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Abstract >> This study assesses the greenhouse gas (GHG) reduction potential of
replacing 10% of energy consumption with hydrogen in Korea’s energy-intensive
industries from 2020 to 2050. GHG emissions per kilogram of grey, blue, green,
and imported hydrogen were estimated based on national hydrogen production
targets. Comparison of hydrogen demand and supply shows deficits of 2,861
thousand tons in 2020 and 79 thousand tons in 2030, but a surplus of 22,414
thousand tons by 2050, enabling up to 50% substitution of industrial energy.
Emission analysis indicates reductions of 36% in 2020, 70%in 2030, and 81%in
2050 relative to conventional fuels. In relation to national targets, hydrogen adop-
tion contributes 5% of total 2023 reductions, 399% of the 2030 hydrogen-sector
target, and 372% of the 2050 Scenario B target. These findings highlight the crit-
ical role of large-scale hydrogen deployment, particularly green and imported hy-
drogen, in achieving deep decarbonization of Korea’s industrial sector.

Key words : Hydrogen energy(4:4 ©f|L4 X|), Energy-intensive industries(Of| L4 X| CtAH|
A1), Greenhouse gas emissions(2 A 7tA B &%), Decarbonization
strategy(EHEtA H2F), Energy transition policy(Of| L X| M2+ & &)
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[Step 1]

Evaluation of Greenhouse Gas Emissions from
Domestic Hydrogen Production Targets
(Based on hydrogen production targets for
2020, 2030, and 2040)

Hydrogen Production Sources:

* Grey Hydrogen (7.8 kgCO:ze/kgHz) L

* Blue Hydrogen (2.1 kgCOze/kgHz)
Linear

Analysis of Hydrogen Production Volume for
10% Energy Substitution

| T10% of 2-0"‘0 energy consumption: 2020 energy

* 10% of 2030 and 2340 energy consumption:
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Analysis of Greenhouse Gas Reduction
Contribution from Hydrogen Production Targets

- Estimate greenhouse gas target emissions based
on domestic carbon neutrality policies

- Calculate reduction contribution rate

(a) Final National Greenhouse Gas Emissions in 2023

(b) Target GHG Emissions for the Hydrogen Sector

* Green Hydrogen (1.7 kgCOze/kgHz) from 20 TZ to 2023

* Imported Hydrogen (2.4 kgCOze/kgHz)

g
of Energy in 2030

(c) Target GHG Emissions for the Hydrogen Sector
in 2050 — Scenario B*
* Scenario A was not included as the target emission is ‘0 tCOZe"

Fig. 1. The analysis flow
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Table 1. Scope of research data collection and share of energy
use in final energy consumption

Category(year) Numbe.r of Entities | Share of Energy
(Unit: counts) Use(%)

20129 3,252 39.5

2013” 3,594 39.4

20149 3,777 41.9

2015” 4,393 41.9

2016 4,578 44.9

2017 4,682 44.7

20182 4,694 45.8

2019 4,695 47.7

2020'Y 4,714 47.0

2021 4,863 46.9

2022' 5,049 459

20237 5,128 478

Average 4,452 44.5
sheiet 2Eo] i vgk 7HE(SMR) 3 A -8)sh
TH B W ARIE VR B iE
ASE Hesigdon, 82 ok 712 g A
S0l Bz S8 AHCCUYS) 7] =Yt A
& B2 Hdgts AEsaloh 19l éih A8
ofURE 83t sl 7]RE A AHIE WHskal
a1, 3f9] Q) 0] viE A I9 A AL
7I8F Q) ag AAste] O™ A AL
molE 7)A] far Agshs 34 wefsgct
(Table 2).
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Table 2. Estimation criteria for hydrogen-related emissions

Average
Emissio | Emissio
ns ns (Unit:
1 .
Category (Unit: | kgCOze/ Source
kgCOye/ | kgHs)
kgHy)
8.8 |NETL, 2022'®
9.8 |IEA, 2022"
Girey 7.8 -
Hydrogen 9.8 |IH. Bae et al., 2007*
2.6 Ecoinvent 3.11
39 |NETL, 2022
Blue
2.1 . IEA, 2022
Hydrogen 06 » 20
1.7 J.H. Bae et al., 2007
2.0 |Terlouw, T et al. 20222"
1.0 |Shandarr, R et al. 2014
Green 17 - )
Hydrogen . 33 Bareiss, K et al. 2019
0.7 Ghandehariun, S et al.
) 2016*
0.7 |Lim, JT et al. 2025
Imported 24
hydrogen ’ 17 Average value of Green

