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Evaluation of Geothermal Resources Potential in China

WANG Gui-ling, ZHANG Wei, LIANG Ji-yun, LIN Wen-jing, LIU Zhi-ming, WANG Wan-li

Institute of Hydrogeology and Environmental Geology, Chinese Academy of Geological Sciences, Shijiazhuang, Hebei 050061

Abstract: China’s geothermal resources are widely distributed and characterized by multiple types. They are
distributed with obvious patterns and along certain geographies. Based on China’s geothermal resources of
different types, this paper assesses the potential of shallow geothermal resources, geothermal resources of
hydrothermal type and geothermal resource of hot dry rocks type and analyzes their exploitation and utilization
status as well as the economic and environmental benefit of geothermal resources. China’s geothermal resources
are relatively abundant with 2 334 hot springs and 5 818 geothermal exploitation wells. Geothermal resources of
hydrothermal type are equivalent to 1.25 trillion tons standard coal. Annual exploitable amount is equivalent to
1.865 billion tons standard coal. The annual exploitable shallow geothermal resources of 336 cities above
prefecture-levels are equivalent to 700 million tons of standard coal. The amount of hot dry rocks of prospective
areas is equivalent to 856 trillion tons of standard coal. Currently, China’s annual utilization of geothermal
resources is equivalent to 21 million tons, of which only 0.2% geothermal resources of hydrothermal type and
only 2.3% of shallow geothermal resources have been exploited. Therefore, geothermal resources have a
tremendous exploitation and utilization potential. Thanks to the existing technology, scientific exploitation and
utilization of geothermal resources can save 1 billion tons of coal annually. The efficient utilization of shallow
geothermal resources in 336 cities above prefecture-levels can save 250 million tons of coal annually. The
efficient utilization of underground geothermal resources can save 750 million tons of coal annually. Geothermal
resources can efficiently cut emissions and save energy. They can also effectively reduce dust haze.
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Fig.1 Distribution of geothermal resources in China
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Fig. 2 Section position of shallow geothermal fields
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Table 1 Evaluation table of moderate- and low-temperature geothermal resources of main sedimentary basins
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T EF i 5.33x10" 1 820.0 9.20x10"7 314.00 5.13x10" 7.74x10° 1.52x10" 520.00 4.05x10" 9.02x10" 3.08
Pl ) 6.75%10"7 230.0 1.52x10" 51.90 1.88x10" 1.98x10° 1.82x10" 620.00 7.15%x10° 9.20x10" 0.31
FAIT Z it 1.24x10" 422.0 1.24x10" 42.20 1.92x10" 2.17x10® 4.86x10" 166.00 8.45x10° 2.01x10" 0.69
AL 3.95x10' 13.5 3.95x10" 135 5.68x10" 2.84x107 2.31x10" 7.88 9.35x10° 7.52x10" 0.03
UHIE A 2.20x10" 749.0 4.38x10" 149.00 3.87x10" 1.75x10° 3.44x10" 1 170.00 1.95x10" 3.86x10" 1.32
SRIR 22 3 4 1.48x10" 503.0 2.11x10"7 72.00 1.84x10" 5.66x10° 9.03x10" 308.00 1.73x10"° 2.68x10" 0.92
DU 25 b 9.62x10" 3280.0 1.44x10" 493.00 6.68x10" 3.43x10° 6.93x10" 2370.00 8.39x10"° 1.59x10' 5.44
RVE: S 2.49x10"7 85.1 4.99x10' 17.00 6.76x10" 2.03x10° 3.73x10" 127.00 1.94x10° 3.64x10" 0.12
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[ 1.34x10" 45.7 1.34x10'¢ 4.57 1.17x10" 1.76x107 5.43x10" 18.50 7.14x10° 2.09x10" 0.07
YIS IR 735 b 4.78x10" 163.0 2.39x10' 8.16 1.78x10" 1.78x107 6.84x10" 23.30 - - -
i N 4.83x10" 165.0 2.42x10' 8.26 3031x10" 3.31x10° 1.60x10" 5.46 - - -
Seik AR 3.04x10"7 104.0 3.04x10'° 10.40 1.74x10° 8.80x10° 1.28x10" 437 - - -
Bt 3.11x10" 106.0 5.29x10'® 1 800.00 3.87x10" 1.44x10" 2.65x10" 9 050.00 2.59x10" 4.98x10' 17.00
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Table 2 Evaluation of geothermal resources in the main hydrothermal activity zones of uplifted mountains
ARG 3R B R 1o T b AR U
K E Hb R ‘ B AT A ] R A ) 30 4
e T i’rﬁﬂ‘(ﬁ%aﬂﬁﬂéﬁ imfziiﬁ14kﬁ D, WAEIRE "
kI et fmfa) FERBE gy M /TR
/(k/a)
MRE—)I P —EPE 3.16x10"7 108.000 0 2.26x10* 3.61x10" 0.012300  3.37x10" 712
ARE g X 1.17x10"7 58.500 0 2.04x10® 3.22x10" 0.011 000  3.56x10'° 70
WEIL 2 I 2.69x10" 0.091 8 5.37x10° 1.27x10" 0.000 434
B 3.78x10° 9.40x10" 0.003 210
Gt 4.88x10"7 167.000 0 4.73x10* 7.90x10" 0.027 000 3.72x10"7 782

