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ABSTRACT

This paper presents a comparative analysis between eight published studies of the 2050 Carbon Neutrality Commission's

carbon-neutral scenario and other research. The implications of this paper are as follows. First, various carbon-neutral pathways are

possible to achieve net zero greenhouse gas emissions in Korea by 2050. Second, renewable energy would occupy the largest share
of electricity generation in 2050. Third, the potential capacity for solar and wind power in 2050 is far smaller than the technological

potential of domestic renewable energy. Fourth, the literature analyzing costs of carbon neutrality is very limited. Fifth, it is necessary

to upgrade carbon-neutral scenario modeling based on performance targets and deployment times of the technologies reflected in the

scenario. Sixth, a common format for describing the main results of research will contribute to comparing and understanding the future

of carbon neutrality.
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Table 1. Outline of Korea's carbon—neutral scenario studies

. " Result data”
Source Scenario name Sector Gases Model
E F G C P
KEI'KEEI . Energy sector
Deep Energy Transition . CO; - (6] (0] (0] X X
(2019) (excluding feedstock)
GESI Absolute Emission Zero 5
All sectors” COseq. GESI Model (6] (6] o (6] X
(2021) (AZ)
KAIST-SFOC All sectors
Net Zero 2050 . COaeq. GCAM (6] (6] (6] (6] (6]
(2021) (excluding wastes)
2050 CNC
Plan A, Plan B All sectors COzeq. - (6] O (0] X X
(2021)
KIER
2021) KIER-TIMES Results Energy sector CO, TIMES (6] (6] o (6] (6]
Sector specific
NEXT Group et al.
2022) K-Map All sectors CO, bottom-up (6] X (¢} (6] (0]
approach
KEEI Net Zero Emission KEEI-
Energy sector COseq. (6] (6] (¢} (6] (6]
(2022) (NZE) EGMS
GSES SNU Net Zero 2050
All sectors COzeq. LEAP (6] (6] (6} X (6]
(2022) (NZ50)

Note.

1) GESI (model made by GESI), GCAM (Global Change Analysis Model), TIMES (The Integrated MARKAL-EFOM System), KEEI-EGMS
(Energy Greenhouse-gas Modelling System), LEAP (Low Emissions Analysis Platform)

2) E (Emission), F (Final energy), G (Generation), C (Capacity), P (Primary energy)

3) Emissions in waste and fugitive sectors follow government proposal.
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Fig. 1. Comparison of emission pathways in Korea's carbon-neutral scenario studies

Note. Dotted lines mean all sectors while solid lines mean the energy sector. Filled circles mean CO, while empty squares mean COseq.

Table 2. Comparison of greenhouse gas emission outlook in 2050

693

(Unit : Million Ton CO,, Million Ton COseq.)

2050 2050
NEXT GSES
KEI'KEEIL GESI KAIST-SFOC CNC CNC KIER KEEI
| ) Group et al. SNU
(2019) (2021) (2021) (2021) : (2021) : (2021)? (2022)
(2022) (2022)
Plan A Plan B
Sum® 50.5% 0.0 2.0 0.0 0.0 8.9 0.0 89.05) 1.6
Electricity and Heat - 0.0 -65.4 0.0 20.7 - 0.0 13.0 8.7
Hydrogen - - - 0.0 9.0 - - - 0.0
Transformation - - - - - 34.0 - - -
Final energy - - - - - 59.9 - - -
Industry 34.7 0.0 39.0 S1.1 51.1 - 113 47.0 47.6
Transport 7.6 0.0 21.5 2.8 9.2 - 0.0 23.0 1.4
Building 8.2 0.0 22.0 6.2 6.2 - 0.0 6.0 6.4
Fugitive - - - 0.5 1.3 - - - 0.3
Agriculture - - 15.0 15.4 15.4 - 12.3 - 13.2
Wastes - - - 4.4 4.4 - 4.9 - 4.4
LULUCF (Sink) - - -34.0 2253 2253 - -28.5 - 2253
CCUS - - - -55.1 -84.6 -85.0 - - -55.1
DAC - - - - -7.4 - - - -

Note.

1. Emissions from electricity and heat generation are reflected as indirect emissions for each demand sector.

w A WN

. Emissions are calculated by energy source instead of by sector.
. Sum of emissions by sector. Sum of emissions can be either gross or net emissions due to the different sectors covered by the literature.
. Carbon neutrality will be achieved through CO, reduction in developing countries.
. Reduction through CCUS is not included.

http://www.ekscc.re.kr
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Fig. 2. Final energy consumption outlook in Korea's carbon—neutral scenario studies
Note. KEI'KEEI (2019) excludes energy consumption for feedstock. Electricity share of KAIST-SFOC (2021) is recalculated including DAC.

