ISSN:2309845 7
20226 8

o d P Y

HFH CHINA GEOTHERMAL ENERGY

— = 5
1B A IR SAHE IR LIERARSWRERR | AR TALAERERS
gt P08 | swecosmemEms P20 | mukmssg P25

FREDA: HHEMARRREHMRAEEIRAR ik HERATIEED 62-63 B4 KE 8 1% B ARM 20 7T



ve o9 shad —
9°05%% AR
%90 0® CECEP Consulting Co.,Ltd.

gi@?ﬂ%ﬁ | Green Industry Think Tank

FHREEHERAERTETRIAREALNSDFETUNETHEARGEUEEARSNEEFLAE, BNEZEARTE
£, A "hETREMREALN S UHARP L X—F I EENRIRES. A58 2002 FRAMZHFE, RERAEET MR
WA BERROBZRHBEARMEHRSOES, ANtEOERIMSEERLRMG. BEFRNERETRSILCEER
5.

EFR, RETHAHERSRETREFRTEEENEER. RERNKARTE, RIEXBRE, HTERIRS. BHE
REE, SKGE, EFERMFRIRE. TP, BRDRIFEESIEFRT XERBEiE.

AERITFREIERSS 6500 ]I, MEPRIZEMET 9000 27, AHETRAMRNFZEERENSENRIFEE, ®
ENDHRARAEN "EE" . ATREEE, ARAHARE. MEBMAREITA "+—R" PRt HEA M.

B 2009 Fig, AEZREAANTEE, ENFKBERZ "hREVTEESFENFO" EIR. BEES, YTFRIINEE
RS, ERESGREEMAREARSRREE.

mmn

TGO RS E

(201am)

{S#6: consulting@cecep.cn HR%E: 100082
ELiE: (010)83052158 f£HE: (010)83052159

‘ k. EETHEREXEEIERE2S T RERBARE16 2
Mk : www.consulting.cecep.cn




P =3
?EI‘JK = | Awards & Recognitions

(BRTIRSEVERATREAFERBTEITERE) Rk 201 7TFERRIERBIEEARR—SR"
(BERBLFESKOGERELERGPPPIIE) KK "2016-2017FE REMNFILESARR—FR"
(AWM K TTERARBREZAFEIRE) 5% "2016-2017FE RERF LIRS HRR=SL"
Gt IR AR —HIENERBERGSITFGHIRE) KK 2016 FHILERNFTIESHARR-SER"
(KRBILER ZHA2x660MWH B T2 B RBREITFMERE) RiK "2016FHItERBEIREERRMFIR"
FHRERFRBITESREBMAN "2015EERFSIEKE"
(BETFREEERRERNT W ERENRMITEM) KK 2015 EEIRHHREIEEAMR—SR"
(REERTEREIFIFNERER) F3K "2015 FELFHRAFTIESEARRE=SR"

-

Policy and Research Analysis

BERE TR

Planning Consulting

X &8

Green Financial Services

REERIIRS
Engineering Consulting
Ti&&Ae

Third-party Services

H=755

Technology Dissemination

FNHE

Information System Services

SRR

Scopes Of Business | ?\2{ []%;EE’\JH%

ZEAER]. ERAaREEIVRMEE FRTEE. MR, K. HERSN
BABERIEM. BARRE, TUAERRREE URTWIR, RRSHES5HE
B, BENE. GERREERSHTENERMAR.

Tl RRE. RETERGER. BREF. BRKRRE. HERETRFA. RBE
. BBERRE. THEH. BB, BAREEIRLARS.

FETHEERAR. KESBSHEREAL. SFBERMRARNBXITMER
5. ZBERARE. FENERZRUTUHERR. FEMEEEEN. KEMAE
BN, ESG RERS. SRNBASKBERAITEREABRRSZBIERWT
. TRNLEBERIRITERBEBRRIELNE. FEREAF=FTMHIA
I, SeRSFFEBIRERTME.

BRENSHR. RERNBRATANRESITE. BERF-KREATE T
S5HE. NEREE)HBERERHSITHG. ISRITMEEE. BESERE
i\, WEEFM.

ERBMEL 2 BRIRZE =77 RHBERIRFT. BEETHR. TEE
Bz, BRESFERNTURS.

FERIBTRE. R, RREAKE BEREA TWHERATIRRR %, &
BRESFERNTIRS.

AERBHE]. EWRIHALRTEAMGESEEUERRR, ARG
FEEMIBRRHEITHRER.




BERNXcREDASIRLS

7 EVER SOURCE SCIENCE &TECHNOLOGY DEVELOPMENT GROUP CO.LTD.

R RBRUBELELAFRLE (HHRFRLAD ), AYDSUARLALAEATOY BRRUF 2
BRLENFELE (FRLT S5 8128 HK, &P DAY ) AREAGH BT LR EIH,

Ever Source Science and Technology Development Group Co. Ltd. (HYY Group) is the Beijing Head Office for science and
technology development owned by China Geothermal Industry Development Group Ltd. (HKEx: 08128, China Geothermal) which

is subordinate to the China Energy Conservation and Environment Protection Group.

PEZRR—AGWEREET, BARLALETARHARTLRE (R) RHE A BEAFAR
BRoMMEMT ; BT RABAGT UL L; FAEABREERT 2AHHBH X KA A X ERE
HAERDARBE LA )W RA GRS H 2T 2 H AL EXRERAR REEAT 2HBHBAX
ARFDERFHFOHES .

