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ABSTRACT The geothermal resource has some advantages in energy-saving and emission-reduction. They include enormous
reserves, high energy utilization efficiency, and low-cost operation and have played an important role in achieving the targets of carbon
peak and carbon neutrality as the only renewable-clean energy on the planet that is not affected by weather and seasons. A systematical
analysis of the developing courses and new progress of foreign countries’ middle-deep high-temperature geothermal resources was
carried out to analyze the occurrence characteristics and development status of high-temperature geothermal resources. Furthermore, in
comparison to the development of high-temperature geothermal resources in China, several suggestions which may provide a reference
for the utilization of middle-deep geothermal resources in China are put forward for the actual demands. Conventional hydrothermal
geothermal resources in China generally have mature power technology and significant potential. However, in comparison to the total
resources, geothermal resources in China have a low development degree and significant development potential. Significantly, a variety

of rare mineral resources are associated with geothermal fluids in China, but some issues exist in the development of the associated
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mineral resources in high-temperature geothermal fluids, such as unclear trace element distribution and development potential, resulting
in a low level of resource development. Consequently, based on the potential evaluation of the associated mineral resources,
comprehensive utilization of the associated mineral resources in deep geothermal fluids should be strengthened. High-temperature heat
harm has become a significant problem as engineering construction in the high-temperature geothermal area has advanced, and the
mining depth of mineral resources has gradually increased. The high-temperature heat harm not only has a serious impact on the health
of workers but also impedes the construction process and raises costs. However, the resource attribute of high-temperature heat harm, on
the other hand, has received little attention. Hence, there is relatively little research on the “resource utilization of heat energy” in deep
mines and engineering construction, resulting in the waste of geothermal resources. Based on the potential evaluation of “heat harm
resources,” more attention should be paid to the utilization of “heat harm resources” in engineering construction and “ore-thermal co-
mining” in deep mines, as well as actively developing high-temperature heat harm resource utilization technology. In general, more
attention should be paid to the development of China’s middle-depth geothermal resources. The development of an enhanced geothermal
system based on conventional hydrothermal geothermal resources could be more effective. Furthermore, geothermal resource utilization
should not be limited to geothermal fluid; associated mineral resources and high-temperature heat-harm resources have enormous
resource potential as well.

KEY WORDS geothermal resources in middle and deep layers; hydrothermal type; EGS; rare metals; resource utilization of heat harm

UTAF R, fE AR AE U A A0 XURR” H b 4
B, 1 RE IR A X TR A B EARE L B
A S AURE 25 355 T AE TR AT H5 A= RE IR A4 I 2 ) A
St B2 T E VA e ) 2 ok T, R M BRE
JEME— N2 KA T AR R 4 L BRAR 4 A AT
FHA TR I RE IR, I LR fif i RETRM AR
i B AT AR AN BECHE SRS, HATE 200
T RE IR TG T Ay A i P,

R 2 MR B R 2O R K VR R AR G
1384 56k 50 i AR 8 RIS, A EE ) s BB TR
o, HRA MR R BT KZF . ik —2
T PR MR G DR R R A A R B, AR 3
TE 22 490 it 3L [ 471 rh O 2 b A % U A e ok A A SR i
PERE A L, 45 G [ I A BT IROT e B
AR, X P R = M AR S i A R R R gk
AT 3 PG UR R . EGS e 45 R 2 . b AR
PR A B IR S S R R S
AR B Y A SRR SE MG R T TR
G503 M, LAY O 3 o %)= M AR BT RO e R 4
B S HG 7R

1 HR = P 3 R i

HR A AL B 1 B R WRAE SR A R L
il 45 PR 3 R T T A TR I R AN [A], b A
PP A 2 R oy 207 2 Mufflert™® # 3 P14 38
FOKE T IR 20 5 558 8 ROK IR G S A
A ) i 75 b B U B SR8 1 R A A SR A G AR
SRR IR; HJS Muffler A1 Cataldi®™ X AKHEi%)Z
T g b B 5 R 3 SRy ARl b A R (T<90 C) |
rF IR H B TR (T=90~150 °C ) Fil 25 1 Hi #4028 ( 7>

150 °C). A2 AR Lk4R T AS [R) 6 T 2 SRR,
T 3% 72 2010 47 H i i A4 98 15 1 5 6 4 00
) E Z AR HE(GB1615—89) H ¥ 11 T Muffler 1Y
X435 52,

% 1 B [ i R G 1 BB ERAE . B R AT
DL B & A 7 ARG B0, 5 AT L BEE AT A
B 75 vk 2 (L BRE + = TR ) B (b A R 5
B2 FL ) R R 4 2 1R )2 MR TR L K B b A
RPN T HOE =R VR R P U A E IR
R MR 200 m R EEVE B N, A6 TR 4k
oA AR AR H AR AR ORI H (1 s 3 gE D, TR 2
MR HAE ARz IRER S L JF &R A
Xof A7 BRI B A IR A5 R A, A T TR B AT Ml X A 2
U RIS 2 V4 A5 TG R A EE AR . KA
M PTEUR, — 4R DL HOKE 03 7E 200~3000 m
TR B N B R R, AT T B S LR
B T, IR S K8 S AP R
T 1 S5 2R RN b A R AR AR AR T, AT R A
A3 FE AR R B30 Gk b 9 kL i Bl X DU R/
IR Ry T B RR A IR | DX TR K T
SR S W7 R R Y | 5 R X R Y
S ol RRUE XA T 55 A G 0 W7 I 2 b A0 001 K
SRR b P R B 1 B R AR G 3
BE, TEHUBE | BT RESE . A FP A AN Tl & v %
GUEARA T Z M, CFEGET BRI LOE, BT
HAR K HLA X R BRIt 345 e T 4Bk
BLERM )2 KB B FHRE R ESA
TR TP P8 bR A5 7 AR AE S L. R, A
SEEAR T SCRUBE SCRREAS T 2 ORI LA X
A3UOL AR 4R T R (A A



