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Abstract: Due to the estimated reserves of natural gas hydrates in the South China Sea reaching up to 800 X 10*t oil equivalent, the
Chinese government is actively encouraging the industrialization of these resources. This contrasts sharply with the decreasing theo-
retical research and financial investment in natural gas hydrates by foreign countries. Given the significant disparity in enthusiasm for

natural gas hydrate research between China and other countries, as well as the risks and challenges associated with advancing the in-

BT P EBEBEE KK T H /Al R ARG TR LRI D57 (2019-ZW11-Z-035) | [8 5K 5 & 3 il 0F 58 & J& 3 X (973) 1 |
(2006CB202300,2011CB201100) Fl [F Z & £ A WF 5% & @ 1411 (863) Wi H (2013 AA092600) B J)j .

E—1EE MR W, 1961 42 8 A 1991 424K o [t 7 R 2 19 2440, B o A K2 (b D #U0 HEAE R AR B R SR EE, FENE
THASTEE BHLER 5 45 A AL & i AR Ao BT 5 R IR RN DT 58 T4E . Email: pangxq@ cup. edu. cn

BEEE W %, 59,1989 45 8 A A, 2018 453k A il K2 CIE D) 3 0 0% U5 5 M 0 U R & Bl 2 o, B0 v B il o 2 (b ) DO LA - A
VR o =5 DA S 3 RO LB 45 20 A B A L I R A A T S Y BN AR 9 D AE . Email: thu@ cup. edu. cn



%7 3 P HE 73 A5 < v [ B T TR AR SR A B U Ml A e e T I ) DXL 5 PR AR 1045

dustrial development of natural gas hydrate resources in the South China Sea, this study integrates the latest global and South China
Sea resource potential assessments. A comparative analysis is conducted on the differences in resource potential evaluations and per-
ceptions between domestic and international scholars, and the underlying reasons for these differences. The latest evaluation results
indicate that the global recoverable resources of natural gas hydrates have a mode value of 300 X 10%t oil equivalent and an average
value of 680 X 10°t oil equivalent. For the South China Sea, the mode value of recoverable natural gas hydrate resources is 10 X 10t
of oil equivalent, and the average value is 26 X 10*t oil equivalent. The average value of recoverable resources in the South China Sea
is less than 5% and 20% of the total conventional oil and gas resources globally and in the South China Sea, respectively. Thus, the
estimated 800 X 10° tons of oil equivalent in the South China Sea does not represent the actual recoverable resources but rather 30 to
80 times greater, which cannot be used for production guidance and strategic development research. The lack of uniformity in the
concept and characterization methods of natural gas hydrate resources is one of the fundamental reasons for differences in understand-
ing their development prospects. The current promotion of industrializing natural gas hydrate resources in the South China Sea faces
risks and challenges in five aspects:small scale of recoverable resources, immature key technologies, weak market competitiveness,
high commercial investment risks, and inconsistency with the national “dual-carbon” goals for large-scale development. Therefore,
accelerating the industrialization of natural gas hydrate resources in the South China Sea requires in-depth research in four aspects:en-
hancing technological capabilities to increase recoverable resources, reducing extraction costs to expand the effective resource range,
deepening geological assessments to clarify resource distribution characteristics, and conducting comprehensive geological surveys of
various oil and gas resources to improve integrated development efficiency. With technological progress, natural gas hydrate re-
sources are bound to be developed and utilized on a large scale, thus continued support and encouragement for relevant research and
exploration are necessary.