With integrated administrative framework of Beijing and Hong Kong offices, the HYY Group is fully engaged in the R&D and market
promotion of using shallow ground source (heat) energy as the substitute energy source of heating for buildings; in industrialized
development of its original technology; to the upgrading of traditional heating industry into a new industry of integrated combustion-

free heating and cooling with ground source energy; and in pioneering ways to improve ecological construction and curb haze in China.

o RTITHEN:
Code of Conduct :
REE—, IESR
With safety first, standard speaks
FLFLESHT RS, RRESHNEL

To form a solid foundation, to make all strategies practicable

RREMEHSE, BRITFEE—X

All develop sense of responsibility,and achieve pleasure at work

o FMIMFEE: KL, BlFT
Our Mission: Pragmatism and Innovation

o IMIER: ASBERFIELE
Our Pursue: Harmonious Coexistence of Human and Nature

® FMWER: AU EZSmENER
Our Dedication: Improve comfort level of the people’s livelihood

¢ BIMES: ROMEERERALI I EE—ILX B EARNYHBOBNER; #—PxE
BERRmMIUDREIFRA; W, MO FRLEE TR AR A EEME (R) ; KRR
HRERS —IRMERIFT L
Our Vision: Work for greater industrialized development of the original technology for ground source energy
collection, while promoting the use of shallow ground energy as the substitute energy of heating for buildings;
furthering scientific utilization of energies by grades; propelling combustion-free intelligent heating (cooling) for

buildings with ground source energy; and forcefully boosting the new industry of integrated heating and cooling with
ground source energy.
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THE APPLICATION OF
THERMOSTATIC THERMAL RESPONSE
EXPERIMENT IN DESIGN OF BURIED
PIPE HEAT EXCHANGERS

e ®R 7, R, BN, TED BIRFES, R, MBS
(1. REEAZE (6R ) IR SNE TIES R, 46 10083; 2. EzE KENa TR AR S
1, 65 10083; 3. ;T bEHE B IETARN , jadt&fE, 067000)

i E . sTAmNERE ZNAEMRERARRIGITE, BRGNS RS
ST HIEERASERNIRITRE X BIER. AXHWALR —ERTERIL T REN
200 m B9 U B EEMIEE W HA BIEREZAMN KR, Szl HTE FTHR
MEZFRRETTRED, RE|ELMRME. &/ BAORET L. BFIMATLER
REERMAESFTSH, HMREFELIERE ELMESARBNABRFIAES .
AN EHRN T IERERMNSEINTIE, HIWERERITIVIEDT, ATAMEBERARR
gt iRMESE, ENEERNTHERZERMANH G A MIEERASFIRIT R
YL Ao

*EEEN: R (1959-), 5B, AKEFMEHA, R, B8, FEIERRL.

E2E: EREANFESERME (HS: 41430318); EREBRARITHERGME (4S: 2016YFC0801801); EREBAMFESR (RS
41672222, 41702261, 41877186); FRSRERRMISZEINE (fwS: 2010YD02); FEMRIZEMAREERME S SHEEIRE
(202008F024).
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MABKA, RILRMFLBIRAEENRE Y
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REBENIR P, EULREUERINE T HESE,
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BRlE LA LI R IRE L BRI SR
RAEMIGERE, CREMNRANEENG . BM
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H—ESE IR,

1. 1ERERIMRN RISIRIC T R S Mt (N a8

1.1 LE/RIE

AT AMESBIER—TRYIEER, Tt
SEGHITHRARZIRRL, HRQETRER
AIEE, 1EREREIIIAENMIEE RARIET
TR, MHE R E ARSI HREE BT %o
HE1TUEH, REZTEMARMM (HF
AIREENS ) E, BEENTIMT, BTN (4H0)
FHRTEEST (18T ) M T HIBMERE, &iE
TIESEERNREZ EEERBRER, XM
# T BEIZMR N PR EEEEE—ENT,
XM T T IENEEMN, ENSESHTER
BENME RIRE —NEEE RS, XEMRATLL
RENEETIYRENLNEE, EHTNGH
TRAMMSNR, KBS THHEMES
RISERREE SR, AEOS B AT TIiEa L,
FARSEOEIIRHEN, EHIREIRASRMNIG
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1.2 5 AR R A&
IER AR B AR IEENHENRE, BYRENMBERAS[ZTIN, £6H. DKEERE
IR, RIBEMIEERAROMMAE. AR (1) :

Q = C pvAt (1)

IR D Q—IIRRIHE, W

C— KRR, 4.2X10°J/(Kg - °C) ;
p—KBZE, 1.0X10°Kg/m3 ;
v—rfE, m’/h;

A t—#HHKERE, °Co

LRI R YR A ZEIRARIEE RASC AR RN, HYIES XA, HEESSE,
[Tz AT HEARM MEE ARSI, EREARMNNIREERRT R U R R BEARESE

ME, EFRENRSHEME, FAKNREIHTRETE, IIREHILNTEYRESRIA. SHILR
FE Rb 2%, HAFRBEHEAR 2) 0T :
) 0 1 4a
Iy = 4mAH In(t) + [ﬁ (m (ln (E) N }/) + Rb) + T‘””'] )

®ep T, —FIYEE, °C;
A—ABYBWE, mYs;
O—MANE, W;
H—B¥IF, m;

AI—SHREH, W/(meK) ;
y—RhI 23, 0.5772;
R,——SHHME, meK/W ;

T,,—LIERWIRRE, °C;
rb_¥LEI‘J¥’T§’ Mo

BT HARENTIYRE SR ER BANRMIEL, XRXA (3), RIEVRERME AR

FIRESHERT SN R AL (B EAEL ), BEZHEANRIE K, FTHAT (6) RERREK, HA
HSHAT (7), HAE—RFIERENERTER,
Tr=kin(t)+m 3)
==l
_Q
k= @)

10
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m=g (e (n(5) = 7) + Ro) + T g
_Q

AmkH (6)
ITREHFLAM

_ (C_T.s‘ur) . 1 4_0-’ .
Ry = acH  4mig [In (Tﬁ) vl )
RIEAR (6) ITEIERBERE :

o Tfmax(t)_Tsur

e — T At (8)

f it

RIEAR (7) HEEKEARELVE !

