1, CN_C-2 Alyg|e9 HAdYA HslE HHYsIHS w9
|, [ 4-17]3 Zo] CN_C-194 78 W2 2] GDP &4
It} o]of| B4t 4] oA =&t ARSlA vlgo] 7Y &'
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(E2: %)
0.05%

0.00%

2015 2016 2017 2018 20192020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

-0.05%
-0.10%
-0.15%

-0.20%

-0.25%

-0.30%

o7l A ojd wFARE FAS B R CN_C-1914 AAAE]Z Hggko] =

A AmETA gt ofg ™A FRIF 4 ko], CN_C-1 *11%31301]/\1
20309 =3 Ax 7| BAU AlH=]Q diH] °F 0.06% W2 +F2 GDP7} YEhd=
BRI 4= ot BlEo], AEJH S (social Welfare) SHoA = BAU AlLE|Q ]
20309 71 9F 0.25% % /\Mﬂ %"01 EEH < Ay % o= St} ol AR

o

32 a9 A £ 2 S ol 95 AAE BT 5 98
=, 94et A2 o%o] et GDP £4(loss)o] Ureht ol ft, A U w ¥
o QlolAe] Fetash} Fa 4 HEO] MARET AL REEE U M 5

= B4 H &Y 52 ASAPP] Mg Aoz o 4 Ut

Bofg &g 7
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0.05%
0.00% o=

2015 2016 2017 2018 2019 ~2020-.2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
-0.05%
-0.10%

-0.15%

-0.20%

-0.25%

-0.30%

-0.35%
—o— AtS|A SM(CN_C-1) GDP £&(CN_C-1)

[22 4-18] BAU LiH] CN_C-1 A|L{2|29] GDP & AtE|Y 4 $3542015~2030)

T3 AE S & 3 14
At g EOIA AL 4= %ol AL HEE viger o dAaFH ol
7140 oA vt W, g ARE Alsshe AL, A3t
S, 7k AE A, JEA sEeAt B SAEE ARGl oM gaFH ol
e s s a3t 7P FEER Aes &l 2 ks
AF-Z0] gekaol o) wep ehagors dw/dR

At

AE & ASS AJARHEE 10] whet AZFABAU diH] 3.05% B4 91%), AMGHBAU
o] oF 1.36% B4t 91%), AMRHBAU WiH] oF 1.34% B4k 91%), A5 ES4AHBAU
oiH] 2F 0.13% FAF 91%), ASAFEEBAU HH] F 0.11% B4 =), ALH(BAU
tiH] oF 0.10% A4t 91%) 0= BAU tiv] 41Y A 915 a3t d&Hch
SHARE (E 4-17)3 Zo] YRt oA F8 AXNFAR R HetE i,
A9 FZo] detash= AAAA ARkl Jirso] 2loiA= BAU AU e tie] 5
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o A BB Auiisks grldoRt AE Akl ol AAY 1§ ST U0z
% glou, FAY|HoE MRS v A AME M) AuistE £, of
2 shgoz Alg) Ade] QAL FE T3t FUE Lo 4 U AN 3,
MRS FAAZIT A oI ALOR Aol AIet AA4E e Shrfal Fe
2 7Y $2o] AkiolS 215 B A9 gekst Aao] dat AU £1 57
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(E 4-17) 20304 7|= BAU OjH| =2 HAIZMX|E Huw

HANZHX R =2 CN_C-1 AL2le &4 AN
TIH| A MAEES(%) 0.35%
N2 (%p) H=d =8 -0.42%p
=3 s -0.11%p
EXH%) 0.21%
DIZH AH| 25(%) -0.25%

T8y Al oA JE FAFCE AEY, £ kF oiF] HEH =
5ol 9% ¥IsHA Rkt A SIS
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12 Fo) £ Ao BT A BE gasy A% AUeed &
C e BES dol, A Ao ol kBAge] SAES A dat

A ool vhelat 9, DRAPH A A PRz A8e MY Wast 98
AR BEo], CN_C-1 Alvbel oo} 28 walo de o] Pekas) s
Q15 AAAA o] gloiq APBEL tha ST 4 9lont, Wkk 4n] B 9
o149 1% RIS oA sasoF FAo] that A ool vt oA FasHA i
g "ast 9eg olsE 4 Ark

o

BAU CHH| &3 Z2|0| H2K%)
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—— CN_1-1