Key words: South China Sea; natural gas hydrate resources; industrial development; low-carbon clean energy; unconventional oil and

gas; fossil energy
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Fig.1 Changes of national research projects and research funds related to natural gas hydrate resources at home and abroad over time
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Fig.2 Change in the number of publications on natural gas hydrate research over time
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Fig.3 Distribution of global hydrate resource potential assessment results
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Fig.4 Conceptual model of hydrocarbon distribution controlled by dynamic boundary and field in the whole petroleum system
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Table 1

Evaluation results of global hydrate resource potential using three different methods
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Fig.5 Comparison of global evaluation result of natural gas

hydrate resource with other types of oil and gas resources
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Fig. 10 Results of simulation experiments on the recovery

coefficient of natural gas hydrate resources
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Fig. 13 Changes in overseas investment in natural gas hydrate resources and predictions of the market share of related energy
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and abroad in different research fields

D e Z M TR RESHA RS IR
SRR BRI g R AR K B W BT R ) R A
45 SR 2 i E ek o (HL 38 T A OB R Bk TR
1 MR TEEAWRR . EE NN RERRTKEY)
HE LA R A H R I B R AR H TS
T BT IR A S A HL 32 200 A3 A8 5 il A TR
TR 3L )2 Hp s DRI TR AR S R A AR R BT R

T 3o T A RS T 5T AR S 2 T 4R e £ R R
B R A 3 A O7EJT R BUAIEE % Bk <
YRR AR 1 ] IR K AR SOK 5 W B A D T Y H B
DB LABE T FELRI 43R O 58 BTk s O FE T B
AU B R B PIT K f [RI  4 RAR UK S 1 N
H2H BYJZ LT LU R AR AN 2k H 9 JE AL O FE
T JR& 5 RURIAE 3 HL il =5 U R A s 77 4 A1) T AH
e 5 3 K+ 55 0 S B P B R BIR BE 4 4 JAR

6 AHSRIE AT IE

6.1 3 FF 7R IEMN L RA &M A&

RARSIKA P A SR B Y580 TR /N A2 224 i o [ i 7 K
SRR PR IR S Ak K R AEAE H e KRS . H I
51 % HIET 3 P g 4 BRoA b E RS iR AR SR A )
AR IR PPN A R AT SE PR, B NI A R
BOKTTF 3% 3 Fpisuil s e T KR SOK G W0 55 U8 1)
BV A SRR, EEETFLIT 6 Jmst.

(1) Dai X 2B LK 14 > KBRKE
W ) KR B [ R R AE AT T R G M .ol
1 55 A BRE BURTAR B R R AR A R 7 X LG A
g3 RERFK A P& T BT DT AR S e o i) o foe
PR U T A RE R X DB PLBE 4 R KRR
IKE PR TE D1 AN AT R K T RE TR ) S R A

(2) Jia 83 5 9F 2% o R4 R E R0 AN AR A R
AT UR Y 25 S O R T AR R G e,
FE R 1R HUREE B AL IR S ] A b A
Feor A . IR N, RIRSKGW 2R
R B B T R R R R 2 SR
2 R AR S H. AR TR B 43 A 76 IR R 5 AR
TP . 33K A S R S A TE R R A KRR SR &
Py SR I ME LA R AR PP R SR B U i 1 BB
TR B8 T 40 T s 44, RVl 2 g 57 R AR SOK A B R i
5B AR H R0 AT R R 2 R) A R R B X SR AR
SOK AP R RO X IS B E T R AR UK
B WG IR EZ DUR A8 3 9 A LT S A R AR
FEFAIFR L REL TR RER AL,

(3) 10 1 K S RE T & BT R (973)
H g2 7 WF 55 A B L S8 3 15 AR RS8O & B T
WMAIE BB 3 B I B 3 A i e T
HRUREE BRI ARG — A R T AR R
GiE m P RS L #sn T A B sh 13 N AT RETE B
RIRSIKA oI55 HoAth 2 Byl 098 U8 CRE B0 <R
AR 7O (8] 04 9 Jo3 T 5 A B R T T ) T A
T T 55 7R U AU AR S 8 R AR SR B W G D 1
ARSI A L AR T KRR ARG



