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ABSTRACT

The Korean government has set a nationally determined contribution (NDC) target to reduce greenhouse gas (GHG)
emissions by 40% by 2030 compared to 2018 levels, with the ultimate goal of achieving carbon neutrality by 2050 (Cho,
2022). To reach this goal, the government plans to promote a hydrogen economy. Specific targets have been established for
GHG emissions and hydrogen production, including a hydrogen sector emissions target of 8.4 million tCO,e by 2030 and
9 million tCO,e by 2050. This study employs a combinatorial approach to determine the optimal hydrogen production mix
using three technologies: coal gasification (CG), steam methane reforming (SMR), and SMR with carbon capture and storage
(CCS). The analysis aims to identify the optimal hydrogen production ratio (%) by comprehensively evaluating the
environmental and economic performance of these technologies. A combination method was applied to analyze production
ratios ranging from 1% to 100%, resulting in 5,151 possible combinations. Among these, 1,949 combinations were selected
based on Korea’s hydrogen production emission targets for 2030 and 2050. Using the selected combinations, the average
production ratios were calculated to derive the final optimal hydrogen production mix. The results suggest that an optimal
production ratio of 55.7% for SMR+CCS, 31.1% for SMR, and 13.2% for CG achieves an effective balance between

environmental performance and economic efficiency, based on the assessment of GHG emissions and production costs per
kilogram of hydrogen.
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Table 1. Domestic 2030 and 2050 hydrogen
production scenarios
(Unit: t H,)
2050
Category 2030
A B
Total 1,940,000 27,400,000 27,900,000
Electrolysis 250,000 5,500,000 3,000,000
Reforming 770,000 0 1,000,000
By-product/Overseas Import 919,560 21,900,000 23,900,000
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Table 2. Hydrogen production calculated value in this study
(Unit: t Hy)
Domestic hydrogen By-product/ Total (d
Category . verog Green H, (b)” P . @
scenario (a) Overseas import (c) (a)-(b)-(c)=(d)
2030 1,940,000 250,000 919,560 770,440
2050 (B Scenario) 27,900,000 3,000,000 23,900,000 1,000,000

Y In the national scenario, the hydrogen target for “electrolysis” includes the national blue/green hydrogen production targets.

259 ton°|H, 20502 AQFS 5504t ton, B 3004
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Oz A= Aot RS 9 F4a FEFS 2030
H-2 927t ton, 20502 AN 2,190% ton, B2 2,390
THtonO 2 AAE o] QIti(Table 1)(2050 CNC, 2021;
Joint Ministries, 2021).
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Table 3. Environmental analysis literature data

Type Emissions Resource
(kg COe/kg H»)
1 Coal 17.3 (Lewis et al., 2022)
2 216 (IEA, 2022)
3 18.8 (Bac and Jung, 2007)
4 SMR 8.8 (Lewis et al., 2022)
5 9.8 (IEA, 2022)
6 9.8 (Bac and Jung, 2007)
7 SMR+CCS 3.9 (Lewis et al., 2022)
8 0.6 (IEA, 2022)
T 1.7 (Bae and Jung, 2007)
T3 2 AoA AR 4 A H]Eof it
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4 @l e,
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4)(Bae and Jung, 2007; IEA, 2022; Lewis et al., 2022;



Table 4. Economic analysis literature data

Price
Type (USD Resource
/kg Hy)
1 CG 2.6 (Lewis et al., 2022)
2 1.7 (IEA, 2022)
3 1.1 (Bae and Jung, 2007)
4 2.1 (Brinkman, 2003)
5 1.6 (Simbeck and Chang, 2002)
6 53 (Singh et al., 2005)
7 1.0 (NRC and NAE, 2004)
8 1.6 (Bae and Jung, 2007)
9 SMR 1.1 (Lewis et al., 2022)
10 2.8 (IEA, 2022)
11 1.2 (NRC and NAE, 2004)
12 3.7 (Singh et al., 2005)
13 1 (Simbeck and Chang, 2002)
14 0.9 (Brinkman, 2003)
15 SMR+ 1.6 (McNaul et al., 2023)
16 CCS 3.8 (IEA, 2022)