"3 AKBRHARARRTE., RADRFELEREELHFBERLY

Table 3 Summary of the calculation of heat capacity and heat transfer rate of shallow geothermal resources (land-use coefficient)

R KRR R g A

I RGBSR

il TEM A 200 m DV oW oW Hh AR R G AT 2 kW
/km? AR /(kI/°C —— - — —— - — —— - —
m HFO) aZmn XEEmE | ARG AFRE AENG | AFRE
Hil} 624 3.97x10" 2.68x10° 7.23x10° 7.65x10° 6.73x10° 3.45x10° 1.40x10°
VU 514 1.85x10" 0 1.05x10° 0 2.70x10° 0 1.19x10°
Ly XN 2203 9.27x10" 6.56x10° 2.07x10° 1.51x107 5.86x10° 1.54x107 5.66x10°
RED 2601 1.07x10" 8.99x10° 4.49%10° 2.04x10° 8.39x10’ 1.39x10% 5.76x107
B 2201 4.13x10'¢ 2.54x107 1.44x107 2.53x107 1.45x107 3.55%x107 2.03x107
S 2985 1.37x10" 1.23x10° 5.31x10° 6.31x107 2.35x107 5.94x107 2.24x107
o7 9377 4.76x10" 5.48x107 3.32x107 8.78x107 5.00x107 1.34x10% 7.90x107
TH 1587 6.96x10" 3.73x10° 1.87x10° 2.50%x107 5.81x10° 2.15%107 6.91x10°
s 2130 3.41x10" 2.86x107 1.43x107 4.87x107 1.90%x107 4.44x107 1.73x107
bt 6130 1.94x10" 1.47x107 7.35x10° 7.17x107 3.59x107 8.64x107 4.33x107
KAt 11 250 5.59x10" 8.03x10° 4.02x10° 1.01x10® 6.70x107 1.01x10% 6.70x107
1Iyiii) 5817 1.93x10" 1.44x10° 9.15x10° 7.00x107 3.34x107 5.10x10% 3.24x107
(5] 2615 1.15x10" 2.51x107 1.26x107 6.00x10’ 3.96x10’ 5.49x107 3.21x107
baNE) 7785 3.95%x10" 4.21x10% 2.13x10° 8.37x107 7.01x107 8.21x107 6.80%x107
AR 7936 2.50x10" 6.86x107 3.43x107 1.17x10* 9.35x107 1.17x10% 8.63x107
L 2 460 8.78x10" 3.02x10° 1.58x10° 6.99x107 4.35%x107 5.46x107 3.43x107
= 1083 4.90x10" 6.91x10° 3.45x10° 1.18x107 1.18x107 1.04x107 1.02x107
S 1414 6.79%x10" 2.23x10° 1.11x10° 5.20x107 3.42x107 4.47x107 2.93x107
L 26 610 1.10x10'¢ 1.22x107 6.44x10° 2.72x10° 2.15%x10% 2.21x10% 1.66x10°
Pl 3960 1.80%x10" 7.33x10° 3.68x10° 4.20%x107 3.85%107 4.17x107 3.70x107
Wi 12914 6.88x10"° 5.00x10° 2.50x10° 9.11x107 6.32x107 8.36x10’ 5.80%x10’
o] 17012 7.27x10" 2.17x10° 1.08x10° 1.72x108 1.16x10% 1.55%x108 1.12x108
i 5606 3.04x10" 4.65%x10° 2.33x10° 8.43x107 7.02x107 8.27x107 6.76x107
T 11488 4.15x10" 6.15x10° 3.08x10° 2.74x10* 1.49x10% 2.69x10% 1.46x10°
YLVg 2584 9.93x10" 5.41x10° 2.70x10° 2.20x10* 2.38x10° 1.43x10° 1.15x10°
B2 1 980 9.94x10" 0 0 6.89x107 6.99x107 6.89x107 6.99x107
EUS 2432 3.81x10" 0 0 2.15%x10° 2.33x10% 2.15%x10% 2.33x10°
pioy 3411 5.38x10" 5.96x10° 1.12x10° 1.18x107 1.21x107 1.03x107 1.06x107
SV 2942 1.49x10' 3.59x10’ 0 9.68x10’ 0 7.60x107 0
IR 6735 2.56x10" 4.07x10° 9.65x10° 3.56x107 6.89%107 2.57x10° 4.73x10°
g 499 2.82x10" 2.58x10* 0 2.52x10° 0 2.47x10° 0
ait 168885 1.11x10" 7.49x10° 3.68x10° 2.69x10° 1.91x10° 3.14x10° 2.10x10°
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Table 4 Summary of the calculation of potentials evaluation results of shallow geothermal resources

