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Abstract: Hydrogen energy is considered to be the cleanest energy and will play an increasingly important role in the future energy
field. At present, it is only regarded as a secondary energy and does not have the characteristics of large scale and stability. Besides,
most hydrogen energies are produced from fossil energies, which emit a lot of greenhouse gases. Because the environment problems
caused by excessive dependence on fossil energies, it has become much important to study geological hydrogen (known as “white or
native hydrogen”). With the deepening of research, hundreds of white hydrogen discoveries with high content have been reported
worldwide, especially, the discovery in the Lorrain Basin, France. It is estimated that the resource is about ranging 6 million to 250
million tons. White hydrogen has regarded as the key energy to combat the climate crisis. Based on the previous studies, the hydrogen
color spectrum is introduced. Compared with hydrogen produced by other routes, white hydrogen has three natural advantages of zero
carbon, very low production cost and renewable. According to the progress of international exploration for white hydrogen, it is
concluded that the Earth has a complete hydrogen production mechanism. Relevant studies have shown that white hydrogen with high
content is widely distributed in rifts, plate subduction zones, and Precambrian crystalline basement. Both the resource and application

prospects of white hydrogen are broad and the United States and Europe and other countries are stepping up the layout of white

Wi HH#B: 2024-02-13; 21T B #: 2024-05-07

ZRENIR A : v A BT A SR AR R A S AR B AR B 5 ) (G5 DD20230558)

{EZ I R (1992- ), Zo, [, BIFOFSE 01, FITTFE R i ot . SR & A B e e S T 5T T4 . E-mail: wzzdwyyx@163.com

*BEEE KT 5 (1974- ), B, Wi, BRGGR T, NF i BR R SRR 5 H SR A AL RIBE 5T . A ST R S A B A . E-mail:
wanyizhang0810@qq.com


https://doi.org/10.12097/gbc.2024.02.013
mailto:wzzdwyyx@163.com
mailto:wanyizhang0810@qq.com

1396 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2024 4

hydrogen exploration. According to the previous research, China also has the geological conditions for the white hydrogen. However,

compared with other countries, the research work on white hydrogen needs to be improved. Based on this, three suggestions are put

forward for white hydrogen work in China, which are launching white hydrogen investigation pilot projects in Songliao Basin and

Qaidam Basin, strengthening comprehensive research and theoretical technology research and development of white hydrogen and also

building a high—quality white hydrogen talent team.

Key words: clean energy; hydrogen energy; white hydrogen; Songliao Basin; Qaidam Basin; mineral exploration engineering
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Moon et al., 2021; Stangarone, 2021;Trencher et al.,
2021) . AT, HHT 96% 12 Ae /2l i A/ se kil
RS A R E AU, BT TG T AR
TR B B 5 P F A R B A ) A RO IR B
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I8 5 [ b 5 ] A SRy b o o A B, 4 kT REA B0
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Table 1 Comparison of efficiency for hydrogen in different colors

[EEFZN e PN RARY (T8 kg ") AR (kg kg ™) BORLR A
FRE 1.2~2 20 Arcos et al., 2023
A ReIE N L & IR 0.67~1.31 8.5 Arcos et al., 2023
WA 0.99~2.05 1~2.4 Yu et al., 2021
HL AR K il Qi:éj 2287739 0 Yuetal., 2021
bER) 2.18~5.65 0
HER N TR AR I & 1 0 Paddison, 2023
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R AR AR IS K Y RSk D AR A (Hand,
2023a). %Ay 2T BB S B 0 KL AR ML,
PEAETHAAE T A B A SO Ve A4 = A A
K] ik 100~200 t(Worman et al., 2016; Osselin et al.,
2022) ., TEBLAHER PR K . M3 i 8 S g () B
2 G R Mg g DX R PR o] L SR K R E
(FER T ). OWFERS. ZHIINh, HEkA T
Hi BRI A Ay SR 2 T R . =
T AR IZ AR RSNy | BT 20 g
AL S 4 X I8 (Zgonnik, 2020) . Hirp, K2
X2 H S R0 i AR E A X, b SE 3
A% Scott I, @R T EEIL 50%(Goebel et al.,
1983), JEWI7EIZ X 4k X &L T S ik 90% MY A<,
(Guélard et al., 2017), [RIFETEL; T REZEA &R ERyvK
5 T P L XA A AL PRI B 37% B A
(Marty et al., 1991),