McNaul et al., 2023; NRC and NAE, 2004; Simbeck and
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SMR+CCS oA &4 -] tjgt 57} AAEE= A&
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Fig. 2. Average of environmental impact
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2050: 9,500,000 tons COZe
SMR
2030: 7,319,180 tons COZe

2050: 2,100,000 tons COZe
SMR+CCS
2030: 1,617,924 tons COZe

2050: 9,000,000 tons COZe

2030: 8,400,000 tons CO2e

Fig. 3. Greenhouse gas emission based on domestic
hydrogen production target

Bt &S 192 kg COse/kg Ho2 UFERGTEH SMR 7]
&2 55 4 YA LATVIA BETL 8.8 kg COx/kg
H,~9.8kg COx/kg H,= AAQECH, B #iE&F2
9.5 kg COse/kg H,2 YEFGTE SMR+CCS 7|42 &85t
T YA ATEA &2 0.6 kg COse/kg Hy~3.9
kg CO/kg W2 YERGY, B HiEF2 2.1kg
CO.e/kg H2 LERGTH

T3 Y $4 YA BRFS 7]1E0F CG, SMR 1
1l SMR+CCS 7|04 EAst= 24A7A HiEFE
H o 2 =71 2A7FA 30| it 7]E A%(20304,
2050) =2 H|wako] F-A5tIchFig. 3). A =7t
AZIA & EEE 20309 8,400,000 ton CO,e, 2050
9,000,000 ton CO.eZ AA= o] glom, IsA, 9
Y i, FAFALE AT 17 4 A FRGS
2030 770,440 ton, 2050 1,000,000 tonC. & A =]o]
Qltk(Jang et al., 2024).

CCS 7]&E Z=USH SMR HHA]9] 2A7IA Hij&Ee
203040l 1,617,924 ton COse, 2050E0] 2,100,000 ton
COeE A FEH, o|= 77} 2A7IA W& =3l 7MY
LS o2 4 ZRE Sk o fES A"
Ao 7 Ueyttt HHA, CCS 7142 283514 &2 SMR
HhAlo] @ A7FA Hi&ES 2030 0] 7,319,180 ton COse,
20509 9,500,000 ton CO,eZ YEFY 2050 =7} BH
HIESRS 23 o= F7HAQl 247 HiE A7
e A7 QTS HojEth CG 7|&E o8 &
A AJARO] 7%, 20301 HiETHS 14,792,448 ton COse,
2050 BiES 19,200,000 ton COeE WiS- =& =%
£ 71535t H7F wiE BRE A 2ot Ao U
gt wEbA H7F 2AVEA HE H3o| Rl 4
4 AYAE HHA 0 2= SMR+CCS HH4]o] 7 Zghet Ao
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3.2. =4 44 7128 FHY 24 2

CG, SMR 18|11 SMR+CCS 7]&
Ab Al HASHE AAA HES B7}
ol tHFig. 4). £ EX(Bae and Jung, 2007; IEA,
2022; Lewis et al., 2022; McNaul et al., 2023; NRC and
NAE, 2004; Simbeck and Chang, 2002; Singh et al.,
2005)°] =W, CG 7|&= o|&et 4 AJ4te] A& 5
A 1kgd A4 H]-8L2 1.0 USD/kg H,~2.6 USD/kg H,
Heloll o, Hot BAF H-E-2 2.1 USD/kg H,2 UE}
FTh SMR 7]&& &85 4 A FE 4 kgD
ZAr H]-8-2 0.9 USD/kg H, ~ 3.7 USD/kg H, ¥ <)o 9l
o, B4 A4 H|8L 1.8USDkg H,2 LEZH9th
SMR+CCS 7]&Z Z-83t 4 A9 B8 $4 1kgd
AL 8]2-2 1.6 USD/kg H, ~3.8 USD/kg H,9 90|
Qom, Hat B4 H-&L 2.7 USD/kg H,2 UERGT
E3F CG, SMR 181 SMR+CCS 7|&¥z 2y 4
& A R0 oigt 7] AX (20304, 2050)]
£ 4 A4 HE&S Haste] EASHItHFig. ).
SMR+CCS 7]&< o]&3t 44 AJ4F ] LS 203040]

2050: 2,100,000

<G
2030: 1,617,924

— B
SMR

2030: 1,386,792
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Fig. 5. Projected costs by hydrogen production
method (Unit: 1,000 USD)
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Table 5. Optimal combination of hydrogen production ratios