Hydrogen
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Table 3. Current status of national greenhouse gas emissions
Catego Greenhouse Gas Emissions
£ory (Unit: ton COse)
(a) National Greenhouse Gas Emissions in Korea (2023) 624,200,000
(b) Hydrogen Greenhouse Gas Target Emissions — 2030 (Revised NDC)?” 8,400,000
(c) Hydrogen Greenhouse Gas Target Emissions — 2050 — Scenario B**® 9.000.000
*Scenario A was not included as the target emission is ‘0 tCO,e’. T
Table 4. GHG emissions based on national hydrogen production targets
Catecory of Hydrogen Production Target Hydrogen Production Ratio GHG Emissions
RO OF SYCIoS (Unit: ton Hy)" (Unit: %) (Unit: ton COse)
Total 220,000 100 1,706,650
Grey 220,000 100 1,706,650
1 | 2020 Blue - - -
Green - - -
Imported - - -
Total 3,900,000 100 13,978,025
Grey 940,000 24 7,292,050
2 | 2030 Blue 750,000 19 1,552,500
Green 250,000 6 434,375
Imported 1,960,000 50 4,699,100
Total 27,900,000 100 64,255,250
Grey - - -
3 | 2050 Blue 2,000,000 7 4,140,000
Green 3,000,000 11 5,212,500
Imported 22,900,000 82 54,902,750
(220239 = F 2A7FS HilE 624200 M £ 2 HiEge ofn|Rith
COx & 7|02 APt
F3h 2030 W 2050 A FE B ujE E..=(E,./E,)>x100 )

< 1=}
anE

8,400 A = COge, (c)2050%

gl 7ot Bk 9fs (620304
2 B wE

2 FAZE AASIA] = AT X FhAddg
2 ek Bot % AEoR eAvks wE

#7h A5bE BobY| s B 2AVES Hi ujEw
9,000 A E COx & 7|202 A )8 E3] Azt
7| EE Ao R w2t Table 3). o]7]A,
E, & 247 2 o|qA] A3t 7l°4g, grL ISR

AHslo) w2 AI7IA AEF agla FLS AU

Vol. 36, No. 5, October 2025

3. g4 Zit
9| 2471A HHEZF Eot

HEF 220 A EL 7
d0]422 100%2)

ro i

lo
>
N
)
>~
=)
i
O
o
~
>,
o
i
i)
_\::L
3
()
(@)
2
u
®
=
[¢]

Journal of Hydrogen and New Energy <<



B46 L OLIX| ChAH] ARIO| 44 OfILIX] KR 2
L]

Table 5. Required hydrogen production for 10% energy substitution

Energy Con.sumptlon H.l 10% Conversion Value Required Hydrogen Amount
Category Energy-Intensive Industries . .
. (Unit: toe) (Unit: ton)
(Unit: toe)
1| 2020 104,345,000 10,434,500 3,081,065
2 | 2030 134,781,987 13,478,199 3,979,798
3 | 2050 189,145,833 18,914,583 5,585,035

A EE 7o R 4 A B3 v)EQl ol
X 24%, B2 19%, 4L 6%, 39 bh
50%9] 247k viEwRE AT A3} 13,978 A
COe O= UERTE 20509 & =4 A4 =
27,900 A ELS 7|20 2 224 AJAF B3 689l
B2 7%, AU 1%, 395954 82%9]
A7 B ETRS APPSR 23 64,255 & COe

2 UEITtHTable 4).

B

o ro fr ot rhm

3.2 OlAX| AKSE 10% Zisiofl 2 A A TOEE

U 2UTLA HhEY 2N

U ol A] thAH] AF o R] ARl 10%E

3,979.798 3,900,000

SaE AW AP BAT SAFS 20204 3,081
A E, 20309 3,979 A E, 20504 5,585 A Eo =2
APYS| ek Table 5). S At ghe Sk e B3t
v w23k 20509E Ag 202093}
203049] F7} S BE AGAO] LA A
YRg Sagut REste] 7 o] 4n] Az
o o] A2 AOE shotek

2020101 AL, S AAF B 220 4 E} o]
so] 4 AAkFo] 2,861 W Eo| HEFE A0 Ut
EhetTh 203041Q) 749, 4 A B3 3,000 A E
3} sk} 44 AAkEFO] 79 W Eo| HEE A0
2 Uebgth v, 205091Q) A9, fd AR B
27,900 3 E3} Tjulsto] 22314 A EO] 44 AL

21,900,000

22,314,965

5,585,035

PZA Required Hydrogen for 10% Urban Energy Conversion (a)
EX3 Planned Hydrogen Production Target (b)
-(b)
25,000,000 T @)
20,000,000 -
15,000,000
o
=
2
10,000,000}
5,000,000 F
3,081,065 7
// 220,000
| [
2,861,065

