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Received 7 February, 2024 . . . .

Revised 15 March, 2024 we evaluated reductions in global warming potential and assessed the carbon

Accepted 19 April, 2024 neutrality contribution of the domestic hydrogen sector. Transitioning from

brown or grey hydrogen to blue or green hydrogen can significantly reduce emis-
sions, potentially lowering CO, equivalent levels by 2030 and 2050. These re-
search findings underscore the effectiveness of clean hydrogen as an energy
management strategy and offer valuable insights for technology development.
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Table 2. Emissions metrics for selected species (Global warming potential [GWP])

Species Lifetime (years) Radiative efficiency (W m’ ppbﬁl) GWP-100
CO; Multiple 133+£0.16 x10° 1.000
CHs-fossil 11.8+1.8 57+14x10" 29.8+ 11
CHs-non fossil 11.8+1.8 57+14x10" 27.0+11
N0 109 + 10 28+1.1x10° 273 £ 130
HFC-32 54=+1.1 1.1+£02x10" 771 £292
HFC-134a 14.0+2.8 1.67+0.32 x10"" 1,526 + 577
CFC-11 52.0+£10.4 2.91+0.65 %10 6,226 +2,297
PFC-14 50,000 9.89+0.19 x10 7,380 + 2,430
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Fig. 2. Hydrogen production processes by sector. (A) Brown H. (B) Grey Hz, (C) Blue Hz. and (D) green H>
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Table 4. Hydrogen GWP calculation LCI DB list

=
E3E HojEE Rlshe IAClA vV B H Items Ecoinvent DB (ver. 3.9.1)
(non-elementary flow) .2 4=%|% ©|o]El&= Ecoinvent category
DB ver. 39,12 2Hg3o] 7|8 52 elementary flow) Hard coal Hard coal, AU
Water Water, ultrapure, GLO
— tﬁ_@_}‘é}ﬁq— = Cﬂ:FLOﬂH xRl H]O]E-] HﬂO]_/_\__Q] Brown Steam Steam, in chemical industry, GLO
%) H= Table 40] Yepf St Light fuel oil Light fuel oil, CH
Electricity | Electricity, medium voltage, KR
3 7E=’J__|_|- al J_l_g‘ Natural gas | Natural gas, high pressure, GLO
Water Water, ultrapure, GLO
3.1 A MAL ZXo| 2AI7IA HIESZE AN ZT} Orey Steam Steam, in chemical industry, GLO
Electricity | Electricity, medium voltage, KR
2o mAo|A Ul 3k RS MeFm o Natural gas | Natural gas, high pressure, GLO
- - o - - Blue Water Water, ultrapure, GLO
B7Kel7] §istef BF 3.1 Ho}lﬂz f _O]%O]—O% =4 i]— Electricity | Electricity, medium voltage, KR
95\]:]— EF 3. 1—4 &8 9T b‘g—‘—: & 167]‘;(]; L]‘H Water Water, ultrapure, GLO
oA et 1% 27k W& algshe 71F Green Electrolyte | Electrolyte, KOH, LiOH additive,
WH3l(climate change) 215 E A9 7|&g4e = (KOH, LiOH) GLO
Table 3. Hydrogen data list
Category Consumption Comments/Source

- Hard coal: 10.42 (kg)

- Water: 4.49 (kg)
Brown H, - Steam: 4.24 (kg)

- Light fuel oil: 0.23 (kg)
- Electricity: 24.2 (MJ)

+ Shell coal Hs production (excluding oxygen, nitrogen)

- Natural gas: 5 (m3)

- Water: 38.7 (kg)

- Steam: 9.5 (kg)

- Electricity: 1.08 (MJ)

Grey H,

- Steam methane reforming (SMR) H» production (excluding

plant construction)

- Natural gas: 5.3 (m3)
Blue H, - Water: 4.7 (kg)
- Electricity: 0.18 (MJ)

+ SMR+CCS (90%) H» production (excluding steam)

- Water: 8.9 (kg)