[32 4-19] BAU LhH| CN_C-1 A|Lt2|R9] =3 Za|0|g HMIHTH: %)

o Uo7k CN_C-1 Alkel.oolA b 80] ofd o] mefekr] Anne, o
4% olgol uet %9 elulolo] AAAA U STl et mAS Belo] 45
37t AW ALE B9l vlsh A A 0w BA FHBL AT 5 Ak of (13
4-2012 BAU AIFelQ. il CN_C-1 Aol Qold 7HAESNE &5 g4 A} #
A% 5900 Glold FEeHA UehdS olsig 4 UKL 4
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»

ARE £l sfFsis, $508 A5 145 900 i), ol E3 DA

2 AU A FHE A FEol ALS B S45 7P FEeE HAEE ], 7H

=]

HEO| A5 4E ololde AT 4 Utk TAMOE Awny, WARE T
%% oldo] ALS 717o] AtjHoz o & Rgow A48T & Ak Al 9L
2 ol8fe % it o TS ASEYE AP 2As) (& 4-17)0] LEhd upel Zo]
BIZE 22| 4A]% $F0] BAU tul B4R ofsfg & ek T2t oleid A4
2 ujgk CN_C-1 Alteloo] Sgslo] Leht 208 sfyshylurts, A 28]
S45Y A WPIA AAH 20| FuE 4 ks AU SRIFORA, ol
3 2EES Haoke 5 gk AAA W A nkag 9ast grka Bl

BAU LHH| CN_C-1 A|LI2|R &} 7IAIEQIH AS BI5H%)
1.00%

CcC
0.00% 01 02
-1.00%
-2.00%
-3.00%
-4.00%

-5.00%

[72 4-20] BAU CHH| CN_C-1 A|LIZIR0{IM2] FHAIZHE A5 HEK %)

o|9} T2 HAH BETY T2 A5 B A5 AIE FAE ERIT 4= ot
off (F 4-18)°1A &I3t &= 9J5%0], CN_C-1 AU 204 BAU HiH] A5 Huj
7F gt RS ERIT 4 Qlty. FAIFCRE AAAE AWEY, f-2vet FAAY
3 W A8 FR9 gutashl oL giEsE AYASTE SHBAU: 0.37470;
CN_C-1: 0.37795)5kal A& Hufe2 7HA(BAU: 0.48535; CN_C-1: 0.47645)%
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Abstract







Abstract

A Study on Carbon Neutral Implementation Paths
and Social Costs & Benefits in the Power Sector

The key to transitioning towards a carbon-neutral society in the face of the
pressing climate crisis is the decarbonization of the energy sector. This process
must begin with the phase-out of coal-based power generation, which remains
the world's largest energy source and the primary contributor to greenhouse
gas emissions. The international community has acknowledged the urgency
of this issue through the COP26 summit held in 2021, where agreements were
made to phase out unabated coal power plants and to gradually eliminate

subsidies for fossil fuels.

In order to align with the global movement towards carbon neutrality, the
Republic of Korea has pledged to the international community to fully phase
out coal-fired power plants by 2050 through participation in COP26. It is
imperative that we now take concrete steps to implement a comprehensive
plan for coal phase-out and devise practical policy measures to meet the

commitments made to the international community.

The utilization of coal-fired power plants has been a seminal driving force
behind the modernization and industrialization of nations globally, dating back
to the Industrial Revolution. However, as the world progresses towards phasing
out coal as a primary energy source, a number of challenges and costs are
anticipated to arise, including a decline in related industries, job losses, and
the potential impact on local economies. Despite this, the transition away from
coal also presents a host of benefits, such as a reduction in greenhouse gas
emissions, an improvement in air quality and the overall environment, as well

as the emergence of new job opportunities within the energy new industries.
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Thus, in order to effectively realize a carbon-neutral trajectory within the power
industry, it is imperative to take into account both the potential socio-economic

burdens and benefits.

In this perspective, the National Assembly Futures Institute(NAFI)
tried to analyze the paths to net zero in the power sector and the paths to
exiting coal power plants prior to establishing a full-fledged coal phase-out
implementation plan. From a methodological standpoint, power system model
was employed in order to analyze the paths and assess the feasibility of the
net zero scenarios within the power sector. The primary objectives of this
study were to evaluate the various costs and benefits associated with the domestic
decarbonization of the power sector, as well as the potential impact on the

economy and society as a whole.
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