Table 3. Comparison of final energy outlook in 2050
(Unit: Million TOE, %)

2050 CNC | 2050 CNC GSES
KEI-KEEI GESI KAIST-SFOC KIER KEEI
) (2021) : (2021) : SNU
(2019) (2021) (2021) (2021) (2022)
Plan A Plan B (2022)
Final energy 115.3 102.1 193.4 222.6 222.5 197.5 192.0 197.8
. -33% -50% -18% -5% -5% -16% -14% -12%
Relative to reference year
(vs 2017) | (vs 2020) | (vs 2020) | (vs 2018) | (vs 2018) | (vs 2017) | (vs 2020) | (vs 2018)
Sum 100% 100% 100% 100% 100% 100% 100% 100%
Fossil fuel 17% 0% 43% 15% 15% 17% 32% 28%
Electricity 64% 76% 44%? 47% 45% 38% 35% 39%
Heat 1% 11% N.AY 1% 1% 1% 2% 3%
Renewables and others 18% 0% 1% 17% 17% 19% 31% 14%
Hydrogen N.A. 14% 12% 20% 22% 25% N.A. 15%

Note. 1. KEI'KEEI (2019) excludes energy consumption for feedstock.
2. Electricity share of KAIST-SFOC (2021) is recalculated including DAC.

3. N.A. means not available.
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Fig. 3. Electricity generation

outlook in Korea's carbon—neutral scenario studies

Table 4. Comparison of electricity generation in 2050

(Unit : TWh, %)
2050 2050
NEXT GSES
KEI'KEEI GESI KAIST-SFOC CNC CNC KIER KEEI
(2019) (2021) (2021) (2021) : (2021) : (2021) Group et al. (2022) SNU
’ ' (2022) (2022)
Plan A Plan B
Generation 935 1,339 1,087 1,258 1,209 1,328 1,296 971 1,220
Relative to reference year +69% +164% +81% +120% +112% +149% +127% +76% +110%
Sum 100% 100% 100% 100% 100% 100% 100% 100% 100%
Fossil fuel" 5% 2% 16% 0% 5% 3% 0% 10% 0%
Nuclear 9% 4% 7% 6% 7% 6% 6% 9% 6%
Renewable and others” 86% 94% T7% 94% 88% 91% 94% 81% 94%
Note. 1. Fossil fuel includes fossil fuels, CCS, CHP, and non-utillity generation for common use.

2. Renewables and others mean all generation except nuclear and fossil power generation.
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| s A2 AJAISEL Qlth(Fig. 3, Table 4). 2050
A A2 718 dx vlwstd HA 69% (KEI-
KEEIL 2019)9]4 Z 164% (GESI, 2021) Z7}}1, B
112% Z7}eh= o= BAE|9lrh. KEI'KEEI (2019)9] 7
= A= of¥] 20509 TAHFO F7HES tRE £E0 H]
S WA e ooz 4 BARS I3 W] 11y
] ke Hx Qg Aoz wtdt IAARE o]8gt
A ko] H]L-2- 20209 63% (KEEL 2022)0l4] 2050 0]
ZA 0% (2050 CNC (2021)9] ASl, NEXT Group et al.,
2022; GSES SNU, 2022)914 X 16% (KAIST-SFOC,
2021)01H B 7%= EAEAT SAZL-AZHCCS)Y
I 79eE 4% 82 KAIST'SFOC (2021),
KIER (2021)0]9, KAIST-SFOC (2021)0]A]%= H}o] QufjA
CCS®F LNG CCS7} A AAksta, KIER (2021)0)41=
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Fig. 4. Generating capacity outlook in Korea's carbon-neutral scenario studies
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Fig. 5. Primary energy supply outlook in Korea's carbon-neutral scenario studies

Table 5. Comparison of primary energy outlook in 2050

(Unit: Million TOE, %)

KAIST-SFOC KIER NEXT Group et al. KEEI GSES SNU
(2021) (2021) (2022) (2022) (2022)
Primary energy 242 349 185 381 354
Relative to reference year 18% % 2% 0% 7%
(vs 2020) (vs 2017) (vs 2018) (vs 2020) (vs 2018)
Sum 100% 100% 100% 100% 100%
Coal 2% 0% 0% 1% 0%
Oil 30%" 8% 9% 13% 13%
Gas 19% 7% 0% 11% 5%
Nuclear 4% 4% 9% 5% 5%
Renewables and others 45%" 54% 64% 71% 62%
Imported hydrogen N.A. 27% 18% N.A. 16%