3 MR AI R

EERTREA TR BE IR AL B, S REAE N —Fh iy
I A RETR, 552 245 [ A S, E AR R
HIIF R A 52 )45 FE E R



1398 Moy 18 4R GEOLOGICAL BULLETIN OF CHINA 2024 4

B 1 Plate I

(8] % e s

TEEEH

y X\ 3 & A\ N
a. THHRTRIN & ASRAREHIRES, EIRESMEE TN 7.6% ~ 11.3% (Zgonnik, 2020; Nitz, 2023); b. [l & ZET1 /R4 X SR K
A (FAE H Energy.gov.); c. FIEUM LT ik 2530 270 A0 R TE e 4t T2 1 (35 ) (Meessad, 2023); d. KW AL 2 b 1 A
EERIE B [ 12 2 /] (Peacock, 2023); e. FALVE 3% 9 B PG i 2okt — > R 1 Al aka il i) B 7t (Hand, 2023a); £ SEEIJLR 2 k40
WY A B BRI R O 75 1A 18 (Hand, 2023a)
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Table 2 Representative white hydrogen locations of different countries
FER HuAR/Hb A AT % SBR[ (4F) BERRIR
Penneshaw 68.6 1933 Ward, 1933
Coonanna 15.7~16.5 1934 Woolnough, 1934
. Mungyer 17.4 1934 Woolnough, 1934
BRI Robe 254 1934 Woolnough, 1934
Minlaton 84 1934 Woolnough, 1934
Ramsay 1 well 73.3 2023 Collins, 2023
Washtenaw 26 1935 Newcombe, 1935
Hofmann #3 #11£96.3 1987 Moore et al., 1987
Augustine 51.5 2003 Symonds et al., 2003
Heins well %80 2011 Vacquand, 2011
*H Barnes Spring 34~39.2 2013 Morrill et al., 2013
Camp Spring 50.9 2013 Morrill et al., 2013
Scott well 13k 56 1983 Zgonnik, 2020
Sue Duroche2 well #5i%91.8 2017 Guélard et al., 2017
Solikamsk 34.6 1958 Savchenko, 1958
Pechora basin 76~81 1971 Zgonnik, 2020
Krasnoyarovskoe 37.8~98.7 1978 Zgonnik, 2020
% Severnaya 24.2~86.6 1981 Zgonnik, 2020
Kola superdeep 93.8 1990 Zgonnik, 2020
Lovozero 352 2004 Potter et al., 2004
Uglovsky 21.2~27 2010 Zgonnik, 2020
Wittelsheim >50 1981 Zgonnik, 2020
E Les Tiogaux 14.1 1990 Zgonnik, 2020
Lorrain Basin >20 2023 Hand, 2023a
Eristgal 22.1 1936 Zgonnik, 2020
P Burbach 24.6 1936 Zgonnik, 2020
Stassfurt 82.3~93 1936 Zgonnik, 2020
Muhlhausen 61.5 1984 Angino et al., 1984
Rabbit Lake k21 1988 Dubessy et al., 1988
Timmins k12,7 1988 Dubessy et al.,1988
JIEON Cluff Lake k19 1988 Dubessy et al.,1988
Strange Lake k35 1997 Salvi et al., 1997
Sudbury Rik57.8 2014 Lollar, 2014
Iwo Jima 18 1971
Mihara 72~90.2 1982
HA Showashinzan 25 1983 Zgonnik, 2020
Arima 51.4 1983
L Bourakebougou 98 2016 Briere et al., 2016
Hawasina 85.9 2011
Barrage 75.2 2011
] g Magniyat 873 2011 Vacquand, 2011
Bahla 97 2011
Nizwa 99 2011
FAIL A M SK2HF 91£26.89 2022 Han et al., 2022
IS AR E TR F5i522.8 2002 &2 H%, 2002
Rl bR M 18.33~43.79 2002 =751, 2002
Gl SR A = Hb X SN2 #3599 2010 Shuai et al., 2010
AR R Fii%15.24 2012 A1, 2012
BILIE ST 24.70~36.98 2017 Z)I4E, 2017
ERE R A 13 2020 Hao etal., 2020
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R (Hand, 2023b). [F4FE 9 H 24 H, EEGREAS
Bo] A B Y RN 9% 5 A T T 9% BT = A AR )
25, VARG AR 2E I TR 78 122 S 0 SR sk . ralb A
SRR R, TF b 2 A AR 7 RS T
il 28 TR ST, WA 11 SR R TR 1) 4 FHEREL . 2024 4R
2 H 28 H, EHES W B HEW A [ 4R 92 IR 2 51 4 [l
LA AT T ESWES, J— B9 7E 32 BT &
H&.
32 FEEAHHR LREXNSST K