Tfmin(t)_Tsur 9
Ap m# Tp s Tour Qeiep ©)
X C,—1EERECERNTIENTILARS, J/(kg . °C);

G xR TR HPURAN R AIFLRFRE, W/m
Qe AL EHFARENEAFLARERE, W/m;
O EY*;’LI/REiﬁmx;mﬁﬂﬁiﬁﬂmﬁymg, W/m ;
Tre—— HAREIRI TRNEIERE, °

T o ﬁkmzﬁWPmIT’EI/EETE'J:FVJ/Jmf;,
Tpin— B MANATE L RN EIRE, °Co

RIE CRBEHABERIZTIFNIE) (DZ/T0225-2009) MR A, FHFLERIBASITELARAT :

_ 21"fL|tJ_—t4-|
b= N T M I P (10)
A1 T2 Az Tz A3 T3

IR DA, HUEEMRIAIASZER, W/mek (PE B9 0.42 W/mek) ;
AL R EIERIBIATER, W/mek ;
I ARLAEE LA TEIRFTE, W/mek;
L— B ERAERE, m;

r— HBEERMEFRFE, m, WU NERRT41E;
r—HIBERMNEMRIMNZ, m, FRFZF (1 MEMEE ;

11
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AL FIIFE, m;

r,——RPREFMMFE, m, BRO0.5m;
{,——HIRERRARRTRE (AR REN 35 °C, IRFATIRER 4°C) ;
t—REFMFRZINE L ERIERE.

1.3 Widig&
AIERIHEE LA 1, ZR X EBEE BehiEH RS BoiRERS. BIIPIRE. H2RE KR,
e, RERRSE. ENERFIKE. K125 AMNNHERARIET.

2K

@0
® [EHfERK2E

o REMKE

U HEE

shFLAL A

1. 53R i Hhma B i i 5% B
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3 1 DR-40 & L #ma Rt (L EBH A IEHF

Wer s BN E=TE eI HE
HMINE, SATHE /
SIS
DA 36 KW T8, 24 kW &T38 /
B, BAFE /
A E z
EshkR 1-12m¥h &4, 30m /
——— =1F EE
0-30A 1.04%
BEERS 2 i
-50 ~ +100°C +0.15°C
B i
TBER
L kas 0~ 12 m¥h 0.5 %
g*n *EE
EHEmS — ;
0~ 1.6 MPA 10 PA

2. i73thith LR R iR SR H S ¥

ZiARpH, MAENEURKGARMKFRESETRENER, EEAPEREERM, B TGRS HAE
TEES, BRFE, HREEE 6600 m Lk, L 200 m RELURNME B LM ™ RRIE DRI
A (0 m-2.10 m). FEOASERIFEL (2.10 m-14.52 m). T RPFEFHAIE (14.52 m-20.00 m). £k
T R2BPFEMARRE (20.00 m-55.51 m). T RPHRELLALAZIE (55.51 m-105.47 m). K& FRAR
£ (105.47 m-200 m)s

KBRS - FERAMBERTLIEK, EMAINGA. TR EMFEGEE, BEEMERMRATL
BRok. Fka. WIFEMALSHEXERESHRKREKE, RIERKREEMNEZKE.

WIWFH IR 200 m, 0-24 m HFLEHN 325 mm ; 24-200 m HFLE R 235 mm. I FH 0-24m T A
5mm BE[E 325mm BANE, WU HIEERMEEN PEE (DN32 mm, REFE 26 mm, BE 6 mm), [E
SEMR R,

3. [ERERMMMN LRGSR E S

MR EBITIER, ZORFEHT T LANBMRENE 1 AEF TR (188535 °C) 1 HELFTR (18
w4 °C ) 3t 3 AR 1SS

3.1 AT
RIFA TR RMZHEE, #THEERASF RN, HIEHRA PEEW U HIEEHRA

13
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28, SKERRAFALSERINT @ SAFLAFLFLIE 235 mm, FFUREABAMELT 203 m, #ASIEIRRE
200 mo EEAVERKIAE  IBEEY / RUKOZRMN IR EEERTRG, ERBMITER, KE
BESRAE 1.2 Mpa, XHABLERE, RE 30 min, BEEMNER. RETRERIEAE SN EERE,
BIIERARGREKHITARZRHE, RETEMELR, TRKIAR. i EEBIRGBREEM
RRAIE, BEL 20mm, KEFIMNIREERTER, WURIREEHTHITTRE, TIREHRET.

3.2 ERARSHE
GURARZAZTIERAME) F 4.3.9 Tish, MEERAFERNRANRIEZRT. EExW

HHIBERMARASHITHE, —RAEHZZNEFEELH 5. N TEAERNERFIRE, FIFUR
SHIEFRBHEBAZAERL, EELZ7 2000, KFESHESGTEAR (11) RBRAXSH, AIHERER
HKREBIRER 1.5 m°/h

Re = Y4p _ Y4 (11)

A Re—FIEE;
v—RARIE, m/s;
d—ERRE, m;
p—RIEEE, kg/m’;

u— AN NEE, Pass
v——RIKBIBEHAERE, mm?/s

3.3 #4EithiRN

ELVEMER —SHERHES T AYIENCESHz —, HABEERRZMES T RBENELSHR
ABHE. SR, MEERASHNTIIEESET FITREREEZRCENENS, FAELH
MIEHEE N E 3T FH2 B ARSI HELEE ¥,

A3CE T ERNIR T ARBIR L ENE, AlXatEERASZAEFRFHKHKE 48 h,
EARMASRME L. AEN, FAKRBKEEERNEIIRG, EEEETRERSESELEE
AT, HETHUBENACREIAE LR TIRE . RIBIERFEHEHHG, ATUIRTE PE N U 12
BREERER 1.5 m3/h, IF4517 23 h, BEEKBRFRERS, EEME ", MidehZmEFR, i#.
HKERFITRER 16 h &, EXRLTRARENRS, #/ HKEFIYBREREXE 12.2 °C, BIELG
89 12.2 °Co
3.4 [ERZEE T AMMIRIEEINE FMEFLEER IR

(1) EE#IKREN 35 CHEFTRANMR L

ETAMNSREEME TR, SEEEH#MERE 35 °C, WE L=1.5 m3/h, Mid#FEeEta) 58 h,

14
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16 : : : : : 3.00
: ‘ : ' — KR
: : : : . — HWKEIRE g5
’ ' : : — W&
- 2.50
14 -
- 2.25
- 2.00
£
1 mE
s 1_75 ~
i
= - 1.50 s
- 1.25
- 1.00
9 —
- 0.75
ST T T T T T T T T T T T 05
0 2 4 6 8 10 12 14 16 18 20 22 24