%7 3

P HE 73 A5 < v [ B T TR AR SR A B U Ml A e e T I ) DXL 5 PR AR 1057

IR I A R M. A XM RS E ®IT
M 05 35 D HR i SCEED g R R E AR T S TR
RFE w3,

(4) BET 2 BREG IR A5 R AR 2 L v T ET AP M 45
R@HFIERB B RARK G HEE RS 2MmS
RGN VA SO AR A W 25 SR AT, 3 M A B
BSAIE , 2545 RO B T PE A 45 R 0 2 W ME AT SR (R 1
3, Hrp REREERE R L N T s
FE] AR DX PN T O 1 A 3RO [ i X 1) R AR SR G
F14) O B8 1 5T 2 500, PR VT A 285 SR i W > iy b S5 9 A K
FFAR . BTAPES A R B Bk BT T B 1973 48
PLE 29 SOFSE R 2 BROR SR SOK G W B I8 1 1 P
iR BRI TORR R 2 AR R PR A5 R
FRAZ T SR R o 8 IR LR B A0 X B IR VAN
SR 52 DL K N FEIAR 5 B WL B A W 2 30 () 2

(5) RERAIK A Y0 U5 5 PEAlk A A8 b B fift 7
TR BUIE 2552 W VR 45 R 2 PR AT SE . il an, 7R
I 4 AR G ) o A S T I R AR ROK B Y
WA, HE R FEZET Qo Qo Aww s Hone
B, Acnsz «Hensz B Fil g 3% 9 A OCHEM T 2R S 4K,
EH LA AR TR IR T R AE 100 Z4E T3R5 1R
DL K 50 Z4F 2k 29 AMFSR 4L X T RERAKE Wi i
JoT i A 25 ORI E X 9 A S E U B Ok T R
KEW BRI S R EWIE. 5350, o e
R AR R R O D (172~273) X 10%t il 24
i MG PR 45 SR 0o 200k 545 X 10% ¢ il 2 & A
RIRFAKE WG 25 R Sz kB2, Y
I ZE TH 58 8 U5 AL I 30 R AR N BE 2 10% ~20% R
SRR G W T A 9 5 L (RLBE A6 B KT 1 S
XEEPEAN I BRI 25 R A A Ak T A5 BOPEAN B
TG B3CH oA | VA O R A R A O U IR

(6) 3 Ty Jy vk X A Bk KR SOK G W o IR T 11
PEAN 25 R 5 55 [ R U A R0 b o 3 A Jry 4R A5 1 45 R EE A
ARTES0 L RN 3 3 b IEA 7 1k 3R A5 (4 v [ R 1 R
SRAUKE W BRIRE 01 5 AT 35 A58 R AT 1Y PE
GER 2N E K. HARA B A T 75 e 800 X
10% ¢ il 24 5 19 K AR KB W 08 B0 g e e 1 ot 3¢
TR B PR AR, AR AR TR . AT L,
KIRFOK G Yo 05 e MR A 58— H BTN ) RAE Iy %
AN —BUR T BOY A [F] 27 35 % R J 1 st R A [\ 1
A Z —

6.2 SRHKSKEWEEFLLEBHEXAEE
6.2.1 AXRARAKESD T RIRE XK A RA
=] R

EHRGGUEZFITEN I ERE G e T

AR E R T R AR SOK B W B BT ) X e s
FEIET 2R G M BT R B BN R
SRAUKE Y b 1 R AR AR IR T HIL BT Y 0 AR A A
o EX— B8 ST I A BB HEBR R ok & 8L TCHLIL
PR e U LR AR SK & W) 1 R RE S (H X B m] BB PR 45
AN IR B B R R R A B L X R AR AR R
S FETEN D 2 TC AL B R e — A L A 7k I i AR
Hr O A L LA AT R Z g R
6.2.2 HRXEREBRARARSGHHTHRTRE
#4 5] A

B Ve T IR N R ICE B BB KRR
KEY, FEET 4 (R O IK LB RRTKEY
WL 8o A6 5 8 B3l 137 R R IR TR SR
AR HATFERGZME ., QWK R RARAKE
Y o3 A 22 R IR S A, — B
T8 T AL B 0 K A B B R SR AR MR B KRR
IKE W2 P o ff 5 BLAb s T8 RARSOK G W T ik
ZOKARIRE s — B R AR R A AR A
HAA AR &5 7. OWIK B RIRSKEM I Z
) HE A A AR IR AFAE TR BUA & R B A
M. @ H R B ™ 58 Bk U ik 28 KA SK -5 P ml
8BRS B R O AE S WG S R AT AR SR ok . U
H T8 & HOH H A D AR 3R
6.2.3 A XRRANKESH T RAZEN % 6INIA A

