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A review on occurrence, mechanism and distribution of natural hydrogen
as a promising energy source
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ABSTRACT: Natural hydrogen has recently emerged as a promising energy source due to its environment-friendly
and highly efficient potential as a fuel, attracting interest from various countries including Australia, Brazil, USA
and many European countries for research and investigation. This paper aims to provide a deep exploration of the
occurrence mechanism and distribution of natural hydrogen, including its underground existence, geological
factors regulating underground distribution, geochemical processes, and mantle origin. To achieve this, we have
synthesized research findings on natural hydrogen from high-quality research papers indexed in the international
scholarly database, Web of Science. Through this process, our goal is to enhance our understanding of natural
hydrogen as a viable energy option for addressing current electrical, geological, and climatic challenges and for
a sustainable future.

Key words: natural hydrogen, geological condition, mantle origin, alternative energy, climate change, sustainable
development

LAME Song and Park, 2022). 2A7}A Hl&S
T stz <lgh
A%7Ps e Agkd: oUA) njH2e] AL HF

g £o|aL 7]
BAE S2slor sk Beyor
Qlal 2+ Z1stH oA HAH o2 A 713t of

She Z15siol thet thg et A 8-S 919 11 Al
AA Q1 A AL tHLee, 2021; Lefeuvre et al., 2021;
Nielsen, 2021; Wang et al., 2021; Lee et al., 2022,

A oUR) 22 AsHe Ao] dist B4lo] o
o 2T 9 | 5% A x(natural hydro-
gen)7} AANUREZA §4 S B E BASL QT

*Corresponding author: +82-33-250-8551, E-mail: hydrolee@kangwon.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.14770/jgsk.2023.034&domain=https://jgsk.or.kr/&uri_scheme=http:&cm_version=v1.5

514 ZfA[s] - 0|21
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Fig. 1. Number of the papers regarding natural hydrogen, which were searched using co-occurrence of the terms
‘natural hydrogen’ and ‘geology’ in all fields of the papers in the Web of Science collection (total=1,024, period=1993

to 2023).
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Fig. 2. Co-occurrence of key words of the papers regarding natural hydrogen, which were searched using co-occur-
rence of the terms ‘natural hydrogen’ and ‘geology’ in all fields of the papers in the Web of Science collection
(total=1,024, period=1993 to 2023).
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Fig. 3. Co-authorship of the papers regarding natural hydrogen, which were searched using co-occurrence of the
terms ‘natural hydrogen’ and ‘geology’ in all fields of the papers in the Web of Science collection (total=1,024,

period=1993 to 2023). Only top 15 countries are shown.
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Fig. 4. Main sources or mechanisms of natural hydrogen generation. Modified from Wang et al. (2023).
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E 4= 9I== it (Hao ef al., 2020; Lodhia and Clark,
2022). ZH(rap)ols BEYo] 247 FRA &
Aol 7 F4E Ao E4YEE B UE
Y 2 724 So] Tk 4 Yok B,
w8 B= B ©8 22 /A4 R EA=
A 520 o)F W B FRT AL Bt

_\|l_‘
rﬁgmﬁg

(Lefeuvre et al., 2021). o]t A2 =4
& $A7 A3kE St o5 4+ Ut B
Agsel FRA AREE BHT 5 Uk E
Se Ao AT AEAT TR S
B30} o] 52 AoJFHtHDonzé e al., 2020).

B A3k BAeIN Lol Apsket WL
A ko] A4, BE W R FL )
Qr] B-ghH ABaHe, AESEE X ol
B BEI 2L HAL BUER S48 4T 4
AHGaucher, 2020). A|7-8}8} JE-g-3} 424 A/ o]l
% 28S olfshe A2 A A AFSE A
Hoh=t] BFolnth ofd A9 23 il
3 FAz A o] Aol I vE 4
ok o A, @3 EBe 3 B g2 723
L i AT FH o =gl He 23S T
= 5 It Vacquand et al., 2018; Hao ef al., 2020).
= 97 AL A30) A7} FRE G o
K3} mzzol QIR w12 4= glom] el B8, &
A Qe o) EL 2ok 4E 4L T 4o
AP AA A 4A0) WA 9 Bao]
& 012 % 9k Al e Sav} BT 54
o 448 FANIL A5 AR G4 FFL
F0] oz Aok S 94 WA Alolo] 4 W
& B9 A Sa0) ATk AT LAl
G2 u|A 4= 9UKFrery et al., 2021). A $=4
o QAskA] Aoi% olsfshe AL WA THsE A
o AT 44 24 P54 S BASHET oh
835

>.
>.
1o
ofd

3.3.3 A A H &

i PSS A (seepage) 2 A& HiESS S
TS 4= glon o] Bl tf7] e W 2A &
Ao i 7kAE WESH "t ol2Et e
ChFRE A A HA] I i A F ol A B 4 vt
(McMabhon et al., 2023). A} 471 2 UYo=
F& A} AT o4 ZEATF AAA LAY A whA
Wt A #He] =gshs Aol o|23h A1
2= X2 AREAL AE AY B vE B0
W2 A HS Z3E heet X AsHA S of| A A
g 4= QJth(Vacquand et al., 2018). 324 7}A9] =
2 55 715 0l5 ARS ATHE U5 2D E