- ﬂﬁ;%k F:T iit it ﬂﬁ%ﬂﬂi@ﬁjﬂ‘/mz ;ﬁ;ﬂf AL &%%ﬂ%ﬁlﬁfﬁ‘/mz ;z %ZTA AL Iz Fn il ‘(/‘iﬁgit/nf
1R%s Xt 1% S IREs S
Hifg 4.58%107 9.20x10° 1.65x107 9.64x10° 6.23x107 1.88x107
[if9 1.76x107 4.50x10° 2.00x107
2y AUN 1.15x10® 2.59x107 2.52x10* 7.32x107 2.56x10° 9.01x107
SE 1.38x10° 9.99x10’ 3.13x10° 1.87x10° 2.15x10° 1.28x10°
B 4.18x10® 2.34x10° 3.89x10° 2.23x10* 5.75x10% 3.30x10°
ik 1.54x107 8.84x10° 7.89x10° 3.17x10* 7.43%x10° 2.85x10°
uT 6.36x10° 5.23x10° 1.02x10° 7.88x10° 1.55x10° 1.25x10°
THE 5.40x10’ 3.63x107 4.08x10* 1.89x10% 3.12x10° 1.47x10%
HM 8.89x10° 3.94x10° 7.84x10" 2.76x10° 7.13x10° 2.48x10%
et 2.72x10* 1.63x10* 1.33x10° 7.96x10° 1.60x10° 9.59x10*
Kt 1.01x10’ 8.04x10° 1.26x10° 1.34x10° 1.26x10° 1.34x10°
117 3.16x107 1.76x107 1.20x10° 6.50x10° 1.13x10° 5.28x10°
(S 2.69x10° 1.87x10* 6.80x10° 6.11x10° 6.65x10° 5.41x10°
M) 1.12x10° 8.46x10° 2.88x10° 3.51x10° 1.12x10° 1.30x10°
1A 9.79x10% 6.23x10° 1.67x10° 1.70x10° 2.58x10° 2.29x10°
e 3.47x107 2.60x107 8.11x10* 7.58x10° 6.35x10° 5.99x10®
P ] 1.30x10’ 7.70x10° 2.26x10* 2.35%x10% 1.53x10% 1.80%x10*
B 3.17x107 2.22x107 7.43x10° 6.84x10° 6.39x10° 5.86x10°
HDIN 9.29x107 6.64x107 2.85x10° 2.97x10° 2.31x10° 2.59x10°
pa)i 9.16x107 5.53x107 5.22x10° 6.42x10° 5.17x10% 6.16x10°
WL 5.00%x10’ 3.57x107 9.11x10® 1.03x10° 8.36x10° 8.29x10°
i) 3.17x107 3.12x107 2.51x10° 3.34x10° 2.28x10° 3.27x10°
it 5.83x10’ 3.99x107 1.05x10° 1.20x10° 1.03x10° 1.16x10°
LR 8.77x10’ 6.14x107 3.79x10° 3.02x10° 3.72x10° 2.97x10°
biNii} 3.15%107 2.10x107 2.75%x10° 3.97x10° 2.44x10° 2.56x10°
i 0 0 4.64x10° 1.45x10° 4.64x108 1.45x10°
VN 0 0 2.15x10° 3.89x10° 2.15x10° 3.89x10°
By 7.45x10° 2.24x107 1.47x10* 2.43x10* 1.28x10° 2.11x108