Note. 1. In KAIST-SFOC (2021) oil share is recalculated including industrial feedstock. Share of renewables and others is recalculated

including DAC.
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Table 6. Emission intensity trend by literature
Reference year" Outlook" Average rate of change
Unit Reference
2017 2018 2020 2030 2050 2030 ~ 2050
year ~ 2030
TCOzeq.
KAIST-SFOC (2021) 2454 1.848 -0.008 -0.061 -0.093
/TOE
TCO,
KIER (2021) 2216 - 1.460 0.025 -0.058 -0.072
/TOE
TCO,
NEXT Group et al.(2022) - 2.900 - 1.886 0.000 -0.084 -0.094
/TOE
TCOxeq.
KEEI (2022) 1.952 1.418 0.234 -0.053 -0.059
/TOE
TCOzeq.
GSES SNU (2022) TOE - 2277 - 1.341 0.004 -0.078 -0.067

Note. 1. This value is obtained by dividing the emissions in Section 3.1 by the primary energy in Section 3.4.

(KEEI, 2022)0]%31, 20501d0]| |4~ 45% (KAIST-SFOC, 2021)
oA |t 71% (KEEL 2022)0]1 B 59%Z XA ZAo&
A Y A4S EHE SRR Aok B 33
(KIER, 2021; NEXT Group et al., 2022; GSES SNU, 2022)°]

Z=0] Z=A0] X}l A] B82S 20204 0% (KEEL 2022)°]
2lom, 20500 X4 16% (GSES SNU, 2022)0]14 Zth 27%
(KIER, 2021)°|™, Bt 20%E AA|oh= A= EAE I
KEEI (20222 =%} 545 APFofUA]-7TEjo]] ZRRAI7] L ik

203049 1z A] FFEFe] oigt Ha HolH+=
Appendix 40f A A5}t

3149 2ATA HIEHE IAOUR| FEFLE Use
vj&3F ko] o] Table 61} ZT}. KAIST-SFOC
(2021)3 NEXT Group et al.(2022)2 H|o|x] BEO] uj
ST& Xkl glom, KEEI (2022)& oA F&e
&S 2R SHAT CCUSY 93t &S A9
I oA & HAE 715 FF 1hol @& H

Wihs A2 FE7F A AT ZF EF Ho A g4
THS A M= eI sE2 VIS

AL} 2030, 20509 H|WS| & 4 ot L Z KAIST
-SFOC (2021)9] ®i&sF Aokl 20200f 2.454 TCOseq./
TOE©IA 2030 1.848 TCO,eq./TOE, 2050 —0.008 TCOseq./
TOEC & ZHAstH, Hi&sF JAFL 9| 7 A= 20304
7HA] B 2030 ~ 20504 7|17l © HEEA] ZFAsfof
ohS &Rl 4 Slth. GSES SNU (2022)°)4 = Hi&F
Aok 9] ZhA FA|= 2030 ~ 2050 7] 7HE T 20307t
A o "EA FAshs Ao2 EAFE

Journal of Climate Change Research 2022, Vol. 13, No. 5

3.5. BHAFH ALE|R 23 F2 Ayt FF

8HO| £ ) THES TUZ O = H|WSHH Table 72} 2
o} agd 250 24V HiET, CCUS-DAC 339t ofF,
FBoHA] =8 A, 2SR A7]8F H 44 v, T
gt 12}of[ A R[oflA] Aol AA]- 7 et ZRATSH= Hlg-2 AollA]
H] w245 W8t sdoic d5 FRA(GESI, 2021; KAIST-
SFOC, 2021; 2050 CNC, 2021; KIER, 2021; NEXT Group et
al., 2022)°l4= Ao A7T EE=Fe] iR AFARE 42
AYAARI] QP8-S FAIH] f1t Rt/d HIRteEM, =
2, oA APFAIARUESS), s (G4 A4h B 4 A7,
7P, Feka EYl, 550} 12|t Fo] ZIE N Sirk &
A it B8E 7 e ES Aot AQEE=HES
EA3E B9 uje AgkAo|9ick. GESI (2021) B4 Avkr}
ofat 7 o2 ghA H|-8o] 20251 52 €/4C0seq.014] 2050
H 150 €4COeqE M=l= Z 02 A7g5}3rt. KAIST-SFOC
(20212 £HAF oA BAVFA(20159 S| 7159)0] 2025
78 $CO,OA 20501 385 $HCO, = OF 5H] =20 = =0}z A
o7 BA511 QIth. NEXT Group et al.(2022)2 205087}4] 7|
Z A gjy] BR = Bt 4629 Sk v, A7k 7F
= WO ABF 50~100F o] & Ao BMslal 9k
GSES SNU (2022)2- 9] B3150] 22 eihzy] B2} ulg
S0 9] HiESF Ble GDP e J1efslo] ssd
HI8-2 2050W714] 9338t GDPL] 2.6~7.6%7}+ & Ho= 7Fd 3
okl glow, 2A7EA 9 7] o ARt Hel A7t 5= A
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Table 7. Comparison of results in 2050 of Korea's carbon-neutral scenario studies

