$54% B3 A R 2 2 4R Vol. 54 No. 3
2025 4F 5 H Journal of China University of Mining & Technology May 2025

O R O T 5 R A SR 5 = IR R CO,
FEACH AR () 0k J L Pk A8 S iy e

EYH T FRERER, 2
(. P E K LR AL IR = SRS 5 SRR A S0 B0 = L VLR IR 22100852, i EGT L KA
fiie ORISR BE  LLIR AR 22100853, i EA ML KA AL TAEBE TLIR #RM 2211165
4. ETOE K RS MERE R TIIN BRH 221116)

HE. AR BRENT AR FHEE CO, HALAKRBEZR L ME, KA 21 AR
AT @GR RIERZ —. FRRFLE CO, BMHE R ALK LR LG, M b A KFF A A
AERCO, W FREBEARABEABERAEZFRZFRIMELRE ALH)HT ST E AN &3
ARAe CO, MAZLZRBRGFRER HERETFX. A PREAZAHEL A4 TR CO, HARLT
B FRAR R WAL A2 @l A & R A IE Al I B A S ML RH T H
feit A2, At A THEL/ B BKMEA, TAIRRAA . SAE REHZHHAE CO, m A4
BN FERBARARAERAANETE. A AHNEEHES CO, ERFEZ S HHE ML BRET —
SR MY BB IR AR. TR B R KB T B S A R A ERGE A AL
ERCO, ARFTR.FEFALFHCCU LK) B ot A% R AN ER TR LR F HIELF R,
GRARERBEBZFPRELFEIKENAA . B LT HELANELE 54, ™ LT RE 5 MK
FAL AR R (K- Ak . KFafE . Tk AR E), I CO, #ib R G E Km kK L5 A,
AXFRTEFRADRGZEL"ZLR CO, Hl M AT R ST T R, LR L W,
Rk AKREFRLABNAAEES CO, RO Z HBE =Pk FEZRNTET Ha R 8%
ROXERAE. AR EAN  ARARERBRAZTHAERED R REE“BEH"E5"LH"F
B AEBED R MBS BARG L, THRALE T T RS RGEHFAEA CO, &R
SRR A AT R, B B E BB R K BCEZ AR BN A R E F AR CO,, R
MATR LR RAERLE CO, MM, AR AAFHER. M BZRRAEARZZ2FHE.LE
T ACTAT M, H it R Ry R Ao R R RAEHT 09 ik 5 K L 4.

KEE HAREK;CO, BRF G W AT o AR LS BB R & 8 JE 3R
FESES: TD 98;TK 6 XHEFRERG: A XEHS:1000-1964(2025)03-0680-18

Progress, challenges, and prospects of hydrogen production
technologies and CO, reduction and utilization with "green

hydrogen" under the "carbon neutrality" strategy

KRB 2024 -12-02 fEE BH: 2025 -03-09 DOI:10. 13247/j. enki. jeumt. 20240568

EETH: P oemBEARIL 5 %% T % 4 (2023QN1069)

BEEE: ZRWA967—), B WAt H LA 22 WA R0, T2 4 AT CO, 35T 377 Al 8 BU A 5T 5 9 & ik v R b
T AR G5 D5 T R DT

E-mail: shxsang@ cumt. edu. cn Tel: 0516-83592826

SRR EUUE AT BRAER &L Bk A RS T R T R AR 5 g A B CO, R AR B AR A i PR i s ()] b
Bl K223, 2025,54(3) :680-697.
HUA Kaimin, JI Xuanyu, CHEN Zhiqgiang, et al. Progress, challenges, and prospects of hydrogen production technologies
and CO, reduction and utilization with "green hydrogen" under the "carbon neutrality" strategy[J]. Journal of China Uni-
versity of Mining & Technology,2025,54(3) :680-697.