BfTE (h)
[E] 2. HhdE i HhER 5 1 0 B R st P

IRERSEIA 49 he MiEBEHLKEE. FHRE. RE. WXRUNEFTR,. HPEFRLNINR, BEIE
ERE (T=35 °C) WERTHATENRLREE, RIEAT Q=CmAT FEIKHAVRAE (BIHAIIER )
MEHREE, EFETRIET I M\HE, #HEMIREETRE, XERTEF TRIRERKREN 35 °C,
STELEE 12.2 °C, MEREN 22.8 °C, FEARMN N INA—RI B4R TE, &EE
THRE. EFFfLE 7.5 /)RR REIE R TIAMRENS . BHRER, #HRERENEEY 12 h,
R ERIRIE T

BASERMAEBRE L AWEEGEEN— NS, HERESARY, HEERREHGILRAE
RE7], BMIEEMAR/IKITNEESZ KR, WNEFR, BASERRAEERRA, EEURERKE
MRAME, XERTFEFTTRHKERET R 35°C, SAEELERERK, RIBEEEHTER, AELE
HRERAK. MEERMNIRNIHETT 10 h LG, RUSERMAEETRERS, XEHTARELEE—
TRE T — N ohS T, RAEERETIEPIOT BORE[E, BB ToHSTE ", SHIBERARE
WRAS BEE XS TERE, STARERMERNEASHRAE, K2 80 Wm fE, MABTRE,
RERNETERIIMEN 80 W/m, &FAF125h, RKEEFIMAREN 84.79 W/m, @ I8 ATA,
AARBFAHT, BEREFAMNELHTESF TR, EOFE 10 h UBEERMEUEANBERT,
ISR ERIE RN T EE HIEKIR LAY IE], A RNt R &R,

15
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(2) EE#HKRERN 4 CHLZFTRMRERN XS

ETAMMNIRBENL TR, GEHACRERN 4 °C, FERN 1.53 m’/h, MHXEHEIL 50 h, R4iE
TESHIE 5 PR, ERELFETHRSREFYRITESE, HATESZ5ESH | HKERET
WEBERY S, MHFLIRRINEN 6.09 kW/ flo EFFIR, R4E1T26h 5, #KERERET 4 °C,
TREREIER 24 B, FEIBER,

EFTR, #ACRES HACREZWHAAE TS, 7126 hi# / HICREEMTEES, RERE
BEARIFE 3.2-3.75 °CAA (71 0.5 h fRS ), XEBETEIAMNNEARE, RMBATRT, =iEN
HEBRGHLERFE-TEEREERNT RS HHEMZEFRESFHERD, FHASHBAREL
BTHAR, HAICRESHACRERE TR, 726 h EEIRERS, #ICRERIFE S °C. HPRGH
ANREEFE 26 h, XERHT#E / HKERER/NZENARGRLERRHERERFRE, HF26h
St GRERAKEIZ B AN AIZTR N5 .

SNEIFFR 6, BIEKMAET WA 26 h EXLTRERS, HRTE4EZTR, BENERK,
KXFEMATRTEH [ HAREER], EREMEERERIE, SARELHRAERD, EEAXEEHE
ST, FERKHNEE, SHREN, LFERILTRMERRARIIRRA 30.45 W/ TEXK, SHEKHR
AEMELLTEEZTRRRK, HEP—AJ?I%iﬁHjK‘}E%H/J\%I’@B’\J, REELHFEELTIRAMERRE, &

HE**LL:_F*HCE’JJD_“%L REER—EER, BARIFIEE. Z—MNRERE T PHEMERENEIR, SR
HKRES AEE T RAVERRIE, Jttiitﬁﬁiﬂ%ﬁﬁ?, AT AR TR E A HRARE TR R G

—— BKERE (C)

4 w%E (C) = 2.7

141 —— HUKERE (C)
] B ('/h) )

— (W) - %4 [~

SEHIhE (kW) 5

— EHEE (0)
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|
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i
-
I 1 1
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3
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FHE R
CURRENT FOCUS

BEEM, ERHRFAT, RULEMATIAT, FE 26 h TEERBERS, #RTEEFIR, BE
BB, 1EEAAONSRIOHREE KATE, 7 ERIEE RN SEI0 Nt E.

50

45 =

—— BEKBRE

0 5 10 15 20 25 30 35 40 45 50

BFIE] (h)
E 6. BRI L SMA TR FTEEXRRAE

4. SRS EHNIRER

BT EREE T AN KPR N EME SRR SHEAEEENLE TR TR RS KR
ANERSEE, KIENHER, FAMALAMERE, REANHTEREITEIREE T AYIESARR LN
AR, PEEXN UMIRERMASF LI AIFANRALERNOT ¢

1) EMEFTRIEEHACRERN 35 °C, RE L5 m’/h MAFHT, RATEKBRANESEER
84.T9W/ REXK, BFLIAAINZEK 16.95 kW,

2) HBRFBEMMLFETREBEEHACREN 4 °C, HE 1.5 m*/h MAKHET, RAIEKIEANESEE
7930.45 W/ JEK, SFLEFAINZERN 6.09 kW,

* 2. AT AR K S

izt LR 3aitiR Mt TR SHRAN e HERIRE | BILIRRE
BEFTR 1.68 0.08 84.79 16.95
PE X U i 203 12.27
BEFTR 1.01 0.09 30.45 6.09
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FHE R
CURRENT FOCUS

EXAMNNR S ARBEEN. AR, ERIVRSELAYESHY, SMEERRENITEES
WiklE, BIFHIRIBNIEERASFAVIRAMLE. AXFBIERES AN AT AN $hLEIT T R
MR, EBLEICMT .