N

-79,798

2020

2030 2050

Fig. 2. Comparative analysis with national hydrogen production targets
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Table 6. Scenario application: hydrogen share for 10% urban energy substitution

Sty Produf:tion Target Hydrogen Pr.oduction Ratio Greenhou.se Gas Emissions
(Unit: ton Hy) (Unit: %) (Unit: ton COze)
Total 3,081,065 100 23,901,358
Grey 3,081,065 100 23,901,358
1 | 2020 Blue - - -
Green - - -
Imported - - -
Total 3,979,798 100 14,264,029
Grey 959,233 24 7,441,252
2 | 2030 Blue 765,346 19 1,584,266
Green 255,115 6 443,263
Imported 2,000,104 50 4,795,248
Total 5,585,035 100 12,862,647
Grey - - -
3 | 2050 Blue 400,361 7 828,747
Green 600,541 11 1,043,441
Imported 4,584,133 82 10,990,459
GOl ool WAske A= YEPdtiFig 2). % 2050 e FE 3 HlET Y] 7]oles
ES e A SEF] gid 7R Wi Tt
= APgsialtk 2020900 28 45 3,081 M E 202099 A, o oy A Mo = QIRh 24
& ISR dFolea 100%2] Bles A8 2 7Rk uiEEe] 71E Hiv] 13,590 A & COe #4st
I, & A7 SRS 23901 A & COe2 2P g, ojs U & 247 wiEa divlstod
AT 2030 HA] F BR e AR 3979 AR 7]odE0] 22% 22 YERdth ESE S e
T 7IELR o)A 24%, 2FeA 19%, 1 B2 2AVES 531 WEF Y] =y v A v
e 6%, Sfeledara 50%2] Bles A8 2 H] A oA 10% A& Alue]ee] 247

=

7t F A7k viERRS 14,264 H E COeE e
Wk 20500l B e 245k 5,585 A B v|Eo
2 ERRA 1%, IP5A 1%, J5A54a 82%
HleS 28R Ay, 247k WS 12,862

A E COxeZ YEGTHTable 6).

3!

Lo

T T 2 wEFS 71E oY
ARG A SRS A7k RS ulEste] S

2 A7t w9E AgHon w2
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(a) National Greenhouse Gas Emissions in Korea (2023)

5(2030)

2(2020)

Energy Reduction
Contribution Rate (%)

2024 2026 2028

2030

2032

2034

9(2050)

2036 2038 2040 2042

2044

2046 2048 2050

Target years

(b) Hydrogen Greenhouse Gas Target Emissions — 2030 (Revised NDC)

401(2030)

40 162(2020)
200 —
100
0
2020

Energy Reduction
Contribution Rate (%)
w

2022 2024 2026 2028

2030

2032

2034 2036

Target years

2038 2040 2042 2044 2046 2048 2050

(c) Hydrogen Greenhouse Gas Target Emissions — 2050 (Scenario B)

700
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500
400
300
200
100
o
2020

151(2020)

Energy Reduction
Contribution Rate (%)

2022 2024 2026 2028

2030

2032

Fig. 3. Energy reduction contribution rate
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Table 7. GHG reduction contribution based on hydrogen use for 10% urban energy substitution
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10% Converted | GHG Emissions Required GHG Emissions GHG GHG
Tarcet Energy Use in Before Hydrogen for After Reduction | Reduction
Category efr Energy-Intensiv | Conversion 10% Conversion Amount Contributi
4 e Industries (Unit: tCOse) Conversion (Unit: tCOze) | (Unit: tCO,e) | on Rate
(Unit: toe) (e) (Unit: ton Hy) ® (e) - (O (Unit: %)
(a) National 2020 10,434,500 37,491,600 3,081,065 23,901,358 13,590,242 2
Greenh G
COMIOUSE VA 10030 | 13.478,199 | 47985374 | 3,979,798 14264029 | 35316428 5
Emissions in Korea
(2023) 2050 18,914,583 66,111,626 5,585,035 12,862,647 56,904,825 9
(b) Hydrogen | 2020 | 10,434,500 37,491,600 3,081,065 23,901,358 13,590,242 162
Greenhouse Gas
Target Emissions — | 2030 13,478,199 47,985,374 3,979,798 14,264,029 35,316,428 401
2030 (Revised
NDC)* 2050 18,914,583 66,111,626 5,585,035 12,862,647 56,904,825 634
() Hydrogen | 7020 | 10,434,500 37,491,600 3,081,065 23,901,358 13,590,242 151
Greenhouse Gas
Target Emissions —| 2030 13,478,199 47,985,374 3,979,798 14,264,029 35,316,428 375
2050 —
Scenario B*2® | 2050 18,914,583 66,111,626 5,585,035 12,862,647 56,904,825 592
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