"m Check for updates

Journal of Climate Change Research 2024, Vol. 15, No. 5-1, pp. 757~771
DOI: https://doi.org/10.15531/KSCCR.2024.15.5.757

. (=)
M wHEES zMoZ

HI

HSHAHAE SSYM HalQt O] EBAVIHO| FE

1= o

olx™0
O

ol

O
ol ZEs xma

==em 2 +

J

Impacts of allocation policy changes and future carbon price
on Korea’s emissions trading scheme
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ABSTRACT

The Emissions Trading Scheme (K-ETS) has been a principal mitigation policy in Korea since its introduction in 2015.
Nevertheless, there remain challenges to the efficiency of the K-ETS. In response, the government plans to enact a series
of policy changes and adjustments in preparation for Phase 4 (2026 ~2030) of the scheme. The objective of this study is
to provide implications for the design of the new plans by analyzing the impact of a shrinking emissions cap, different
allocation methods, and future carbon prices on permit allocation, with a particular focus on the power sector, which is most
highly affected by such changes. The study estimates permit allocation using power generation data from 2022, applying
different benchmark (BM) methods and free allocation ratios. International discussions on future carbon prices are reviewed
to set a price scenario for the future permit price of the K-ETS, and the cost of purchasing permits is further analyzed. As
the national target emissions of the power sector during 2026 ~ 2030 decrease by an average of 30% compared to the base
year, it is estimated that a change in allocation policy and a rising permit price will significantly increase the overall cost
of emissions in the power sector. Also, a single-BM method yields highly disparate distributional outcomes by fuel type of
a power plant. This will strengthen the incentives of power generators to transition to a low-carbon energy, which will function
as a mechanism to promote GHG reductions. However, given the current energy system and electricity pricing mechanism
in Korea, which struggles to fully incorporate carbon costs, the K-ETS should be carefully designed to ensure that it does
not only exacerbate the economic burden on the power sector and thus, discourage long-term technology investment and
decarbonization efforts.
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Fig. 1. Steps of permit allocation estimation
* H: Heat, Oth.: Other Energy Transformation Sector
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Table 1. Emission target by year (2026 ~ 2030)

Emission target by year
Year Sector : Energy
National Transformation Share (%)

2018 686.3 269.6 39.28%
2026 602.9 211.8 35.14%
2027 585 203.6 34.80%
2028 560.6 189.9 33.87%
2029 529.5 173.7 32.80%
2030 436.6 145.9 33.42%

Source: The 1* National Framework Plan for Carbon Neutrality
and Green Growth (Joint Ministerial Statement, 2023a)
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Table 2. Estimated caps for power sector in phase 4
of K-ETS (2026 ~ 2030)

Emission target
. 2026 | 2027 | 2028 | 2029 | 2030
(unit: MtCO,e/yr)
National Target for Energy
. 211.85]203.6 | 189.9 | 173.7 | 1459
Transformation Sector
Power Sector Target
N 199 191 179 163 137
(excl. Other, Heat Sector)
ETS Power Sector Cap
178 171 160 | 146 | 123
(excl. Non-ETS, 10.65%)
Total Permits Allocated to ETS
Power Sector (excl. Reserve | 167 161 150 137 115
for other purposes, 6%)

* Excluding the combined share of emissions from the “Heat” sector

and the “Other Energy Transformation” sector

7tz 25 2AFE Non-ETS 2iF oz H3h3itt.
d=AgE ALY A MX] o I JHE I
St A, 20221 FAFH(EAE, AN A A1) oF
3782 TWhO &2 UrE}MrJr °] % Non-ETS H&9] ¥hAzf
< o 45 TWho|H, 37] &3Ago] AAE A& BM @
= lﬂ SPedE THAE 9 A qEES ARIR
‘ﬂé‘ BM Hi &S #-85t9] Non-ETS2
= =S5

20225 Bl é:l&%ﬂ 7IRksto] Aget Ay, shedw
719 = 7h AT F Non-ETS9] HiE B|S2 oF 10.65%
A ALz Uehyth 28 A A =&t =7 FHRE(d
g 71E € Al9]) FHEEFNA Non-ETSS H|S2 A
Qlgto & ‘ETS YrARI 0] uj&3] RS w3519
(Table 2 Z7).