1) 1EEEABN KRR TFEMUANIESHING, EBEMEFTHANLERAIR, FEAKX.
ERBIREAMIE S, N T HIEERASRIRITENEER, HaUENREESIERIRAE,

2) 1EREAIEN LI ESRAVRIN T I EM AR B TR, HIIERAMIR B AT RATL
SRR AL EATR T E, RAFRAEET 10.9 kW/ L, WEHEEIET & VIRHIEX FHlEE iR
P IRIREE T RZIAR A

3) (ERZARIEASLINHE EFHA AR EN B S TR TRRERERE, BIGH#TER AR
WRERKLFEHATRAE ; #THEXSHITEN, BUSFRKNLFNATAARESRE, RS
WMt E £ AWM S HOERIE,

[1] 2#74 . B L Rom 8 R ERILE Bk R X P o9 A D). F45 2R K, 2018(01):52-56.

2] £ . R R 2 R B e Hra st [D]. TR K S, 2014

[3] Kavanaugh S P. Field tests for ground thermal properties——methods and impact on ground—source heat pump
design[J]. Ashrae Transactions, 2000, 106(1): p.851—855.

[4] Mogensen P. Fluid to duct wall heat exchange in duct system heat storages[A]. Proceedings of the International
on Subsurface Heat Storage in Theory and Practice[C]. Stockholm, Sweden, 1983, 652—657.

[5] #aAh . (P B3R A FE AT AR BRI FIARZE )] ABAHL,
2010(18):14—18.

[6] TO&E, ok, 743, Fik A TRAREEGT & LA ENET & D] KR FIR,
2006(03):279—283.

[7] 3fdmr, Eakak, T, TweE, RKT¥% . A TlEEES e R0 ZM KA 5 i D).
KPRt $IR, 2014, 35(02):320-325.

[8] Zaktk . K TleiRk Gl ik od LI AR XA R [D]. RAEKXF, 2012,

[9] Wang H, Qi C, Wang E, et al. Improved equipment of thermal response test of rock soils[]J]. Acta Energiae
Solaris Sinica, 2010.

N0l X5, FEK, TH, 244 LT ELETHBEMNRFT F69T4 U] 2BRET AL
2010 FF RFL#L4E, 2010:1.

[11] W32 W R AR % % TABAILE (DB11/T 1253-2015)[S). b3 : LR TR TH AL EH, 2016

[12] R T . AR R 5 £ e )X R A B A AR [D]. T TS .
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KREILIE
DEVELOPMENT FORUM

LEE R AR S IR B
A WGC2023 Y hE= S

TO MAKE "ACCELERATING THE
DUAL CARBON GOALS THROUGH
GEOTHERMAL SERVICES" THE
HIGHLIGHT OF CHINA IN WGC2023

fBE: Amek
(FEFAGEBRDEMR~ I TFERETRERZER)

REFRAET N 2023 FHFMAKRS, TS T ERATHIR A SR,
Fo H—EHAER RN REHERIAEHTR 2005 FHAMARZELTEH L EF L2
TR REBLE 2023 FHFMAKRE (WGC2023), 7, 83 TEXR 1500 ZUAES R, LHHA
PR SEHEE PR BB A N IR KR
Rt AESNE S 2010 FHEH SRR ZTEENE AT BE R
17, 85 MEXK 2500 ZUREE R, RREHEIR

E Rt A= 1989 F LI, 1995 FEHIHY MHPCEEARRE T RIARS], AL BRE
HRMARZEBERFHBZLFEZED EHAM 12458

ARBNERMAR T AF—RERMAXRER 2015 FH Rt AR S ERAF L FIRAZE

5, K& 20 BB 5 AHEeXXERE T HAEXET 17, 82 MEXK 1600 ZUAERS R, BAFILR

AIBYIE R, ERKABIAR R, AT LR, BRI TIH
2000 FHFRMAXRZE R EF FMENE Rk &8

17, 61 MEK 1700 ZUHEXZ R, BRT/NE 2020 FHHAMARSHE KD ERBRTTE
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13, WEFTHEFER, 2021 & 3-6 BT/
KB, ALRBEEENNEREREAS
SR B AR,

FREB AR S EIGESS

PEMALERAETRE, BUSHEL
THEERS. FEMAEREFAE 1995 Fit7
WRARE ERARKS, HRHHRET ; 82000
FHAMARZIURRBERTES —, B#lH
HeR, mHEE . =. ORNEM. PEHIR
ARERER, BE0ZFR2EITHARSIE,
EEME/ERZR, INELITERRE. i)
MEFELREST 2023 FHFAMAKRI TN,
AV F 21 R PUER— RS BRI TR
PR MIE PR R BB B 498 SR RIS B S IM YT
RBR | FERMAERN AR IEF.

st E] Ja AN bk B AR 52 SR

BYER TR FAIBERRLE,
XEFERNMAFBREKEES . BRSHM
FIBLREIRIAL, PEMPGEZB MR, BIEE
EVFREEAMXLEFTEHENTLET, H
PMBAMEFEITIEFTREBIENEERBB L
7, BRMEERRE SHRBELE, £~
DI EHIRLAR W EFHY,

HAB] LU BRI R B R A (E)SE STk, H
HEREMS WH.

(1) | buRHRE

RASBPANBERR, REEBHEBRERLL
BxRLT—%, BERURERDEBN ALK
HERAERS L, REASBGHERIDZbiR (KB 7K,
ZE) 13115

KBIIn
DEVELOPMENT FORUM

(2) BENZREK

PR KE. KB, ZBRN S MR E
YR, BMINENREEEESR, R
=& 0.72, KEBFEH 0.40, XEB&R0.22, X
FREEYCR A R — SRR & T AN X 8,
BReHhRHEERR 0.14

(3) HHILS SRR

ETF ERMARBIRAZR, FlITASI#F “Fx
HEanmms”, ’RABHEBN 2ME5F~AH
EEIKEHNER FTREE | BRMAEHEA
BILE, RHESGEE 57920 5 M 1877 ;
RASNEEIRZ  BEXMEN3IHFEZ £
MIRRRE1 A% ; BT T2 ; KB 4FT% ; HiR
2F % ZBRT 2 TERI. XMEHHEE
SUARHEE, FRUESSIBORE. WP, XA
SAEZH, ZBEMtRA ZeIRM .