| 5.74x10’ 0 2.83x10° 0 3.35x10° 0
7R 5.81x10° 2.41x107 5.08x10° 1.72x10° 1.98x10® 7.36x10°

fiaaea) 2.86x10° 0 2.82x107 0 2.75x107 0
Hit 5.59x10° 3.61x10° 3.56x10" 3.75x10" 3.26x10" 3.23x10"

x5 HKEMRRK 3—10 km FLEFREEIR
Table 5 Dry hot rock resources at the depth of 3—-10 km in China’s mainland
[ 2 T em T A B fﬂzﬁﬁ%%@& 2%??%&)
B /) Yr AR 7 A2 BRI Yr & brfE 7 A2

1 3.0—4.0 1.9x10% 64.8 3.8x10% 1.30

2 4.0—5.0 2.5%x10% 85.3 5x10% 1.71

3 5.0—6.0 3x10% 102.0 6x10% 2.05

4 6.0—7.0 3.6x10* 123.0 7.2x10% 2.46

5 7.0—8.0 4.2x10% 143.0 8.4x10% 2.87

6 8.0—9.0 4.7x10* 160.0 9.4x10% 3.21

7 9.0—10.0 5.3x10* 181.0 1.06x10% 3.62

8 3.0—10.0 2.52x10% 860.0 5.04x10% 17.20

‘ Sk, M 20 4L 50 AR, A A AT
3 RGERT 2 A 160 2%, 20 2 70 F1U, ARV PR

SRR, FRE TR A SRR O AR ERNEL IR 20 IH0 00 AEfLLLE.
5000 ZAMBATIE, IR LRI (o5 RS T MV 2 A A
RWEEZ —. R, MREIA KSR 80 S i 5.
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i PR UR 3 2R AR R R AR .
150°C LA By 2R F &, K EHEn
A K AT HE 1786 2% A A (Duchane, 1996; Lund and
Boyd, 2016), 90~150°CHJ 1L Fl 25~90 °C 1) Ik Hb
HUVESEFMANE, ZHAF T, Fifg. 75 . it
W il V& YT 7755 7 1T . 25 C LU iR Z iR, w]
FI PR FIK PR | H1¥ . B4 E e
PETT KA A AN S5 & T . fErg & H; At .
ARACHLRE 5375, B4R B PO HIX BRIR 59T
FR(EHIRAE, 2000),