23 oA H A7} Blo] QJtkHao ef al., 2020).
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FHH £ A EsHE e oA o AHE E A
E S ol 7k WEe S o ik
e TTURE S A A BT
Sl Hajeh 22 AATHH g Bl 40t
A AAFE TtH(Marriott et al., 2015). 33k4=4 b
SE2 TR HAY =4S 7 5 qlok )
S W E A7 e AT 240 w2t g
2 4= et ofd Bfole o 7T E5
ZIX AR 7kA 2R Q1% 7| 2E B4t AEol
U F33 kA S AT o Aok ol T
& B2, 7 EE ook AdolN B 4 glod]
(Chavagnac et al., 2013), T3t =4 7fAE AE9)
Ay sfele] wish} A Ee] galnae] Exjof e
E9F o]AS o}7|8 4= QitH(Lefeuvre et al., 2021;
Moretti et al., 2022).

Sk B Favt R AR} AN B
71502 AvEE slof BAIAE BT 5 9o
B A 4 PR B BET, A7hE AR Bl
A% s e Adstd =43 Belo] ot
(Smith et al., 2005; Vacquand et al., 2018). ©] &
S5 O E AA G viEY @A 4 7tAE Y
Z5to] Al sl AeiA o) SFeha] A} At 7]
= Stk 2UEE 9 A7 [e2 A gES A
Heln Frpst=d F83 98-S 3k 8% AL
7k BEY 2 B4, 94 AR Vs 4 59 94
A R R ol AR 4= ik o]
g 71ES Bl AT G A, A viE Y AT
39 A2 2 YF B7Ht 7Hsstt

o

o)

3.4 244 20| SO} ERA}

341 A8 &2

A AR AA $a FAre| HI= xAe
A 9 L2224 Ao 9] GRS Hhof 2| 9A el |
AE UEPATHNivin, 2019). o]t 2] &3H] A|of
= AIAIY oA X Hof| A A 4 FAE A, &,
1831 EAE ARk, A= A Y(hotspot)©]
2 E8e 58 AYoA § 52 5= o g2
A 4 wiARS B oIt (Hao ef al., 2020; Zgonnik,
2020). o3t e ¥ EF AATH 24
9 23 S Tl Qlth A& S0 f71E0]
TR o] oA fEgt 28 270 Q=

B a7t BRE §A0] AT BES EXI5}]

| &, 7212t 2 20f| Chst 02 521

L2 2 4 FAro] EAEI T Larin ef al., 2015;
Zgonnik et al., 2015; Suzuki et al., 2017; Mahlstedt
et al., 2022). WA Zqt, B3, 7lA 0] sje} Zo] 3
9Na B2 BA7F G NG P AR SR
Ao 2 A IthMahlstedt ef al., 2022).

% uj1nj7} ARsate] A2 sjekxzio] YA
£ FsiEolt shute] xjzigto] The X7 o
2 ok Atk A 549 BE) Al
=& x]Fo|ti Arrouvel and Prinzhofer, 2021; Pasquet
et al., 2021; Combaudon et al., 2022; Moretti et al.,
2022). SefE Y SIS Z33t o] 9= 4
g A7t &, Gt &5, 283 fA7F SRS
S7 o= SH|ol). o] Fra BEo) 4ot
MY B Tl A S FA WEE Sa FR
FrAl2 FAoll 71o4%tTh A8 A HH SHit A A
opmk A|AgE 2]t X2 Afolo] A% Agos
Y3 FF =2 5= A 25 B opols
=, AL FEREY B2 S Aot ol
oMt B F3H0] e A9e a7 FEE
FAIL 27t o= AR dBA i Combaudon
etal., 2022).

A7) BEERAY e A9 o= FH gt
23 e oA Blofu= A H 4 o] FEE Hole
A 44 AYo] 12 4= Ith(Deville and Prinzhofer,
2016; Lefeuvre et al., 2021; Geymond et al., 2022).
olefgt oA WARE A A0l AW R P
2] o) G B 4 ek TREL VI,
29 4 EE Sav} TR GA)9) wET} 57
& AN BT G RS SEG AU
42 7k Aol AT 4 UrkMurray e
al., 2020; Boreham et al., 2021b; Truche et al., 2021;
Geymond et al., 2022). E3] #5490 594 EA
2 A 0] AT o gl ARPA Y TS gt
ok AR e #E0] e YA A U 3
A A4S a2 54 9 A4 ool FEE A
FaE Algste @ AA, 48 79 E= AE
7h E2 A 9E TR 124 20E A 49
o] et 92 mZ-th(Welhan and Craig,
1979; Charlou et al., 2002; Marcaillou et al., 2011).