Bl 2023 WHER S

BETE 20 SR EAE tH AR RSB
hEMAER TR, T 7 HFAERNA
iR, ISFNIEEMRHFIFTERPER
TkAESNE N, XEFEXBREARNEKXRL
BXRf, EXFREM L, ] HIEE 2023
AR SBEPEHT=Z R

(1) EXRMPEBARIEMRPM#HE L,
I AEH B ARSI, NWIZFI LAY 2023 57
WAXRZHPERR. RERERBSEEEE(XR
FlRHMARALFMANETER (EXRER
78)) PIREMNEERELRBIR, 52025 F
B MR (F2) EIREL 2020 F1E0 50%.
IR S A B e BEETR, RINFTEE
RE 7,

(2) I3 EFERMALBRITAE ALIZNE
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KREILIE
DEVELOPMENT FORUM

FIRE, MESFRZEZSEZRMARRESR, W
FUEITE R AL B LB EIANEBER A2
&S, B, Mk EHR L BRI AIEK,
BRIABEEEFZER. ZBREFRSEHML T H
ARHBIE EERE. XRAEMATHRERL
BREEBE.

(3) NN IZEEMARFE, BEUR
EEKF, AR GURVE), EOM—TITX
EHAHMITHRGCHBREMAEEER, BF
RMIRSKIH P)EARR, PRUBLRESF, XAFT
Wi, BEEEERBANMAS LEEREM

22

FHATILHEREE, XMEERILERLE
KiE, NMZBAE#H. elFAaE — NMEEmE TR
=18

(4) FARDEF 2023 tH R K= MELTEMIE,
BFEIER At Rt A= 2020+1, REXTR
WIS, EHERAY 10 BkS AN ET, &
17 3-6 BB EF17, BAHAZEIIXRFH M
[ (i, #E) FHE. FHIMREBGI, &
M, ®EIFER.
( E: BXFVEF 2021 56 A (PEMR#AY 24,
AR A



ZEEER

Eﬁﬁﬁ ﬁ%ﬂ

OPENING REMARKS OF THE
2021 GEOTHERMAL INDUSTRY
ENTREPRENEURS' FORUM AND
ALLTANCE ANNUAL MEETING

B AIRE, LA, FKEN: BXE (LUFREIFRECER) . FREE RS Bk SOt
BB, BAEAEAMRERERARSHRIEMM
RREF! TENMMSEWEBHERERD, ST LRFFRA

SR, HAEMASERF WA IHT A MAFIZRERY “2021 s b Al RIS IR EEEX B
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BEBR
POLICY ADVICES

FR2" BRELTEMEMBD LU RZHFMNES
B, ARFERE—Z, BHRHIN AT EHMR
A R BEVFNE, ERARTUERAE, Bk
HMER THERBER. U eHE. RARED.
EFR & FF I,

IEFERAEHMA L IREL R, EREX
FEER RS R T ST R MER.

2016 £3 B, (EXRERBXTEX 2016
FRRTLFESELNRA) REIZMRALF
FAMIABE. EYIRESFHTRER.

2017 £ 12 A, BXHFIREF 3 &8, (X
FINER A R PR BE T & F) B e 4k 77 R IR X
RIS REZENREN) RHTE 2020 F, XE
MARBEEMHR (R) THBHERNA, MNA
KFFERAREN, EEARABEMRR (R)
FERERRER, XE#HR () BREEH
BRI, BXBERNHIMREREE—D 5T
&, AEMAEFNARATFR. ZWIFMNH. X
BIgEGISE. TEREKR. BERSFULER
H—FR2 52K,

2000 1 B, 2EEARRKERKS, (WK
EUBERREALRBIRENZLMEI
REIZ MR B T8 X EBHRE MR R
KRB Ko

2021 £ 2 B, (EXRgEREXTRMH IR
YFEI B REIRMER TIRRVIEAD) 1R HARIRIES i
REEFAF A, EREHRFUREMMEEMRE, %
R DUBER. REHE. KRHYE” R,
RIFBHATZERIE, AR RRUMNFZRE. H
TKESHIRRM, KHESEEH, PXDEE
B, UEFRS5DFHEEEHHE EEFRER
REftAR.

2021 F 9 B, ERANEF/\E KA R
(RF{RHMAREFAFBNETEL) BIF 2
2025 &, BMERREIRETEMTHMMNEET %

24

FABERE, SEMAETAFBERSAITN
HNERERTE, tAEMHEREmIRLE 2020 &£
0 50%, FEERBRFMFHIMXEIE—HHFAEE
LETRBIE ; B 2035 &, HMMAEMHEEADL
2025 EE—&,

MXBENZEHE, BEFETIDFRE
Wk B RMEIFFREHNHENE, FIEME
BBt RIBIT RIS SRIER, HERhFm kA
BEEL, BR#ETIRATE &, BHEWR
EETRS

ARSI, AR, NiB5REK”
RNED, L “BE. KB, HEl. ER ARE,
R H DA W MR F B 5 AR #H
3147 ; IR E. PRESTHREMMETX
F A, tAgE#ME, KT, HBR EI. T
KARERE, HAMERRANRIE. AR,
TES5EE, BRFULLAEBE. B IEWN
RIHEEHFIET. BFHMATINRERES.
ERFAEXEREESIMS. HRT UV ERSHN
. ERNHERBFARIELE. KRER.
HEREE, AR~ WBXBURKKLER
M, EERFEKEZRTA. REET. 5541%
B R ERR,

IRAREWMIRF BT, B TERALRE
BEEMHNANZIHFNEE, ElBERIINEIRSE
TRZENYIBFM RO RG], FERRK=H LU
R FF & U IR R TIRE— 1PN IREBE
B. £XBR. NERMHREFE, 55K
BRESN EWEEHER, EReEF LT A IS
gitE R R, BEEE,

RETA “2021 Rk il ISR B R R
F=” BERHKIN.

HIETASK!