S Y HT R AR SR A W o U5 0 7 A A g T e B
2277 16 1 1) 80 A I AS HE BR 75 Bt 26 B RR 5K b 5t 2% 1
B Jm ¥ b DX, FL AT B8 KA T R VR O A R P S B
b A A ASHEBR FEAE R SR B R HE RE IR BT B (B Y At
R SR AR AR BRI . RERSOKGWAE R —Fh B
SRGEUR L Y Fir KA Ak & i v A B X DA 5
AEH RLAN AT AR BB IR ST 4 HZE I AR RAR UK
G W R A K 23 Bl R R TSR AR T AT LAAE Sy RE R
B &b 78 B8 B A 0 Ak T ROk, BT DL H R A A G F
TR R (H AT R A sl

7 5 B

(1) e [ g I 800 X 10 ¢ 9l 5 4 f) AR LK
B BT IRIE I 4 ROR A B K AR UK A Pl e
K FEATAE B R AV, 32 MU S B o K AR K & W Y 3
SRR R UK S P B TR BT 30~80
AL A T 25 R A TGO O R 1 KR Y 0 B K
“.

(2) BRI RGP G SO 4 R B R
B A W7 D B B TR B IR R LR ARSI B
300X 10%t Jl M &, FHE S E R 680 X 10%t i 24



1058 al H

e

ki 2024 4 45 %

AR FH HUH AR 5% s o E IR RSO E Y
(] SR IR TE AR GE T B 10 X 10% e Il 2 i, P
gt 1o 26 X 10% il Y it B E A B B AR R
S 20 % » KR SOKA P98 IR ME LA Ak 1 32 5
REVR .

(3) M A AT HEZh v = g I R ARSK B W B R
P AR R TE G 5 5 T XU 5 Bk R TSR B R
VNS5 % N N R e AR SN 5 g
B RIS & B 5 Rk H bR S B

(4 b [ e 1 R AR K B 1 U ol Ak & T
i ZURAL 4 J7 T 5 4R T B R AKOF L 38 R) R B R
It BRI TT SR AR 0 AT R00%E VRV B 5 R b T BF 5
TSGR A B G Z R AR IR S A R RS
LK .

ES T e s e D N i A R A 3
T AEARRAF AL T B F B R L H; BT
ARIETRE RE R E k08 R A A A R A 1)
THHRKEAXTFRE TS THH AT AL
ErE 22 HRE RFREFRFELREFLEA
LR AT RS TR, X B RERLPER
P E LK GEET) b ARBEEALA KL T8
K FFa K B A R R Rt

2 £ x #

[1] SLOAN E D. Fundamental principles and applications of natural
gas hydrates[J]. Nature,2003,426(6964) :353-359.

[2] TROFIMUK A A,CHERSKIY N V,TSAREV V P. Accumula-
tion of natural gases in zones of hydrate {ormation in the hydro-
sphere[ J]. Doklady Akademii Nauk SSSR,1973,212.:931-934.

[3] PANG Xiongqi,JIA Chengzao, CHEN Zhangxing, et al. Reduc-
tion of global natural gas hydrate (NGH) resource estimation and
implications for the NGH development in the South China Sea
[J]. Petroleum Science,2022,19(1) :3-12.

[4] PANG Xiongqi, CHEN Zhuoheng, JIA Chengzao, et al. Evalua-
tion and re-understanding of the global natural gas hydrate re-
sources| ] |. Petroleum Science,2021,18(2) :323-338.

[5] ZHANG Ruwei, LU Jing”an, WEN Penfei, et al. Distribution of
gas hydrate reservoir in the first production test region of the
Shenhu area, South China Sea[ J]. China Geology,2018,1(4):
493-504.

[6] YE Jianling.QIN Xuwen, XIE Wenwei,et al. The second natural
gas hydrate production test in the South China Sea[ J]. China Ge-
ology,2020,3(2):197-209.