2.1.4. (42tH) ETS LT

4dA M= BiES8FoIA 7IEHEE dHES Al
Sto] ETS WA Ko ‘*Pﬂ’%“%"’ =& 371 &
AN gl ST A ARSI A
vl ol oz s, °ﬂ 122 718t &= o’
o HES8EF 9 A& ez FAEH, o] F uiEs
€3% 9 Aol AR A 8 dHlEdt A

A9 AR BE
158 23 @ A HE

ek dwh) W=

stof
ojo) 4 15

H|F2

m{w

o] 47lo FAFS 7ol mt,



HHEZA2HM| SEEM Hajet D2 BtartAol B 24 BHREES SHe=2 761

24 9 {54 B £ oujEo] xgHc dHRE
ARG AHe Q) 3N £33 wjEE_
(Cap) & EFHE 7IE & 7]
o] vjEH ofu]E A <

Y 6%E VIet &% ulE FFgos HASHgch

i)
e
A
lo
u
2
o
o,
3R
ul
W

2.15. (5E|-71|) 24 gl ctal BN\ JE-I|$O?_ SICIA X 2F ALK

STA A= 2022 HHA Ao ZASt] A
A BME A-goto] HALE, GAE ATT
AR Sy SFS EESFATH). ATRE2 2
A7 BlEa5g 7|E TFABM) 8 dA
2, B dAFoA= 37] ddAE ] AAE AE BM
T (A BE Y sedE SEAL 9 Gy AR
9] A Bihe H-8oto] JAE TFFS ATt
37] @A 2, G IAE A-7Ire 71+
717t B9t EARE R, 3 A ANGE T
2 BMS 485t FFAHFS Aoto] A Esict o
ARE FF S st EeAss AHuF
(MWh)’ 2 2(ME, 2020), 5 o4& A EAl
AAE 20229 FHAE AGPAF JEE 8ot
37] A g A" BM ASLE &85, &Y BMO
AS ZE A P el EEAEx0.682188923S
Hg3om, g BMO| A9 Fdgt, S8 dHA 79
of sl A4~ 0.708673339 A&, HIHLNG, §-57), 7t
9, GHELNG, 5-7)° s Al 0454511353 &
LHHME, 2020).

Er_@

1

A

1
3]

>4
5

& O o
L R

20224 w1 AAo] uie WA 99E FFAAS
9 5 FFAHF B4 20E okt e 2o
¥ BME Mgt ko] felsh A8stel, 9d BME

o whe FFAFF fol7} oF 30ugh
99 % 714 2 Aol Rl ole} go

COeoZ, BE
o BMI &

— =

U BM A& A Z 2h £9E FAHFol GolstA
Abgge] wel wHRE & FPAYES 9d BM 48

2.1.6. (BHH) TXAL MR QUFAE DAl SICI2F ALK
STAIIM gt & PAFTS 49A NN mad
YHEE (AWD) Y

233t} wEbA, 6EA oA =

ofl
T
=
N
o
_[‘I'
2
S
@)
3
filo
i
X,

g 25 PGS ¥

Table 3. Estimated amount of permits applied for

and allocated by power plant type per year"”

Fuel-specific BM (MtCO.¢)| Single BM (MtCOy¢)
Power
. X Free . Free
generation | Permits . Share | Permits . Share
type? | applied allocation ©) | applied allocation %)
PPIEC 0% Free)| ) | PPN 00% Free)| ¢
Coal 124.8 825 62.8%| 119.2 683 |51.9%
HFO+LNG| 0.8 0.5 0.4% 1.2 0.7 0.5%
Combined
56.4 37.6  |28.6% | 84.6 48.5  |36.9%
Cycle
Integrated
16.3 10.8 82% | 244 14.0 10.7%
Energy
Total 197.3 1314 | 100% | 229.4 1314 | 100%

1) The amount of permits applied for and allocated to power
companies is estimated based on 2022 power generation data.

