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Abstract: In order to compare the environmental impact and carbon footprint of gray hydrogen, blue hydrogen and

green hydrogen, the inventories were obtained through literature research, Some inventories that are not available in

China are obtained through foreign inventories combined with localized power conversion. The localized end-point



destructive life cycle impact assessment method was used to calculate the environmental impact potential of the raw
material acquisition, transportation and hydrogen production stages of five hydrogen products. The carbon footprint
was calculated, the sensitivity analysis and uncertainty analysis were carried out, and compared with the ReCiPe
method. The results show that: O Environmental impact, from large to small : grey hydrogen ( coal ) (1203 mPt kg
1) > blue hydrogen ( coal ) (876 mPt kg ) > grey hydrogen ( gas ) (492 mPt kg ) > green hydrogen ( 323 mPt kg
1) > blue hydrogen ( gas ) ( 252 mPt kg ) ; the environmental impacts of gray hydrogen and blue hydrogen are
mainly concentrated in climate change, fine particulate matter formation, and fossil fuels. The environmental impacts
of green hydrogen are mainly concentrated in climate change, fine particulate matter formation, fossil fuels, and
mineral resources. @ Carbon footprint, from large to small is: grey hydrogen ( coal ) ( 23.79 kg kg , measured by
CO2eq, the same below ) > blue hydrogen ( coal ) (11.07 kg kg ) > grey hydrogen ( gas ) ( 10.97 kg kg ) > blue
hydrogen (gas ) (3.47 kg kg ) > green hydrogen ( 1.97 kg kg* ). Direct carbon emissions in the production process
of gray hydrogen and blue hydrogen account for the largest proportion, while green hydrogen accounts for a large
proportion of power input. 3 Measures to reduce environmental impact and carbon emissions include reducing
direct emissions of pollutants and greenhouse gases, reducing power consumption, and strengthening raw material
substitution and reduction.
Key words: hydrogen; life cycle assessment; environmental impact; carbon footprint; sensitivity analysis
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Fig. 1 Schematic diagram of the system boundary for each hydrogen product
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Table 1 Inventory data and background data sources for each hydrogen product
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Table 2 Coal transportation and energy intensity
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Table 3 Hydrogen product environmental impact assessment model and related parameters
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Fig. 2 Environmental impact assessment results by hydrogen energy product category
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Fig. 3 Evaluation results of environmental impact of cach hydrogen product
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Fig. 4 Percentage of environmental impact of production factors for each hydrogen product

A1 kg SR Al A AR e R R HERCI L 5 R, BN BEIRIRUGR AL A
(50« KA (RO A B RRE B . 48 197, 3.47. 1097, 11.07 Al
23.79kg (LA COzeqil) . FTLAE H, SRAUMIRR L0 & 2 % T HoAh ZURE ™ .

TR B Mok m, EER AW AR (87%) , XRFANESLE RS
H ) CO A2l ™ A4E Ha I 237 A KB ) CO2 KA (1) HEERIELE (87%) HkHmth &
PR, EER T R IR AL SRR (O S I AR 2577 4 COp, (] CCS 4
AR SR SO R P AR A B T B . SR N (61%) R AR I B I R
K, FESE T HR AL ARk B RO R A AE ] & i AR rh FR VAR R B ), TR A
LR, SO R RS B . 7R 1 kg SAREPS B HEECR IR IR 4 B
N, REFIEE AR A i 24N, 2R i N A SR B 2 B
4.

10



[ 5 5 MR SRR T
Fig. 5 Comparison of carbon emissions of 5 hydrogen products
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Table 4 Sources of carbon emissions for each hydrogen product (CO,eq) /kg
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Table 5 Sensitivity analysis of environmental impact potential/%

11



TR KA D KA O WE B WE (7O A

B EH 6.83 48,64 4290 +4.89 )

HFE 42.83 +0.45 +46.63 4313 4532

1) RN AR BB, CUS 474 5
[FIAE I3 LR HE S F AR U IR 7, Sl RE 7™ i 2R 7 S RE AR AL I AT U 7
. 4 RaER 6 Fiaw, AEFe I R i EESHERO A S 4 A i A B O B R,
HUREXT RS R 2 i A SRR HE TS B UK
% 6 BBIHBIESH/%

Table 6 Sensitivity analysis of carbon footprint/%
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Table 7 Uncertainty analysis results/%
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R R 9.33 8.70 8.78 6.82 747

T HER 9.85 9.74 8.65 7.10 752

2.5 5 ReCiPe H¥EXTEL
BAREP T E P A AL 2 S R EBIENMAR AL 5 ReCiPe FAY 145 BxF L in & 6 . i

FAA A 25 i 457 T SR PP B 7R 45 H O IR B S ATE (B4 B ReCiPe BREAY Ry, AR (B K

A O LA D LR O MEESAE 121%. 133%. 123%. 153%A01 232%,
5 PRI A R ZE R UK. S IR, AR R ) ReCiPe BEAY PRI 45 S350 N A4
ERERT & LBl R, EE IR 90%,  ANHiAb 24 s 5 T S PPN IR AT g A\ A A BT o LA
R, H AR TR A LIRS L BT A, AEVF 7 as R REOR, ANIE E K
X P HL I T 3 BRURRIE AR ACEANE], AR Al 26 451 35 28 PPN S AL P v [ 52
Brfdon, RIARDES T H AR B e S B S BR A e, S Il R ] 5.

E 6 ESaEMmAMNTTES ReCiPe AN EERXTEL
Fig.6 Comparison of evaluation results between localization method and ReCiPe method for each hydrogen product
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