B3 B ) B 4 TR R A E R A
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PROJECT SHOWCASE

FIENMEFRIKRKX:

EREFIF

ZiFfingY 20 &£

Haidian Foreign Language Academy and its Northern

Beijing Campus:

20 YEARS OF PROTECTING
OUR CHILDREN THROUGH
SHALLOW GEOTHERMAL ENERGY

TECHNOLOGY

NERZENYE, EENER, HEE
mE KA, RiERERNEEEERL, TlFe
HKEEohH O, BELIT, AERITHERT
‘“‘CHRmE. ZHERE. REmEES” BRdtRT
WEIMNEIELRBRFERFIRX (UTEMF ‘Rt
RX”) U3t EMSmE S HESER/NER

PR ARE, FAERTHEEEAERZHN
FR, ERHEEIEEFRRICREFNEHR
FEI ESIERREK—EA, ERRIFRER
EERETERSETIIERRXBESR. N T4
FEMHTERBIFREFENFE IR, RIERK
BRAEERKXAZFHNERRER S HEIF R




SERZA
PROJECT SHOWCASE

PUIBERERAL 2 REEMIE, BFH2L,
[EIRYfRIE T FARBV X IEM AETE K, TI8E
BHEX BB
—tIREFIER. 720 ZFH], B
TEIMNEEF R E T R E A SE
B BIEIEIEFREE 2001 FRELZS
EERMRABREAERABENE, AFE
EHFERNFEIINE, EEREFHANSE
HBEF RAHRERER AN NRIEFRE R
B, MR RUFEK BRI £ TE 24 /B HRIK,
20 ZNEMBIEM, BEREENEHER
MM BER R ARG, HRERANIL
IMENMI SRR E T IR REMAIEFE, Bik
FREGIRREINROEINERE,
UL BISHNZETELRERTIE
BXILF 1999 Ry R IR SMEESE
BER, 23" +ZFNERBR BRI
EEHEEH, EERIMESZSIRE, LR
MEEL “MR—EZI", WK EE
ERHBEINEERLF R RTEEER
FRFER, “—E” ERNRIRTEEINEE
SREFRMEL) LE Gl / =it / FAFRE) ,
m “Zu” ENEEENRIERIRK &
EREAFAERTERERX, RILRXALEE
BEACEPESIHX, (T AL RAMEER A
&, S5£RIHEHZRERR.
MEMIZE EE, RIKRXAIMENIR
HeTTE, FMNEEEREKEENHYE. IF
KIE. REERZMHIE, B NFRXA
JFEENTIREGHNAERENE, KRET K
Fizshdiin BE4S 7. WEKIE. PEIKIE.
HuliE. RERIHEDE. FR0tt, £H
StRBHEEHNSAREEDN, ER
EREXEBIEDESTIEHFO, WNEFF
FLOENHEEMNEL, BHEREKT
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EoifAREEENE, BEXABERARcHEETE
E/DAAZ BIK ST B EMA MK B &t E A T
e BARHINZE, RIRKHNFERELE NG
=%, ERBFRENRR.

BT, ItRKERRIRIT+2 A%K, FE
WES. HE. BRE. EREXG. FHXEFIZ
RitAEER, RFtBERT ZF BT R—8XT
WER NI ELRERTIREIE K. AL, FR
EANEHEEESSERE T PRTFMHNRLE, L&
B,

MEFRIERIEREZFIINERIFEEEFEE,
TERIKITINEE — MR DNER [ EEREH
B ABEERER R, BT EERXEZERIZK
AL 20 &, BORBRETIEGRBEA B RAMEE
RERAERNERMS | LEBERR, MHIFR,
24 /NBIFRIK

EEINEEFR AR X — AT B L FEKKO
TmHREIEEERS, BRRXHEL6HE, 81F
IH#/NFEER. 2# REFEER. 34 BIMNRIT. 4 REHKE
i S#HIKERL. BEATE, HELSEAER
59292.93 M, H 2019 & 9 BEENER,

“—IRNTEF, RTEHFH—), AT 8%
Fo” RRMEEX= “—1” FUEAR—HKX—
REBBEAENELR, CREMNEEIAEXNTETEH



S fE. 1FRLEMAETURNAERL, 88
RERATERRIERTERIEERIEREISTER
FREATX=A “—)" NEZ, ERRBRLETEN,
MRXEMRANZFINE N EEUELIFM.

ENMEFNE LB FIFIEFE

BE. BIK & HE BE, RIERK
MEFNEFRAUER2HUNERAE. 17
EFENF IR, BERAMEEREAHRERN
Rt ZIMBKRIEFREKEAZAYITNEE, XA
BERMBERRIMERS, RAHIKE 4 DR
BRERE. 1 PSRRI 22 OEFREH
B AEEREH, KBS ML, S
FBRIIETHNAN, FHERRAYNLEMIE.
BEF2. 2FERHEFFUKRKHIMANE K.

TREHIRIMALL], ERNEFZHNEF.
B EFRMERRKIERS, RIBEIINFRR
E, SERERNRERLITE 18°C-26°CZEfER
BT, PHRLENEETNERNNRETEEN
B3R, EEHRKRFAENBEILE 40-45°C, 24
INBS A B BT K

THEMRF BRI BIR 1844 I

ERLUEKNRIERXANEEET HRIIR
¥, XEFENG T LURZ B IRRIERERTT
ER. EHFENEM EFIRRERENENTR.
TENESFLSHESABEN 22678 5 E,
S58mIPHEELLSETBR 518 FE, TEE
1184 M S HERERRIFLL, SETIE
90.4 M, E/UHHEE 10 BRI AK, BEEZS
{Khix 236.8 M, JRHE—SE LT 0.3 Mo

MESEEZFHIL2HBEN508 A E,
EFHPRTERATREN N 1711 FER,

NS ESY
PROJECT SHOWCASE

RARRBAALEIE, RBEKNELREL, 8FTK
396 M,

ZKEEBEITHMITE, ZMEEBETFIAL
BB MK 38.2kWsh/ nf (& 1400 ABI4SE
oK), BEZ 8.6 kWeh/ mi (BEZHALUNGEZEH
POKFNEEBNENS) , ©EME. BILFIRMEEER
IKFEFEBEN 46.8kWeh/ ni, HEBEREMN 0.52
70 [ kWeh i858, £ F 5178 AN 24.4 7t / m (146
KA, 200 KK, 365 Kk, 90 KH2) o