342 AR 24 e
T A Sa WAL AR AL o
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7} FRF fA0 £4), LE D EHS B §)
3 thekst 7140 x3to] Fasith o]yl 7|&e
A|2ketA W at Z]q-Ee kA iRt oyt
LF A 7|&& 25 EZ33IK Prinzhofer et al.,
2019; Moretti et al., 2022; Kremer et al., 2023). o}
714 A o] tisf dRbA o = ARGE = HA
713 2ARE AT HIT

AFatetAQl o m= AR WE, M B
BN B} 7k ARE SRS B
o] A9t 1 YA ol i AST HEE
U5 om Fha, AFract T Sb FIY
25 St vt SR 1Y 7199 2EE
A1HsE 4= Q)T (Suda et al., 2014; Feldbusch et al.,
2018; Hao et al., 2020). E3+ EoF 714 Al EFH LS
S5 716 ANESE] RStol|l A 7k WES st
£ AL T E 20 7hA A R, He, Hy,
CHa, N3, Oy, HS, CO, 3)= A A8t =4
ARE B 12 792 Ushie 44 527t
2 Aog sl f £go] ¥ 4 IrkZgonnik
et al., 2015; Prinzhofer et al., 2019; Hao et al., 2020;
Lefeuvre et al., 2021; Frery et al., 2022; Mainson
et al., 2022). Bh4:9] O H9j94 BAL 2ol Sk
oF WE 719, sk A rapekd wof digt 52
AL Agatn 540 T2 Yo EE B Aol
FE21Q FH¥4 Bl vlwshd i A4 | o]
S pele 29 IS Sk o) Ego) Hrt

S AFEEA HH F 8 AR A B
off Wk W3S A|=3tsl7| 3f A F=E2
MSHE 2 avt FRE FAE A5t 4
o WEo] G uA 3 ol 2T 4 itk
FY A B 2 ARY BE o)F A2
£ A%ste ol =&°] 8 4= Utk(Boreham er al.,
2021a). T A}7] ZAR= X ®H ol <] obA} 2o
ol3fl of7]& A+ 27 1732] W3S AR Garcia-
Senz et al., 2021). AFAA 1} -2 471 EHSE S
Aot BAE 54 FES A] o2 AT 3
of. IHEE 2] ZARS AAH S4 T BE

= A7 e A9s Aldshs b =30l 2
4= St} g gab= Alojd ofvx]dat =417]
S Mgt Aot F2E AFANIEE o|w| A& AR
o} oled ZARE Sdvt FRG AAE THT 5

U 7D, TF U ARG TR AEE 6 B

o] ek, T S} WA} HlolEE X3t S AR
ore] gol, 7|s¥era & L wslel et PR E A
34 ek

oleigt A 7|47 2 £F A 549 A
=l of) £xol gk B ofaE A7 I3
WA A ATk, AT Beld W A4 g
A o) dlol 8 FUsH F71 BAl W AHe
712 Slat A el APEE 4 ik BB 71
B AFA%5 B Yole Bl /&) wae 4
A 4k T AT RS ASH 02 A

7131 ek
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Y

=2 0
= =

ok
ol

o

£ ERAE A2 75l 3T 5 g
HANUA AUOR P BOT g A7 R
o 2l Sl thsto] Qorgieh. e bt @
£ FYHe|n A% st Ul A SHS AT
uh o] $3A 02 AT A x| dol & 4
AUk, KI5} Sk AFHE A BA, 95, 74 &
A, 59 2 WA 9L X vk A Qs &
Aol ARt AFF 7Iske}, TRAYLA B
7, S A 2A% 22 A Aoj A
A o] WA B 2 A GTL Bk 4
5 AAEA §E2 FU L PR A 24T
Ao Bt 8 Ao] E A ES AT SHa
vighdd FE POt 2 ARt 2 gt
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93] AHe-E 4= ik 7 Ak olux Aoz
e oux U, thed W AR A 714 W o
e AHY Holl ] AH ST 2 oHE
AR T S4E UAeE A&HoR
ZE57] SAE Tk FYA, e X
9. 22 5 T4 17t Bash E v
RN A 40 FHNT AL AHE 32
WA 7, 0 B L 718 AN e
T 714 L AAge] BEHoltt.

ol BRI FF AT YFS the Zo] F
AL E S Uk 1) AR AT 793 2GS Aol
2 ZRste] LA BE AR 2 ALS B
sha BBk 2, 2) 49 S WYL Rt
s Selstn FASHE WA 71e L 2Ah Tl
o] G4, 3) Al 44 Hole] AT e 7448t}
dEELE RS EEEREXE R

A gt AR AU A L0 2N AT 7
$AS 7R3 glon], RS A 235
AL A5 7R oA el 7lofat7] 91
A 371 A7, 714 WA @ A4 TR e Aol
Pasieh 2 ey =5 e a0 WA, B
712 L REE AETOBH A4 7Fse oA
oA 9] A it 754 BolFeie. 53
Aok BT WA A 0] GH AR
A (Y5 L AT B5E BHL olshsk
Ae BEHY 22 U BEE 949 he Fash
E3k o] o] F vl AE SIa A 54
A HHeE E9I5H A7t 51712 7o,
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o] Hahe HR(TT|SHREAR) O] AP
FRATANCre] 2] 2L ol 5385 AT (No. NRE-
2021R1F1A1064027). T3t E =72 2022d% &
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