2023 4F 5 H, AERE AR AR IS ARG A X ¥ o
R T RIS IR Ao, S5 6% 10° ~
2.5 x 108 t, A A L Lok & M K &0 IRZ
— o BEETREERG N, W BE RN W N, YR 1100 m 4b
SRMRE R IR 14%, TREEIRE 1250 m, Hk Bk )
20%. AR B 2 BT RIS RS T RE YA A A A Ko
e 2023 412 J1 13 H, IEEBGFR, Bt gk
A% 4 SRR TE B V&7 7 (Collins, 2023) . H

AL
Bl 1 HiERE ST R (4 Hand, 2023 240
Fig. 1 Earth’s hydrogen factories
O—K hEfe; Q—IeacaibO—RMB R, @—Blk; O—MA ke, ©—J-4Yiiee; O—MBERGE; @—H#uk; @—HKk 4

TS [ L T RO ARV vT H 3, 0 ) P SR
T TAE.
33 BXATEEZEBREM, WEEEASEE

E FRETiE

BKH HE LKL EA 100 Z4E, Bt -
RIAAT; LA E R, TR A, 75
F SR T R A D TR S T SE ekt g, 2023 4
10 7 31 H, &2 FIFEm AR S — 1 AR
BhiIE, o R T RA 73.3% MIEA, IF HiTRI
S S B ER TAE . BE Ak, R 38 1
B M A AR, 2021 4F 2 H O F I
AN (2000 A M ABIEE TR SR ) “ 2 HIY
G, FA SRV, 245 THUE T 40 24
B A A R TIE . 78 A A RRE 058 7 i,
VYRR ST b 5 81 A S £ BLIE €8 (Officer ) 4 b T BAT
O (Amadeus ) 7 T S T & S A IR )
W BHER2AWTE T HiEES/A46 771 (DHHID), €
FER AR (O Z AR BN o PR TR SCR A AR PE IR K
AR X (Yilgarn) Sepil F e T H A B s X 501
FROE A AT B2, AR T 2021 4FF1 2022 4543
AT T 2 WLk A e BkIES . 2023 4F 11 AL 1
HIHTE IR R 2690 T RIR G @Bk 25, SR 5|
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R EANA AR Ko E R 1401

T Ak 30 ZAEE 300 R ERFES S, K
PEHE T S — B M4 ARE VR TAE AR

BEAh, TR B ER ETEAE, D PE AR SR
AR, FL7E 2019 4E 4R 5E 1 3000 J3 BOTLEPEAE
TR A (25 7845, 2024) . ¥ 2R A R T
2024 ST T ZARFEVINL, IR B A i S BT R
BMARMT . WIS, i EG WA AR T A
SO ETH (£ 3), ATLAS, 2023 4F, HEAE MR
NGE R RIS IRER G Ry b e,

4 b E P BT T AR L

B A Z RIS AL TRIR BB, HIE SN E
ZNHBFIHEWEEE, ML, PEREAHER

(1 5 BRAC 5%, (B ICIS /2 BUN 2 iR 2R e K2 1, 2
KoIEEW, B EPRZE, T E RS RTRE
F1 LA A AU DRI A, B H A e v [ 37 2 e R
KRR, 45 E PRz
(1) )7 ShFATL 25 b AN SR AR 2 b 1 S A
D7 TR L A AR SR B I B ) K Bt B2 Bl s
2 I, FEE AL IR A )2 B AN E T A
SH, R SCE A5 R, 6460 ~ 6490 m IR FEAE A
AR EREL 27% (Han et al., 2022) . v T-KHH
UEAFARE 3 JFrp, FIRE R B T R/ B PR EUR,
PATT A AN ) L X B I s AR . SR
R —KH L (K% 350 km), &/ &
10% MENFE 10 4 1, FREAANIL A & A AE TR,