H Al F [ 24 5% 5 45 48 0] ] 5 47 5 b o AR
0.21 AZMi, o 7K B b G5 I T A b v S
415 Jimfi, JFRFRA 0.2%, 1RIZHEER HHITS
FRUERE 1 600 T, JFRAH 2.3%, HLABEIIT &
R 1 E Ko 7K SR A 02 J5OR O 20, bk
KHLE 0.5%, BEHCRIE (5 32.70%, EIFEESR SR
i 32.32%, FRAE & 2.55%, FiHE L 17.93%, T
LA 5 0.44%, Hifth i 13.56%(18 5)., 1% )2 Hi A BE
BEUETT 2 A 7 2 2N RE IV
3.1 H#EHE

PR N3 T A A b A R R 32 O3 A1 E T R R
AR UTIEEHIX, SLHMET 996 71T . il
TR TSR 846 T I, KR MBI &
W1 150 T TH. HET, B4FEK M EAE 800 12
BE, AT 2015 45 1 THAERY 1.5%. 20 4
70 AR, EJEFTERCE I AL AR
FEB R P s, B HLAY 28,18 MW, H
HE U R LAY i 25.18 MW, R4
41,095 x 107 m’ Jii st . EE 130~170°C KR, H
2005 4F | 2006 4, 2007 4-H1 2008 411 & H & 43 1]
1154, 1.261, 1.158 fl 1.436 /2 kWh, A5
rmicsk, FAGHRTH 2014 4 2 kR E
31.1 ¢ kWh, Ff g% i $2 45 K & f g B8R,
B 7 g H Y A AR L R Y 40%, AR 60%.

Toll A ) %

5 KHRBMAFLFAATR
Fig. 5 Exploitation and utilization methods of
geothermal resources of hydrothermal type

1970 45" 7 32 91 422 g 55 — e b A 360 L 3y, HLAHL TN
K 0.01 71 kW, RfSFERACERE . AR )
MK LLPEE N T PG | 1L AR G S e Ny
T PG L , BAHLA I 50~300 kW, ECEEHLEY
it 1.55 MW, 1 70 4505 19, 3% = A Hh IR s %
HUJ TR 5 ANRRSE RS, BAREIR IR B K
PR, (A2 ks AN E R S BT E R KR
JRHL T K L) T BLE 2008 4E, A LA
15147 o BRI AR =F I 300 kW [ — > #t
W TEIB AT .
3.2 HHEENA

F S — A LA A TR b B B R R A A
10 AR E AT LLRAE 10%3 S K,
Har L B A s LA i - i e R 2w,
ZHFARE RIS . Tl . B IRE . R IET SRS
Tl o

AEFTY LD 2 T PR T ) 2 = BT,
K FATR st AT AL 2 16T A 8 875 T m?, IR
EHEPEEHERR AN 4.3 /2 m*. TRJZ HIPAE VU 325
FAFBERZ v o T 7 2 M A BE R IR T & R ke
e, PCEHORIAESE GG T 20 H22 80 4R, 90 4F
AR . T S S AR — AR T

PR DRSS AR R )2 MR B ST vk . 2000 4,
) M VR PR ) TR R AT BLA 10 7 m®, 2004 4F
N FHTE AR 767 J7 m®, & 2009 4E 4 BH AT AL RE AR
ik 5462 75 m%, dLE 2 100 J7 m?, 4 [ ) i A
1.007 2 m?, F24FHIhE 5210 MW, Ho 7R R
43 AN E R RIS . 2015 A, 4 b YR A4
T RF T RUE 4.3 12 m?, HA R ZE e 1%
ML RO 12.85 GWt, 2010 4E LSRR H4E 2
e R YY) 28%, i THER IR, & E
P T ) FH 1 12 )25 b A U B 3 R A,
hy b B 5 R T B KR 43 (58%), TEFRIE “+
HOMPERZE (AR REI) FHREM 5 12 m® Hiik
HERZ A, b AT Y ST oK R T 80%