Ratio(%) 2030 2050 2030 2050 2030 2050
No. Emissions Emissions Price Price Emissions Emissions
Coal SMR SMR+CCS (t COze) (t COsze) (1,000 USD) (1,000 USD) Rate Rate
[4372] 0 93 7 6,920,092 8,982,000 1,435,330 1,863,000 1,939 1,939
[4279] 0 92 8 6,863,080 8,908,000 1,442,264 1,872,000 1,898 1,898
[4187] 0 91 9 6,806,067 8,834,000 1,449,198 1,881,000 1,858 1,858
[4188] 1 90 9 6,880,800 8,931,000 1,451,509 1,884,000 1,911 1,911
[4096] 0 90 10 6,749,054 8,760,000 1,456,132 1,890,000 1,818 1,818
[4097] 1 89 10 6,823,787 8,857,000 1,458,443 1,893,000 1,871 1,871
[4098] 2 88 10 6,898,520 8,954,000 1,460,754 1,896,000 1,924 1,924
[4006] 0 89 11 6,692,042 8,686,000 1,463,066 1,899,000 1,779 1,779
[4007] 1 88 11 6,766,775 8,783,000 1,465,377 1,902,000 1,831 1,831
[4008] 2 87 11 6,841,507 8,880,000 1,467,688 1,905,000 1,883 1,883
[3917] 0 88 12 6,635,029 8,612,000 1,470,000 1,908,000 1,740 1,740
[4009] 3 86 11 6,916,240 8,977,000 1,470,000 1,908,000 1,936 1,936
[3918] 1 87 12 6,709,762 8,709,000 1,472,311 1,911,000 1,791 1,791
[3919] 2 86 12 6,784,495 8,806,000 1,474,622 1,914,000 1,843 1,843
[3829] 0 87 13 6,578,017 8,538,000 1,476,933 1,917,000 1,701 1,701
[3920] 3 85 12 6,859,227 8,903,000 1,476,933 1,917,000 1,895 1,895
[3830] 1 86 13 6,652,749 8,635,000 1,479,245 1,920,000 1,752 1,752
[3921] 4 84 12 6,933,960 9,000,000 1,479,245 1,920,000 1,949 1,949
[3831] 2 85 13 6,727,482 8,732,000 1,481,556 1,923,000 1,803 1,803
[1] 0 0 100 2,408,395 3,126,000 2,052,452 2,664,000 52 52
[3] 1 0 99 1,845,974 2,396,000 2,052,452 2,664,000 7 7
[2] 0 1 99 2,127,185 2,761,000 2,052,452 2,664,000 24 24
[6] 2 0 98 1,920,707 2,493,000 2,054,763 2,667,000 11 11
[5] 1 1 98 2,201,918 2,858,000 2,054,763 2,667,000 31 31
[4] 0 2 98 1,995,440 2,590,000 2,057,075 2,670,000 15 15
[10] 3 0 97 2,276,650 2,955,000 2,057,075 2,670,000 38 38
[9] 2 1 97 1,788,962 2,322,000 2,059,386 2,673,000 5 5
[8] 1 2 97 2,070,172 2,687,000 2,059,386 2,673,000 20 20
[15] 4 0 96 1,863,694 2,419,000 2,061,697 2,676,000 8 8
[14] 3 1 96 2,144,905 2,784,000 2,061,697 2,676,000 26 26
[71 0 3 97 1,938,427 2,516,000 2,064,009 2,679,000 12 12
[13] 2 2 96 1,731,949 2,248,000 2,066,320 2,682,000 3 3
[21] 5 0 95 2,013,160 2,613,000 2,066,320 2,682,000 16 16
[12] 1 3 96 1,806,682 2,345,000 2,068,631 2,685,000 6 6
[20] 4 1 95 1,881,414 2,442,000 2,070,943 2,688,000 9 9
[11] 0 4 96 1,674,937 2,174,000 2,073,254 2,691,000 2 2
[19] 3 2 95 1,749,669 2,271,000 2,075,565 2,694,000 4 4
[28] 6 0 94 1,617,924 2,100,000 2,080,188 2,700,000 1 1
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