2050 CNC (2021)

S KEI'KEEI GESI KAIST-SFOC KIER NEXT Group et al. KEEI GSES SNU
cHEe (2019) (021) 021 — — 021) (2022) (2022) (2022)
Emissions 2 5
L H 50.5" 0.0 20 0.0 0.0 89 0.0 89.0 1.6
(mullion ton COseq.)
Whether CCUS or DAC . ) CCS. DAC CCUS CCUS, DAC CCUS . CCUS not CCUS
. not considered not considered : ; i ] CCU considered 2 E
are considered considered considered considered considered included considered
Final energy change in -33% -50% -18% . -16% -14% -12%
i . . -5% relative to 2018 i NA. . )
target year relative to 2017 | relative to 2020 | relative to 2020 relative to 2017 relative to 2020 | relative to 2018
Electricity share of final 9
64% 76% 44% 47% 45% 38% NA. 35% 39%
energy
Hydrogen share of final
NA. 14% 12% 20% 22% 25% NA. NA. 15%
energy
Renewables and others
. 86% 94% 77% 94% 88% 91% 94% 81% 94%
share of generation
Renewables and others
. NA. NA. 45%4) NA. NA. 54% 64% 71% 62%
share of primary energy
Surplus
electricity
Carbon-free gas
converted to : Hydrogen
Carbon-free gas turbine, 4 Pumped storage.
o . heat and Gas power . . turbine. 8
Flexibility option - . turbine, electrolysis. . Li-ion battery, - -
hydrogen. plants, ESS x ) electrolysis,
. electrolysis Northeast Asia hydrogen storage
Flexible 3 ESS
. ~ enid
facilities 375
GW by 2050
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Table 7. Comparison of results in 2050 of Korea's carbon-neutral

scenario studies (Continued)

2050 CNC (2021)

S KEI'KEEI GESI KAIST-SFOC KIER NEXT Group et al. KEEI GSES SNU
ource
2 202 pl 202 2022 2022 2022
(2019) (021) @o021) — — (2021) (2022) (022) (2022)
By 2050, the
Annually
o average annual
. additional 1
Carbon price . cost 15 2.6~
Carbon costs . investment would
(monetary basis . 7.6% of GDP”
are assumed to . be 46 trillion won .
. in 2015) and the social
rise from . and the annual
. increases from B} benefit of
Energy related cost NA. 52€/tCOzq. 1n . NA. NA. NA benefit of reducing NA. .
788/tCO; in reducing
2025 to COzeq. would be
2025 to L greenhouse gas
150€ /tCOzeq 3 y 50 ~ 100 trillion . ;i
. 3858/tCO; in and air pollution
mn 2050. won by 2050 i .
2050. is 5 trillion won

compared to the

business-as-usual.

per year (5%

discount rate).

Note.

1
2
3
4
5

. Emissions can be either gross or net emissions due to the different sectors covered by the literature.
. Carbon neutrality will be achieved through CO; reduction in developing countries.

. Reduction through CCUS 1s not included.

. In KAIST-SFOC (2021) share of electricity is recalculated including DAC. Share of renewables and others 1s recalculated including DAC.

. Indirectly estimated by considering Korea's emission share and GDP growth rate in global carbon-neutral investment costs in foreign literature.
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Appendix 1. Comparison of greenhouse gas emission outlook in 2030
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(Unit: Million Ton CO,, Million Ton COseq.)