2) Following the classification of power plant types in KEPCO
(2023). ‘Integrated Energy’ includes CHP(Combined Heat &
Power) and Combined Cycle.
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Table 4. Discussions on future carbon prices

Source Carbon price in 2030 Country Remarks
CAD 170 (in 2022 CAD) Canada Carbon tax set by the government
SGD 50-80 (in 2022 SGD) Singapore Carbon tax set by the government
World Bank (2022) -
EUR 100 (in 2022 EUR) Ireland Carbon tax set by the government
USD 30 (in 2022 USD) South Africa Carbon tax set by the government
Enerdata (2023) EUR 70 (in 2022 EUR) EU Carbon price outlook (EU-ETS)
World Bank (2023) USD 50~ 100 (in 2017 USD) Global Normative Price (2T target)
IPCC (2022) USD 90 (in 2015 USD) Global Normative Price (2T target MAC)
NGFS (2022) USD 50 (in 2010 USD) Global Normative Price (2T target)
EUR 60 (in 2021 EUR) Global Normative Price (carbon neutrality by 2060)
OECD (2021)
EUR 120 (in 2021 EUR) Global Normative Price (carbon neutrality by 2050)
IMF (2019) EUR 75 (in 2019 EUR) Global Normative Price (carbon neutrality by 2050)
USD 42 (in 2021 USD) South Korea
USD 54 (in 2021 USD) Canada
Stated Polices Scenario
USD 28 (in 2021 USD) China
USD 90 (in 2021 USD) EU
IEA (2022) - — ;
USD 135 (in 2021 USD) Advanced economies with Announced Pledges Scenario
USD 40 (in 2021 USD) net zero emissions pledges Net Zero Emissions by 2050 Scenario
USD 140 (in 2021 USD) Emerging market and Armounced Pledges Scenario
developing economies
USD 90 (in 2021 USD) . Net Zero Emissions by 2050 Scenario
with net zero pledges
. Carbon price for achieving NDC targets in the
KIPF (2022) 40,000 ~ 60,000 KRW (in 2022 KRW) South Korea . . .
energy transition and industrial sectors

* [EA (2022)’s “emerging market and developing economies” include China, India, Indonesia, Brazil, and South Africa.

5o AASY A4 B 2L 5
Hom Fus & 4 otk A% AT A2 -
239) SRAQl B BM 9 ST 10%E 19z

g3l 26~ 304 717t T 4PY

oH

H 2o oF 86%0l i

2018 HH] 203071A] <F 46% 743

20 0= L_

th E‘_’c‘ﬂ—ﬁ}-Eﬂ 2 g% b AF|o] BASH RS

S} PARE

Hol= =731l T BM 28 A 59

=< Hied F5F0] 24

3. D2 B4 HHE HiEH 10

El

3.1, Oj EtA7HAH0 et e =2 HE

W27 WQEKS tjeF o= 93], World Bank, IPCC, OECD, IMF, IEA S 319
SAY A= FA7FY ©A 7HEo gt BauAet 3
= HESI] mf gartAo] gt 7|2 A=E -5k

g2t Ao} H|wsh T} Table 4] € vie} Zo], nl gartAo] it =
St & A =9 hFE2 54 712 0] #3k Ao=, 7|TH
E3 HijETFol o2 QA3 AF3]A] ekAH]|-&(Social Cost of Carbon)I} 2
UR= 4T 2 45 535 9T AA gavtE E uicks A
2 I AL 7t 1-?_1-;__0]1:]- F2=9 ©aA 2H Ao &
ekl 20309 Ba7H] AR Qe 2 94FY 4 25T
oF SAE Ao BLT B Hchadow) B 0] =
HRE &M o1 vt A ©Hartd B 2A47MA SRR

£ 257 93t 247EA 1ET B8R FY RRE
7P vlg AaE o R ggsh] gt A 7HEE Qu
Shth(Price et al., 2007). A2 ©A7ME S &= T

—_

2 doA= 249 x1]4i} AG7Ite] viEH dIF & Ao LAIZIA HiZo] wWE A3 AA A st .4

HolA © Lo}t

29 wigd 7 R
H7] ffsf vl gartAe] digk =uie] =28 dES 3 A gAartE B4 BHL njde Adsly
A, =9l "avtA o Uit AvEes

FEdl ks o) ad vgg BF wesA "etk &, ol
gst7] figtol
JEAJsiCt ofUe} zZ+ 7t LAVIA AYERE AT Sx08
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A= W gtarbz o] A= A=A Brkstal ml A
P23 wole o B8Y & 9l shiel g A
she Zojet & % ook