®3 EMEREBSTAE

Table 3 Representative project for white hydrogen in overseas

WHERER WHGATH e TR IR
20 194FEAEHE BT M TF4G T £ S — D R A,
SEFENH2E. ) BB BEE T RITFR Hand, 2023a
RN TR T
B P 202349 A Wl B AR 2 x 1070 T AETFREARM ST, ARSI 258 . 503
s B B8 S T 2 B I 1 S B T VR A Heny- 8OV
20234878 36 [ N AR B N ECOT & RS — D kAL
b |3 HyTerra’Z\ &
KR Hy Terra/A v U U B TR B R 2 Evans, 2023
202 VAEPTAR T RG4S R AN 20 7 2 ) U AU IR A 130 < 10 t, 20234F7E R
BRI I Gold Hydrogen/ & FEsT AR 2024
PORH BARIEGold Hydrogen 7 W T B S B RT3 3% LR
202 AERRE T 3~ ST KR, 20234F A 1 K 45-8 Energy, 2023;
o 4SS T ‘ﬁiﬁi]ﬂi‘TELEMJ Iﬁﬁlél:am( 7'3% ﬁ; iF?y:?ﬁ*éU\ rleigy
AR, ERTE [ 2B E A2 A AT iE FHES 724, 2022
20234 7E 1k [EY FA I E TSR AW IR, Wit A &
e HEEEZR AL AR . fwbk TP Paddison, 2023
6 x 10°~2.5 x 10° t
S 20234F-75 ELE S A # e s IR IR R 1 & SRR R Collins. 2023
W EA R
SR GRS 20234F 52l A $ 248 (1 AR [ S B R S DTA AR Dove, 2023
Jngk £ Ch Hyd d
. A Chapman Hydrogen an 202447 FH41EOntario 7 11 S T Bak, 2024
Petroleum Engineering/A ]
1| I HH S5EES 201944593 x 107 BRIGTEPE AR A (1 A IRV FENTRAE, 2024
3 E Ascent Hydrogen Funds 2020 4, 5P4HE A Helios Aragon/s 7% B EhER T, T 58 VG HESF F[HL 5T
— e At e Ascent Funds, 2020
N X o i A
T A
S5 FHelios Aragbn/A ] 202344 A FEPGHEA A0S LA A7 L bk L & B — A~ st 1 x 10° YA fes. 2023
€110S Aragonzy A
son I, HHIE20244E B R, 20084 L AL Parkes,
201 14E7EBourakeb A ER BT Sk, BT Bilex
ST 14 K Hydroma A7 4 7EBourakebougoufE i & Bk AR A S R B, HRTC 829 TE% oy A 2024

i i [ R AT A T

X 5E4G25 FE, RIS AUHZE
20234 E A D AERR E S M LS BB T HA

Collins, 2023
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BAERN A AN ). 785N A = Hh X
2 SR B RED R R B TSR, HARR G
ik 99%(Shuai et al., 2010) . FETF Ik, T LK Bk
2 A b XA A R A R X S
TR A R 1R B R MG, £ XF
R 141 B JF & - e ek Ak 23 B, P8 4Rk A IX
TEAR AR X LR b, JT R — 4l = 4eHb 52 &, Bl a
TG EARV T it 2038 1 I U TR I

(2) IR 255 LR BLTR A A He AR BT

RGMUERUIIA S TR}, A AE TR . AR it
IIGSNIX | KRS R | heak s 20Ok, BT S il 4
] A GRS 1534 L, S SRR X AR B T
BMER . TR BRBLEIIZE, AR AER . R
fif A A I BRAIE SR, 878 L AR SILH, SR 2 o
AR IX PR UL ERS . RIS 2R & 7 S A T B
HOR, Gnwit & ] B AR A N T K b i 80 Az i
ARMHRERA, 7 ENE. HTER
HRKEIE IR, 2= AP A AR IR 4%~75.6% B
LG R K, S I W B R 5 e s R TR
00 20 528 10 25 4, A 0 i i &SR it & 1 U
HoR,

G)EEZHERIAABERIER, FTHE LA
AABAME

EPr A WA AR ARG HEA kAT
AR A DL . Bl iR, AE S 5S4
A, TER AR AR I AR A
WO FE A A S NS ™ KA, 4E i =5 18
JE IR EL . M ER A AE AT A, T — S
JIR AR RIS TR A LS A A E M. BT AT
hne 52 E L RE WK EERNAE, F 2
[ 0 S B 22 56 5 Sk FRS R R, insl A AT
RN

5 45 i

E
(DTEA RS, C & Tl ALl & E2 4
PREL KA EAMEEE, A X SR ZHAER
T AETR, 7 A R R AN A . U M
BRI U R AR SR, HAT, EE N EZA KA
FISE TS A R A 0 A AR BR DR 3 Aol il PR AIL
il 5Tl FA L, FEEA T A7 A AR
FATFRAE =R ARF

(2) HuBR “ ST BERNA Y, HUER b Aok A

B ERECA AR AT OR, K s RO AT
B 2 Z A RS E L . & & ) iz A
TR B vhafy | AT RZL S, iR I AR X, 4
RELZIBAAL ST 5 07K AR | R
FINE 3k [ Ak B L S & ST, B T HEA
MR NI A T AR . SEGEAFEZEAM L, HEAS
PAA MBI TAEA 3T

(3) [ AR AL 3 4 0 58 K R 4 55 22 Ak
)T R A AL, D LR 2 XA H R
PR AT o [R5 £ 5 BF T R BE BRI K
2 o) 2= I 9 SEUREIRTER T AR 1, O 5T R IX AR
5 R TURMH 5 AT R I HIL AR5, S o4 S o
PR BERE AT, L RAIT R ™ S R 5 Tl B AR
S MAh, BB R R A A ML, v E F ST
T RUR A 1E 7
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