I bR TR e T 77 LT ol % 4 [ 4548 (X
)e FEC LT LA B, 23 siE 0 H +
VR BOAL T o B BB 60%LL E . AR AT A 3t
T S VA TR SR BT 1 600 Kb AT HB IR T T K
FEFREE, dbat. K fRE. AR SRR, B
ELili & 20 244 (X TH)E 47 Db, 8h 7750
W% 300 &b, taibiE AR 550 J7 m?. B b IGE T T K
PRI O A EV AL X B £, b 33%, EE L
26%, IR 19%, Bl 17%, PG 3%, Bk
5 2%,
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4 PG LR 257 BB 4 b
Hi AT YRR T T R K A R AU RE R, T RERK
B, ERABARZMT, BAERHE 10 {20,
o 336 AN HB DL _F 3 2 b AR T D v AR
FRAETTTIE 2.5 A2, T 0K G IR o ORI A4
AIRE 7.5 ACml, b PSR DRHEROR B, TR
IR E SRR R EEAEA . B Co,
Heik 24 A2mdi, Forb g 2 BARE A A A4 T 92D CO,
HEJi 6 A, b FROK B IR A TR AR AT CO, HiE
18420, i 2014 4EFR [E CO, HEAUE 1 30%.
HAl, TR A C TR IR T SR dEE 0.21
e, FRAEI > A ACRHERL 0.5 fZnl, Ay b
SR R R 0 T EL IR 90% DA B IR AT 5K
AR AREIE 9 TI g, WldE CO, 22.5 Ty, A T
HUAF ) e B

5 &

(IR E AT IE A0 )2, WRMREZ, 4y
i B W B R E b v, (A2 M5 . A KT
Bl HUZA TR K SCHE BT 5% S R A R S A S
AR, FREA &R (=150C), HRH
T H BT U (90~150 °C) AR L b B4 FE 15 (<90 °C )y
Fo Hor, iR IR 3 B L RS . TEY
JU TGN 75 4 DX I 3R s B IR = 0 A R
VTR AN 1L b () 280 b, 0 A A 1 i 1) Dy 24 7y
AR b R — FRERRASEARIN, A3 A A FE R ) S K AT
FRZE M1 M A BT PRAR SR A5 10T 22 . JREER .
GyAT)T, P TR BE R RS, Ml BB VR R,
SR I PRI 0 B R L IX

) Fk E M AR AT R EE, B EER R
2334 4b, HBHTTFRF 5 818 R 7K HRIR b P 5
Prapruelt 12 500 {20, R4 0] R T G br A
18.65 fmli, M4 FIFE 2015 HMHRIEFEN 50%,
VG e b DX R b AR U R LV o 712 TR, oS
4 [ R AR IR R BV I 84.1%, A A =
Tk b BT RO A, A E VG b X R T BROR
336 NHbGRLLF T VR 2 AR B IR AR AR T TR
PratrEE 7 420, 24 TR E 2015 4R TEFER
19%; T#A s o T S hn e 856 J7 4 n,
WHEXR, JFERIS) .

Q)R B A A S IR T A S5 000 Z4EMY
J /NG I L w1 D22 B: LB RS E TN () T e
— o mirFR FE H ATE UR A AR R T A b o A
0.21 {215, JLrp K I b A 0% U5 A F ST & s oA
415 JT, FFRFBALK 0.2%, 1RIZHPEEFR] &3
GFRAERE 1 600 T, FFRZAN 2.3%, HIFABTIE

HFRFAEIE R,

(4)HBFATE PR T e L R AL BETR, 1Y RE
HORULE AE A BARZEAFT, BAERTITH 10 20,
Forb 336 AN ML B IR T R A AE B IR v Ok
BEAE AT 2.5 S, MR BAOK BT IR e 8OR) A A
AIYTRRE 7.5 M M EATE PR RCR B, T 7k
it B AHE I P R A B AR

it At ERAFTRATIFMITXAEL X548
X Moy A5 B AL I T SRR TR @ AR A 6 A B
F RGP B 3R IR K SR BRI 3BT R BT I
MR R . EHTWEIEAART R . REB TR A
AR FAELFHERBH T @AF .
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