(7] A NRIEFNE B AR BEUR AL, o 7 9 S 2018[M . b
a0 T R L 2018,

Ministry of Natural Resources of the People’s Republic of Chi-
na. China mineral resources 2018 M ]. Beijing: Geological Pub-
lishing House,2018.

(8] [ 4 % 5 8 o [ 4t o 98 A . v ] b R A E TR (ML b

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

BT ML AL L2016,

China Geological Survey, The Ministry of Land and Resources of
the People’s Republic of China. 100 achievements of China geo-
logical survey[ M. Beijing: Geological Publishing House,2016.
JIARBREMBER G &) RKERIER, ) AREREEART,
G5 )TRAE B OB R R AR M B % Ik 4R BE AT S R (2021—
2025)[EB/OLT. (2020-10-09) [ 2024-03-26 7. https: // www. gd.
gov. cn/zwgk/jhgh/content/post_3097984, html.

Guangdong Provincial Development and Reform Commission,
Guangdong Provincial Energy Bureau, Guangdong Provincial De-
partment of Science and Technology,et al. Action plan for culti-
vating strategic emerging industrial clusters of new energy in
Guangdong Province (2021-2025)[EB/OL]. (2020-10-09)[2024-
03-26]. https: / www. gd. gov. cn/zwgk/jhgh/content/post _
3097984, html.

FE KBRS . T Y L RE U SUSURE B BB LRI LEB/OL ], (2021~
11-29)[2024-03-26]. https: // zfxxgk. nea. gov. cn/1310540453_
1648863705486 1n. pdf.

National Energy Administration. 14th Five-Year Plan for scien-
tific and technological innovation in the field of energy [ EB/
OL]. (2021-11-29) [ 2024-03-26 ]. https: // zfxxgk. nea. gov. cn/
1310540453_16488637054861n. pdf.

WA KRR Z R 2 B ERET & & RS+
A IAFE MR O = HAFRZE R HARGIZ[EB/OL]. (2021-03-31)
[2024-03-26 ]. https: // www. hainan. gov. cn/hainan/qjcqh-
ghqw/202104/3ecc6cf2792d4cf190bc0b6258cafa58. shtml.

Hainan Development and Reform Commission. Hainan’ s 14th Five-
Year Plan for national economic and social development and the
long-range objectives through the year 2035 EB/OL]. (2021-03-
31)[2024-03-26]. https: / www. hainan. gov. cn/hainan/qjcqh-
ghqw/202104/3ecc6cf2792d4cf190bc0b6258cafa58. shtml.

GAO Deli. Focus on research advances in the natural gas hydrate
resource evaluation:introduction to papers in the special section
of evaluation of natural gas hydrate resource potential in the
South China Sea[J]. Petroleum Science,2022,19(1) :1-2.

XU Zhi, HU Tao, PANG Xiongqi, et al. Research progress and
challenges of natural gas hydrate resource evaluation in the
South China Sea[ ]J]. Petroleum Science,2022,19(1) ;13-25.

LIU Xiaohan,HU Tao,PANG Xiongqi,et al. Evaluation of natu-
ral gas hydrate resources in the South China Sea using a new ge-
netic analogy method[J]. Petroleum Science,2022,19(1) ;48-57.
WANG Tong, HU Tao, PANG Xionggqi, et al. Distribution and
resource evaluation of natural gas hydrate in South China Sea by
combing phase equilibrium mechanism and volumetric method
[I]. Petroleum Science,2022,19(1) :26-36.

ZHANG Xingwen, HU Tao,PANG Xiongqi, et al. Evaluation of
natural gas hydrate resources in the South China Sea by combi-
ning volumetric and trend-analysis methods[ ] ]. Petroleum Sci-
ence,2022,19(1) :37-47.

PEMERT 5195, KAR KGR0 5 & A LM, dbae . 3
Ji i L 5 2023,

PANG Xiongqi, HU Tao. Potential and development prospects of

natural gas hydrate resources| M. Beijing: Geological Publishing