BOBIAE: IR )E MR AR AL | S IR K R B

- 1625 -

Hi B AT DL, AR B D R Y 22 5, MR R Y
53 J7 58 TP 5 K W A A A ), A A —
SE MG, 0K M ZR GE R S — A A X 0 ST 1
Ji B TR % I8, AR R R S 2R 5, T
R R S M PR U AR DX, AT K PR AN A 4
T 3t B BT IR S8 — A & B 02 AR BRI LHE

2 HREMHHRFEFZFAIIK

R )2 M P VR S 44 RN S K TR AT LAGE B 3
20 22 ARFE R B AR AR R, o2 M A4 5 R
HHHRTT & AT LA 43 Ry A B 7K R TR 1l 3R 2R G0 R i 72
RGP R, EGK AR ARG KB %
KIET 100 ZAER P s, B L s 1 EGS
Rl T & 19 TR 0 o L B IR R, AN AR B T
A E. PEAE T BREE X 3 ~ 10 km 23 58 (19 %
S b P YR R 2l 4.95% 10" t bREME, A2 T
S ER T A B R L A AR SRR 4 K RE Y
3015, UL, % EAHLEIT R T — R 518 EGS /8
TRE, DA A VR0 i IR PR VR T & A R Y
21 ESNFREHMPREZEFLMEZRITRE

TS B R L LR IR T B KR, 1904 48
KANEPGALFB A HfE TR B sy T B3 —
PLAE RN 10 kW A SC 50 M s 0 & AL, - F 1913
AP R T AL — AR R M M AR R L, FR T
A K LRI ARG SETT (6 1), PSR % M A Ay
T e L KL X, BOE 52 A 58 R
WG A K, B AR T 282 —. B
2T 1950 4F7E Mairakei #2571 5 155 AR
FL 3, T A A BTV 22 6 K 250 km, BE 50 km
(1) iy 30 S X rp AV o R M R K A R R
J8 25 A5 2 A, b RS B e TR BE T GA 270 €. B
2 fe i 2R R i E R 22—, 1922 4F,
FER UL X TF & T 58 — 1 S, IF 46 AL
Hiy A ZE VR AR B RN K Bl /N BUZE VR ML & L, (RO R i
RGNS, B 1960 45 A H B T 1Z 1 1Y 55— JA2 b AR
b R R A L TN B s
Hr i AR . 5 S T B AT T AR GA 185 km?, HEER
Py BB R ML DL R 8 km AL AR 2 Hy 20 km Y
PR R L R, BT, 9% E b AR A G
r A& L, ) 2005 AEEHIA T 209 S H R K H
BLAL, ot A b % B AL A e Y 40% DL L, Mk

201 EAME SR IR I & i ot B Al 07
F1 R ALK I mR PR HL
Table1 World’s typical “conventional hydrothermal” high-temperature geothermal power plants
. Reservoir . Installed Start
Name Country Location temperature/C Type Medium capacity/ MW date Status Remarks
. . The oldest geothermal
Larderello Ttaly Tuscany 350 Magmatic type Dry steam 769 1913 Ongoing power plant
Wairakei New Zealand Pauto, North 266 Modern Wet steam 140 1958  Ongoing The first wet steam
Island volcanic type geothermal power plant
. . . . The first geothermal power

Gaithers America  Sonoma, CA 250 Magmatic type Dry steam 200 1960  Ongoing plant in America

o S Albay . . The largest geothermal power
Tiwi Philippines Province 315 Magmatic type Wet steam 330 1979  Ongoing plant in the Philippines
. Hell’s Gate Modern . The largest geothermal power
Olkaria Kenya National Park 235 volcanic type Hot water 727 1981  Ongoing plant in Africa

Hellisheidi  Iceland Henger >230 Mo@em Hot water 303 2006  Ongoing The largest £¢ othermal power

volcanic type  and steam plant in Iceland

Pasirwangi
Darajat Indonesia District, garut,  225-245 Moc}em Dry steam 255 2007  Ongoing The second—largest geothemal
volcanic type power plant in Indonesia
West Java
Tapanuli Utara

Sarulla Indonesia North Sumatra >250 Mo@em Hot water 330 2017  Ongoing The largest geotherma} power

province volcanic type plant in Indonesia
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T A HL Y, BERLAS AT 271 FT 330 MW.
B JE A7 5 $ 307 440 33 35100 AR e o, 20T AR LI B
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PR 2 0. 1977 4F, JEAERSE — HEb L
i IRE T, PR T IE R R R Iy, B S
120 Z4EHL, RSB T 6 JEH AR k. AR
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Fig.1  Top 10 countries with the most installed geothermal power
capacity in 2015-2020
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