o) ule) hasle HE [EA (2022)9) 3 W) F
g AT, sk BAA ARG AT (KIPE, 2022)
oA otz &= Qltt. Z+z) 2030 = ©471AE USD
42, 4~ 6910 B XS QIT}. IEA (2022)% 20507}
A9l 7 =71 @ A A, A} F o] A4t
et garbAS A9t g ®arkd A9 [EA
Global Energy and Climate Model £¢] & 4 7}4Jo&
AW AAEAS. 9], 47 =7F Ry, ZE-EFHok,
7, EU, gl disl sxE FF ALt 2 (Stated
Polices Scenario)o] W& &A71A AYX|E Aol Q)
o sig AluE Qo] wel e ©4A7EAE 2030
USD 42/tCOse, 2040d USD 67/tCOe, 2050 USD
89/tCOx7 B AOZE YL JTHIEA, 2022). ESE 7]&
NHE, SHRE, ARJEAAEE, SEXLTH7 3528
et A48 HuAQl “gkarkd EabA|A ZiEEt
A (KIPF, 2022)9| A% 54 Y ~ 89+ Ato]9] EtA7}E
o disi NDC 24 7Fsd= B7Hlth COe EF 53
~ 29t 39 7H S Bt fof= viggE & ¥
7b Lo, BT 4vtdE Aol 2A7A HjETo] of
I fachs 2o EAEY ©AVHA S RastA] o

< ol Bl3l oF 194=0] Haohal, 67kl Fit Al 1.249

o & A=Y
2437] FhAE Y 7ol oF 46

TH o] PAEofoF St ALE e
3.2. W BAIHA AL 43

B Ao FA 2035 20309 €4t Ao] BEE =
e AgAe] A% 235 vigo R, S ©artA 9
2026 ~20309 7|7t A=E HiEE 714 AU E 24
gk Hop dAFQl S wiEd 7 AldEe A
9fol AFATF L Al o AFFS ST ©AA
2 @A e FoTe] wiEd 7HE A A= ShE A
ot A& i 9 AE A& diF 5 A 49
A =71 A5 oY oA 55 FF wrgeol we, S

8) 2022 ¥H& 7]E KRWO.E F & BH-S A4letolch
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Q] 2719] #Aa7HAE sUld] IdE A8ste A2 A4
A gtkal Hoth @A gh=ro HiEd 7HA0] 37] &9
717t &9t Bt 1FHEo = v A A] ESHAL = Aol A
AA 714 tiH] 108] o] &2 S99 B A gartA
oju A 7t £ 7o R Y wiEHe T
M S Agshs AL 534 dddo] Boa #
& =wolAe mE wiEd M 1 wisAde] wet
%o IS Testel, A4zt A717H2026 ~ 2030
)9 HiEd 7140 Hish o 37HA] AU E g5t
Aot HiEA 7H AU 2= 719 Sl mEr °K(SD),
F(S2), Z(S3) Al 7HAE A7ttt IEA (2022)9] §h=
SavlAs, Bl RIAA I ATKIP,
2022)8] AiatE st} g HiEd 719 reference
priced ST BYNROH, N /1A £28 24
0% oKsN, D) AUTIeE TR T World
Bank (2023) USD 50 ~ 100, IPCC (2022) USD 90, OECD
(2021) EUR 60, IMF (2019) EUR 75 S ZA1& Q= 27
7179] 20309 A §ATHAS] B2 oF 105HES)
o UehdtTable 4). o= 4A3UL sl Bag
203099 AA etAVIA FolE R, 109HDS net-zero
price2 ARSI, T 7FEES 7HS3) AlvE] 2o By}
et aorshAE, A 74 712 Aot et 2k

- OKST) AHE|Q: 23 ~ 249 19HY $E 02 HE T
Aoz Z7Vstod *30W reference price STHEO] =&

- 2(52) AUEL: 26 ~°304 77+ B viEE 7Ho)
reference price SHFEI} ZOIRX =2 24 HE 30
A 1R BN TR

- 78(83) AUl Q: B9 Fa=9 HiEd 7o S,
30W7HA] net-zero price 1090 =Edl= 1%

3.3. HiEH FIHRE BMS flet 245 AlU2IR 83

B Mo Ty wske] A ol gt A3
A<l olalE F7] floll, HA =ETE 37HA] @AV AlY
2 Q.(S1, S2, $3)°] M= A= wiEA 7HE(2) IA
3 gy JHE dEoto] WiEd REF O4 g2
TFuju| S FFH oz ATt o] Ha, 71 AluE e
2 AAT AEHES 7MYt 43 AF7IE B 9
Ad eSS =&t FAFOR, BEd o

|
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FZ 726~309 7I7E HARE A wiERHE)T HiE
d IFF@)Q Ael7t "t T ghol ¥ A T
P2 viSdol| s AA| wiEFo] ol uiEdo] F-
TS guisi, (A AS wiEdS Joj7 LS
Sjw] gttt

o HEF(E)S EHARE 21 ~22 B MIEFS
71§0§ 20309714 AAT AEE()R HEFo] TA
she A 7Hdste dxEE st WEd 7T
HEFE A WAYS] Tt Az dafrdew 2
Aeve de asty 7H AuR|ee] garty £F
o]l 25 AR A5 flol AR A= 7PYstA