5% 3 3 EURE BRI I SR R R A BOR 5 A IR R CO, e AR B AR 0 35 R L 4k A% T 681

HUA Kaimin'?, JI Xuanyu’, CHEN Zhigiang®, SANG Shuxun'*"

(1. Jiangsu Key Laboratory of Coal-based Greenhouse Gas Control and Utilization, China University of Mining and
Technology, Xuzhou, Jiangsu 221008, China; 2. Carbon Neutrality Institute, China University of Mining and
Technology, Xuzhou, Jiangsu 221008, China; 3. School of Chemical Engineering and Technology, China University
of Mining and Technology, Xuzhou, Jiangsu 221116, China; 4. School of Mineral Resources and Geociences,
China University of Mining and Technology, Xuzhou, Jiangsu 221116, China)

Abstract: The over-reliance of humanity on fossil fuels has resulted in excessive CO, emis-
sions, exacerbating the global greenhouse effect and presenting one of the most critical challen-
ges of the 21st century. The development of renewable energy and the reduction of CO, emis-
sions have become a global imperative. Among various strategies, hydrogen production tech-
nologies and the utilization of hydrogen to convert CO, into valuable chemicals have garnered
significant attention due to their potential for carbon negativity and economic benefits. This ar-
ticle provides a comprehensive analysis of the current research progress, challenges, and future
prospects of hydrogen production technologies and CO, hydrogenation reduction techniques,
both domestically and internationally. Notably, China has achieved a leading position in green
hydrogen production and CO, reduction technologies. However, several challenges remain, in-
cluding high costs, low conversion rates, safety concerns related to hydrogen storage and
transportation, and the complexity of catalytic systems, all of which hinder the commercializa-
tion process. Consequently, there is a critical requirement to develop a novel CO, hydrogena-
tion technology system that is cost-effective, highly efficient, and eliminates the need for hy-
drogen storage and transportation, as opposed to traditional methods such as photo/electroly-
sis of water for green hydrogen production. The integration of biomass-based green hydrogen
production with CO, reduction to synthesize various fine chemicals offers a unique carbon cycle
pathway. This technology leverages green hydrogen generated from biomass dehydrogenation
through electrocatalytic, photocatalytic, and hydrothermal catalytic processes to directly re-
duce CO, into chemicals such as formic acid and methanol (classified under CCU). Simultane-
ously, it oxidizes biomass into high-valued chemicals like acetic acid and lactic acid. This ap-
proach only requires maintaining low-pressure hydrogen within the reactor, thereby avoiding
the complexities associated with high-pressure hydrogen compression, storage, and transporta-
tion. Moreover, it is compatible with various low-grade energy sources (e. g. , off-peak elec-
tricity, solar energy, industrial waste heat) to achieve a highly efficient, low-cost, and pollu-
tion-free CO, conversion process. This article reviews recent advancements in the reduction of
CO, to high-valued chemicals using biomass-derived green hydrogen., encompassing reaction
systems, mechanisms, and product selectivity in the dehydrogenation and oxidation coupling of
CO, reduction with sugars, algae, glycerol, alcohols, and lignin. It also discusses the key fac-
tors influencing reaction performance. Research indicates that hydrogen energy will play a piv-
otal role in ensuring the "replacement" and "dominance" of national energy strategies within
future energy systems. Drawing inspiration from natural processes to accelerate the Earth’s
carbon cycle, the use of renewable biomass as a hydrogen donor for CO, reduction holds signif-
icant promise. The efficient and rapid conversion of biomass waste and CO, through electrocat-
alytic, photocatalytic, and hydrothermal methods not only addresses the fundamental issues of
energy depletion and CO, emissions but also contributes to the realization of dual-carbon goals.
This technology offers substantial economic benefits and industrial feasibility, providing new
theoretical and technical support for advancing the application and development of negative car-

bon technologies.
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Table 1 The industrialization process of different hydrogen production technologies, key advances and challenges
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Table 2 Comparison of economic viability of mainstream hydrogen production technologies
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The advantages and disadvantages of each technology

Fig 2
for the electrocatalytic, photocatalytic, and thermocatalytic
hydrogenation and reduction of CO, to

produce high-value chemicals
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Fig 3 Develop a clean and renewable hydrogen source suitable for industrial application and

couple it with CO, reduction to produce high-value chemicals
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