Green Hy . Electrolyte, KOH, LiOH: 0.0037 (kg) - Alkaline electrolysis cell (AEC) Ha production
> et AN XS] =Y H3BHH HM23 20244 48
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Table 6. 2030 and 2050 clean hydrogen production target sce-
nario

Scenario 2030 2050 (Scenario B)

Blue hydrogen
production target

750,000 ton 2,000,000 ton

Green hydrogen

244 3,000,000 ton©2 A%Eo] GITHTable 6). productiontarget | oo O | 3000.000tn
Table 5. Hydrogen GWP calculation
H; Category Items Material rate of Hy (%) Climate change rate (kg CO2e)
Hard coal 67.2 1.40
Water 1.52 0.20
Brown Steam 533 1.33 7.83
Light fuel oil 1.79 0.21
Electricity 242 4.69
Natural gas 47.9 2.61
Grey Water 26.1 1.72 751
Steam 23.8 2.97
Electricity 2.61 0.21
Natural gas 93.5 2.76
Blue Water 5.85 0.21 3.01
Electricity 0.66 0.03
Green Water 97.8 0.40 .
Electrolyte (KOH, LiOH) 2.18 0.01
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Table 8. 2030 and 2050 greenhouse gas emission target

oF @.1;](202315 34 7] ). 2050112 Aot} Boro &2 Scenario 2030 2050 (Scenario B)
o] Bxz]E ARSI} Carbon neutral
el FEAIS A . emissions target | 8,400,000 ton 9,000,000 ton
= = ==
A2 3 I AW T 5 A wiEE [part of hydrogen]
Table 7. 2030 and 2050 hydrogen GWP value
Category Year H, Value (ton) Total value (ton)
Blue 750,000
2030 1,000,000
Hydrogen production Green 250,000
target Blue 2,000,000
2050 5,000,000
Green 3,000,000
Year Hy Value (ton CO,e)
Brown 7,830,000
Grey 7,510,000
2030
Blue 3,010,000
Green 410,000
Brown 39,150,000
2050 Grey 37,550,000
® Blue 15,050,000
Green 2,050,000
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ton} 718424 YA E3FEF0] 3,000,000 tono] &A1
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& 533 giH] 66.9%, 1H5AE 13.5%S A8}
Tk o= 20501 A7 AAE EH3ERF 5,000,000 ton
S 7|E0 R 20509 247 HE i ETFO] 80.4%
o sigohz A& EelskthFig. 3).
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FolAE LCA 7]S B83te] Sl 7]
we] 240l HHLsT gAHS o) e &

Bl
TAE A|QT Hake, o], B34 34 b A] 5,870,243 ton COse, 2050 9]+ 15,653,982 ton
ok SAZEA HiETo] 2050 2AVEA B3t HjEE COe AfEE Zle RISH: Iieaz A A
& 37 2Pk AL Bt o) i Ax
o] Jpa AL B3| Aol7} Q1] wolck
LAVIA BEF vjEHS VF0 R dY dre & I;l:l: 10. 2030 and 2050 hydrogen production target GWP
et Ao YA SRFS des 2efe Production target Value
of ATk AHETHTable 10). 203019 A Yo | e (ton) (ton COz¢)
LAVIA B &Y 7[R0 R g dre EF 5030 Blue 750,000 2,256,574
Sa A BgEke] 750,000 tonyt 13 424 AYAE Green 250,000 101,460
EgaFel 250,000 tone] LAVEA H|ESFS AL} 2050 Blue 2,000,000 6,017,530
APy, 7 A} BEEsl wiE 2313 ] 26.9%, Green 3,000,000 1,217,525
Table 9. 2030 and 2050 GHG emission target evaluation (Hz part)
H, 2030 GWP (ton COze) Evaluation amount (%) 2050 GWP (ton COze) Evaluation amount (%)
Brown 7,830,000 93.2 (-6.79) 39,150,000 435.0 (+335.0)
Grey 7,510,000 89.4 (-10.60) 37,550,000 417.2 (+317.2)
Blue 3,010,000 35.8 (-64.17) 15,050,000 167.2 (+67.2)
Green 410,000 4.9 (-95.12) 2,050,000 22.8(-77.2)
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