L E % B A AUELR s AR E gy T
Bo| oA ES HAY

Eo wied €9EH(Q)9 ¢ BM 73 H fA4ET
HE ()l wt WAARE Dol Atel7h BAYstE R, o]
23 A= A7 Ri A2 wiEd o] t2A Ad
o oA, 2 2A0lAE %%%}% 5o gk Zpol=
HHdstE BM v%u S 24 ~25d0] oju] H8H &
4 BM WAjo] HEH= 7LE 7P WAL 9] HH
24 e AL o3t 2ol AeldE

2030

Y. Px(E—Q)) 3)

t= 2026
(=AY, = 2%, 3%, 4%, j=10%, 25%)

Purchase Cost; =

UM =ET Al 7HA] BATHE AU 9K(ST), F(S2),
3ol LT Hleol WE F A §8 A
10%), B(#7 25%)& F7I5t01 & 67112 AluE| g +
JZcH(Table 5). A MiEF(£; ) 2Hs= M $8
St Q4= A2E()E, 20~229 5t THAAHA-EAHY]
%‘Aﬂﬁ &% 71 Ad o] A FEEC] B 2F 2.9%
< 2Esto], oK(ST) AUzl wid A iv] 2% &
Z, 3(52) AU = 3%, 7H(S3) AU eE 4% =3}
© Ao AHsA. E3, S AUE| 2910 HuE §

uO

¢

3 S0 AlUYE|2E F7IekAATt. S09] B¢ SI AlUE| .9t
HEE 7H AdEleE Ut HE5ES 0%E B4t
of WHARY] A% FEol Tt 7S a =)

9) 50 AUEleoAE B2
&, 51 Aelegtel v

2 Agelesl Mg 59 S AAsEe AF o o

P50l Lojupx] e

g A= 7S,
12 7782 #1823 ~725d 7IXtol= SZEP SLSHA HEFol 2%8 A5Hdhe
AlgE|eof dis) #EE &

wisiot D2} EHAVIZio] st B4 wHRSS ZMom 765

Table 5. Permit price and reduction rate scenario

Reduction| Permit price by year (Unit: 10,000 KRW)
Scenario” 2
rate Main features |2026(2027|2028/2029 (2030
A % Emissions
S0 0% assumed constant| 2.5 | 3 | 3.5 | 4 5
B during the period.
A Gradual increase
S1 2% 25| 3 [35] 4 5
B to 5 by 2030.
A Linear increase
52 3% from 1 in 2024, | 3 4 5 6 7
B period average 5
A Linear increase
S3 4% to 10 by 2030, | 6 7 8 9 10
B period average 8

1) A: Paid allocation rate of 10%, B: Paid allocation rate of 25%

2) Year-on-Year reduction rate

3.4. HiEd FUFE ¥ 24

WAl AAT Ale| ol mhet 7 5 (2%, 3%,
4%)°] 7]¥re A= o &R E)T 9 BM 4
FEY vlE 10% H 25%E A&t =& wiEd
FFT Aol(E/ - Q)2 A wiEd REFL
gotglct. wiad A2 ALY W FARAE 32
ohero] 15, 37] ShgakA] A8t uhE, oAb HjE&L o

o o hl
F RS 4380l 4884E wobdo| wra} %go]

R

¢

N

¢

B2 AUE LS — SS)E 22 Az} & BEFo]
Baoks FxRolth. AFE 0%3 7145t A]urfqg 509]
deolet vied & ﬂkO] 27 ~30d 7]7} =9 o]—E]—