Joint Ministry NEXT
KEI-KEEI GESI KAIST-SFOC X KIER KEEI GSES SNU
b of Relations 2 Group et al.
(2019) (2021) (2021) (2021) (2022) (2022)
(2021) (2022)
Sum® 499.5% 406.5 505.3 436.6 4583 411.4 465.07 446.9
Electricity and Heat - 150.0 191.6 149.9 - 112.0 180.0 144.0
Hydrogen - - - 7.6 - - - 30.5
Transformation - - - - 197.9 - - -
Final energy - - - - 265.4 - - -
Industry 280.9 143.5 203.7 222.6 - 205.8 172.0 188.3
Transport 87.8 78.7 81.8 61.0 - 57.6 82.0 55.5
Building 130.7 343 533 35.0 - 323 31.0 352
Fugitive - - - 39 - - - 3.1
Agriculture - - 18.0 18.0 - 17.9 - 17.8
Wastes - - - 9.1 - 13.0 - 9.1
LULUCF (Sink) - - -43.1 -26.7 - -27.2 - -26.7
CCUS - - - -10.3 -5.0 - - -10.0
Overseas reduction - - - -33.5 - - - -

Note. 1. Emissions from electricity and

2. Emissions are calculated by energy source instead of by sector.
3. Sum of emissions by sector. Sum of emissions can be either gross or net emissions due to the different sectors covered by the literature.

4. Carbon neutrality will be achieved through CO, reduction in developing countries.

5. Reduction through CCUS is not included.

Appendix 2. Comparison of final energy outlook in 2030

heat generation are reflected as indirect emissions for each demand sector.

(Unit: Million TOE, %)

KEI'KEEIL GESI KAIST-SFOC 2050 CNC | 2050 CNC KIER KEEI GSES SNU
(2019)" (2021) (2021) (2021) : (2021) : (2021) (2022) (2022)
Plan A Plan B
Final energy 158.7 172.3 220.8 - - 220.6 222.0 2234
Relative to -8% -16% -6% -6% 0% -1%
reference year (vs 2017) (vs 2020) (vs 2020) i i (vs 2017) (vs 2020) (vs 2018)
Sum 100% 100% 100% - - 100% 100% 100%
Fossil fuel 56% 60% 66% - - 53% 64% 59%
Electricity 31% 34% 27% - - 26% 27% 27%
Heat 1% 4% NAY - - 3% 1% 3%
Renewables and others 12% 1% 2% - - 9% 8% 5%
Hydrogen N.A. 1% 5% - - 9% N.A. 5%

Note. 1. KEI'KEEI (2019) excludes energy consumption for feedstock.

2. Electricity share of KAIST-SFOC (2021) is recalculated including

3. N.A. means not available.

DAC.

http://www.ekscc.re.kr
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Appendix 3. Comparison of electricity generation in 2030

(Unit: TWh, %)

KEI-KEEI GESI KAIST-SFOC | 2050 CNC KIER Gr::i): " KEEI GSES SNU
(2019) (2021) (2021) (2021) (2021) 2022) (2022) (2022)
Generation 628 753 802 612 717 726 792 790
Relative to reference year +14% +49% +34% +7% +34% +27% +43% +36%
Sum 100% 100% 100% 100% 100% 100% 100% 100%
Fossil fuel” 56% 42% 47% 41% 42% 27% 48% 30%
Nuclear 24% 20% 18% 24% 20% 20% 17% 17%
Renewable and others” 20% 39% 35% 35% 38% 54% 34% 53%

Note. 1. Fossil fuel includes fossil fuels, CCS, CHP, and non-utillity generation for common use.

2. Renewables and others mean all generation except nuclear and fossil power generation.

Appendix 4. Comparison of primary energy outlook in 2030

(Unit: Million TOE, %)

KAIST-SFOC KIER NEXT Group et al. KEEI GSES SNU
(2021) (2021) (2022) (2022) (2022)
Primary energy 273 314 218 328 333
Relative to reference year 8% 1% % 2% 0%
(vs 2020) (vs 2017) (vs 2018) (vs 2020) (vs 2017)
Sum 100% 100% 100% 100% 100%
Coal 13% 7% 12% 15% 12%
oil 44%" 26% 35% 28% 28%
Gas 26% 33% 17% 23% 20%
Nuclear 5% 9% 14% 9% 9%
Renewables and others 12%" 25% 18% 25% 29%
Imported hydrogen N.A. 0% 3% N.A. 1%
of renewables and others is recalculated

Note. 1. In KAIST-SFOC (2021) oil share is recalculated including industrial feedstock. Share

including DAC.
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