W& ()FSF B4 23K (Table 6 1), 4T
10%%] 39 THEE] W&l RE5T2 7 %—EO 4%)
of wzt AP F 44T ~ 74 tCOe0] 0|2, AT
Fol 25%2 I7FE 4% oF 64T~ 9HTE tCOe7HA| T
7Vsteh Al B4 Aik(Appendix Table Al, A2 Zrar)o]
oJstH o] F HFEE9] HiEd RS2 5t YHAKA-E
Aboll Al 2HAggter. 9], 4 HlEO] 10%S] F¢, &
= A5E AUy o] s E35E 9 deoldA 73
9] FATFE(‘Others_non-coal’ in Table Al) WZ AL A

B iEF wiEd FiEol 26 ~°30d 717t 5YSA Hh
Ao 7pgstnt. Soet s1
ot wWiEd oy g3 59E AnE S ok
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Table 6. Estimated permit (Net) shortfall in the Table 7. Estimated purchase cost of permits in the

power sector by scenario: (E]— Q)

power sector by scenario: P, (E]— Q)

- Reduction | Permit (Net) shortfall by year (Unit: MtCOe) ) Reduction |Purchase cost of permits (Unit: Trillion KRW)
Scenario 2 Scenario 2
rate 2026 | 2027 | 2028 | 2029 | 2030 | Avg. rate 2026 | 2027 | 2028 | 2029 | 2030 | Avg.
A 69.2 | 692 | 692 | 69.2 | 69.2 | 69.2 A 1.67 | 2.01 235 | 268 | 3.35 | 241
S0 0% S0 0%
B 91.1 91.1 91.1 91.1 91.1 91.1 B 222 | 2,67 | 3.11 3.56 | 445 | 3.20
A 69.2 | 652 | 61.3 574 | 53.6 | 61.3 A 1.67 1.89 | 2.07 | 2.21 2.58 | 2.09
S1 2% S1 2%
B 91.1 87.1 832 | 793 | 75.6 | 83.3 B 222 | 255 | 2.84 | 3.09 | 3.68 | 2.88
A 61.1 554 | 49.8 | 443 | 39.0 | 49.9 A 1.77 | 2.13 | 239 | 2.55 | 2.60 | 2.29
82 3% S2 3%
B 83.1 773 | 71.7 | 662 | 61.0 | 71.9 B 243 | 3.01 349 | 3.86 | 4.14 | 3.39
A 533 | 459 | 388 | 32.0 | 25,5 | 39.1 A 3.08 | 3.08 | 296 | 2.72 | 238 | 2.84
83 4% 83 4%
B 752 | 679 | 60.8 | 53.9 | 474 | 61.0 B 440 | 462 | 471 | 470 | 457 | 4.60

1) A: Paid allocation rate of 10%, B: Paid allocation rate of 25%

2) Year-on-Year reduction rate

S o7t FASTh Al 501, S2A904 JENE F
AP FAAR] AL 5UZE oF 4290kES] Jof viEd
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1) A: Paid allocation rate of 10%, B: B: Paid allocation rate of 25%

2) Year-on-Year reduction rate
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APPENDIX

Table A1. Estimated permit (Net) shortfall in the power sector by scenario (A) by power company: (£, —@Q/)

Power company Permit (Net) shortfall by year” (Unit: MtCO,e)
2026 \ 2027 2028 2029 2030 \ Avg.
Scenario SOA — Paid Allocation 10% & Reduction Rate” 0%
A 12.6 12.6 12.6 12.6 12.6 12.6
B 16.8 16.8 16.8 16.8 16.8 16.8
C 13.4 13.4 13.4 13.4 134 13.4
D 13.3 13.3 13.3 13.3 13.3 13.3
E 12.0 12.0 12.0 12.0 12.0 12.0
Others_non-coal -4.8 -4.8 -4.8 -4.8 -4.8 -4.8
Others_coal 3.8 3.8 3.8 3.8 3.8 3.8
Total 67.1 67.1 67.1 67.1 67.1 67.1
Scenario SIA — Paid Allocation 10% & Reduction Rate” 2%
A 12.6 11.9 11.3 10.7 10.1 11.3
B 16.8 16.1 15.5 14.8 14.2 15.5
C 13.4 12.8 12.3 11.7 11.2 12.3
D 133 12.8 12.2 11.6 11.1 12.2
E 12.0 11.4 10.8 10.2 9.7 10.8
Others_non-coal -4.8 -5.6 -6.3 -7.0 -7.7 -6.3
Others_coal 3.8 3.7 3.5 33 32 3.5
Total 67.1 63.1 59.2 55.4 51.6 59.3
Scenario S2A — Paid Allocation 10% & Reduction Rate” 3%
A 11.3 10.3 9.5 8.6 7.7 9.5
B 15.5 14.5 13.6 12.6 11.8 13.6
C 12.2 11.4 10.6 9.8 9.1 10.6
D 12.2 11.3 10.5 9.7 8.9 10.5
E 10.8 9.9 9.1 8.3 7.5 9.1
Others_non-coal -6.3 -7.4 -8.4 -9.5 -10.4 -8.4
Others_coal 3.5 33 3.0 2.8 2.6 3.1
Total 59.1 53.4 47.8 424 37.2 48.0
Scenario S3A — Paid Allocation 10% & Reduction Rate” 4%
A 10.0 8.8 7.7 6.6 5.6 7.7
B 14.1 12.9 11.7 10.6 9.5 11.8
C 11.1 10.1 9.1 8.1 7.2 9.1
D 11.0 9.9 8.9 7.9 7.0 9.0
E 9.6 8.5 7.5 6.4 5.5 7.5
Others_non-coal -7.8 -9.2 -10.5 -11.7 -12.9 -10.4
Others_coal 32 29 2.6 2.3 2.1 2.6
Total 51.3 44.0 37.0 30.3 23.8 37.3

1) The amount of permits allocated to power companies is estimated based on 2022 power generation data.

2) A year-on-year reduction rate (by scenario) is applied to the reported amount of emissions (2021 ~ 2022 average) to estimate future emissions.
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Table A2. Estimated permit (Net) shortfall in the power sector by scenario (B) by power company: (£, —@Q/)

Power company

Permit (Net) shortfall by year” (Unit: MtCO,e)

2026 ‘ 2027 2028 2029 2030 ‘ Avg.
Scenario SOB — Paid Allocation 25% & Reduction Rate” 0%

A 15.8 15.8 15.8 15.8 15.8 15.8

B 19.6 19.6 19.6 19.6 19.6 19.6

C 15.9 15.9 15.9 15.9 15.9 15.9

D 16.0 16.0 16.0 16.0 16.0 16.0

E 15.0 15.0 15.0 15.0 15.0 15.0

Others_non-coal 2.2 2.2 2.2 2.2 2.2 2.2

Others_coal 4.5 4.5 4.5 4.5 4.5 4.5

Total 89.0 89.0 89.0 89.0 89.0 89.0
Scenario S1B — Paid Allocation 25% & Reduction Rate® 2%

A 15.8 15.2 14.6 13.9 13.3 14.6

B 19.6 18.9 18.3 17.6 17.0 18.3

C 15.9 15.3 14.8 14.2 13.7 14.8

D 16.0 15.4 14.8 14.3 13.7 14.9

E 15.0 14.4 13.8 13.2 12.7 13.8

Others_non-coal 2.2 1.4 0.7 0.0 -0.7 0.7

Others_coal 4.5 43 4.2 4.0 3.9 4.2

Total 89.0 85.0 81.1 77.3 73.6 81.2
Scenario S2B — Paid Allocation 25% & Reduction Rate® 3%

A 14.5 13.6 12.7 11.8 11.0 12.7

B 18.2 17.3 16.3 15.4 14.5 16.4

C 14.8 13.9 13.1 12.4 11.6 13.2

D 14.8 14.0 132 12.4 11.6 13.2

E 13.8 12.9 12.1 11.3 10.5 12.1

Others_non-coal 0.7 -0.4 -1.4 2.4 -3.4 -1.4

Others_coal 42 3.9 3.7 3.5 33 3.7

Total 81.0 75.3 69.7 64.4 59.1 69.9
Scenario S3B — Paid Allocation 25% & Reduction Rate” 4%

A 13.3 12.1 11.0 9.9 8.8 11.0

B 16.9 15.7 14.5 13.4 12.3 14.6

C 13.7 12.6 11.6 10.6 9.7 11.6

D 13.7 12.6 11.6 10.6 9.6 11.6

E 12.6 11.5 10.5 9.4 8.5 10.5

Others_non-coal -0.8 2.1 -3.5 -4.7 -5.9 -3.4

Others_coal 3.9 3.6 33 3.0 2.8 33

Total 73.3 65.9 58.9 52.2 45.7 59.2

1) The amount of permits allocated to power companies is estimated based on 2022 power generation data.

2) A year-on-year reduction rate (by scenario) is applied to the reported amount of emissions (2021 ~ 2022 average) to estimate future emissions.
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