ERERREE AR AT AEN R

ZI B AR FEFIERMEERERARRE
HMRTEARURNFTENLIE, #ba. KPR
ESHET 25°CHRIRAGE, SMANMARE AR
28, NERRYMHE. B4, REEFRK &
REALSEREBEKIERE, ST RKEDTE,
REFERBERRRE,

ARGHATENAETEZBESARVAL
HEFR B U B I & S E R OK 3B F ik ko4,
LIMAREENEIFF A, B, MEXITE
B ARWTELHHN, BFLUEFRMME LfRE
TERHEEAMBNS, TRERSEMAMAE
XM ENIERT, AISSIINENEKEIEE,
FIETEA 24470/ M, RKKO™ 2018 &
EHPTHEKROTIERR (ER) HANKE
44175 [ m (BIRFAK) T4 44.7%.

Bal, RARX=#AHIEEREMI P, K
REFRSHERFER. PERIHFRELR
BARMARAIN SIS S1E, &7 BRERNE
REZEWE, tZRFINRNAUNEES, K
BREHA, MEBREHBEIFEAMEERER
AEBRE S BEIEEBERIEFHHE, &HA
BT EEMRRFTENKREFE, FAXE
HRTEZFIBI1THIES LR B IF .
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FRERBTAEARKE
IRV R E R R

DISCUSSION AND PROGRESS-
TRACKING OF THE FORMATION
MODEL OF DRY HOT ROCK
RESOURCES IN THE SOUTHEAST
COASTAL ARFA

fe. =20, EXEC, S8, B8M°, kEn®, FRB2

(1. EHEBET AR TR EEY FHEERTHE & [ AELSERAY R T RIFFTLNEIHH
Ly, BEPR 541004; 2. FREMERRIS B SUUBERIREHBERFAZTRT, AZRE, 050067; 3. JLaiRy T2,
iz, 100083)

i B TARERREMATRNEEAMED, LRI UFRMFTHRERALKS
BRERANEFFAEENAENE, Ao BMXKERESREENSHRAMEREREDH
X, xBRAERWPERRIEERER, BIHRTRENRFEX, AXXBIMRKRE
MBAMEEER. KEAMARSH. WREE. BEEERRFIWEEFRM, 2
TAHREABTAERRNEFE R, WEEMXKESEFETASEHRIT TRY, FEdE
AMEDITRE T REAETARAERRNARERL, YFEILT KB THREREN
=BRARE, BETIEMN BNEMXPNTAERREXSEHRRE, BXARAINS
EHREREGESXFARAEHETNIRM T Bt
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XA . FRE  F@inE ; RERR ; BIEER

Jqu
ik

F # & (Hot Dry Rock-HDR) =2 #h # &
BHEBREEER, BHERL (—KRisHT
3~ 10km) FEMRRBKIEZSHRENRE
Ko FREDWI 2, BRRMAFLNEES
B IEMEIEIFM 2006 FiRSG, REFASE
3500~7500m JRE 2% MWFHREXRRIEE, Tt
A% 260000 EJ, REE 2005 F2FEeFHE
HSEN 2600 18, BMANALEBE. BUL
8, PEKM 3~10km ZEFREZRD2ITH
2.5X1025J, YT 860 FIZMEtRlE, HREXRE
2%, BN FHE 2015 F2E—KMEEZE
7Y 4000 1Z,

FHREMALBEZE. KHEIEETE
S ReRARBAL, REBRIRARERKEHA, BE
NEENEBERERE BEET —ENHLNE,
FHEFIAL, PEFRAERBEFAERERZAHRAR
+57E55, FIEFTFREZRITN. EXERE.
ERFEAPARMTCELREREIL, BFHNSKE
ERENERE, RREEMRL K, ZUNEEES
BEMRBELINTRERR, NREFAWRER
EAAMRRMEPEREN—FE 2, BaiFKE
EEBEMAME R RRRENTRERE, K
AABEEARTAREHEMRARIIE

Bal, FRAERFENFTLLKES LUFFRM
EHRPERLCRFPERERNEERAESHNAE
NE, FRABHKXERERFENSHF R
ManhX, AEAERNPERBRETERSE,
EREHRES U, The KERETETE, HKs
METENETAREENRR, EFRFRFAMIE

R HRIGEBRIE R TERE D B XA ARPR
BB 100uW/m2, EBEREBNMS, 7
POREVEEIFREZRR. R, FAREXE
BYRETRUE BRI, KEALUCRAREABHXMER.
. HERBRRMK, ERINEREDERK
fEXIMEH, ZFNESRIEK, KIBKESHE
REIWMAR, EZtXKEREEERIR, &
INREY gERMNBYEK, FREFRA LT A
AR e ERERE, AEEEMNE X,

1 FREZFHEMERER

FEABHMKXLHER. B, @=Z88AAK
MENFRENRANERE DT, XEEREERE
BREZE, EANKER, BEERNERXMN
WRUERHE, FSREBERTETEX, Hib,
XEA BB RMR A B R RZ M,
XERBMRZABAXATRAERENES
MEREFRM T REFNBF M

1.1 KiigiE =

. B AR 6, &
REFTFARMMER . AREAEATIN AR
MasEe, EXIHEAENBERERNL -
BARE, BHAKTFHXMIE - ERENER
BRE D BEAREA LSRR FRIRF LR
FERERIR AR N = HI R DTN AP RSB S
MEUESENLER - NUWEHEXETE, XH
BEXRAIAMOBHMKESAEBAMNATNGER
HIRZRo

WS AEBRMKX P IRENAERRERIEA,
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IS REAEMX MR AN S FRERROVIESREFRANE. FRERIREY NW @5 EFBERE/MM
XUEFRBSBMARRNTAER T EZFA. RIEQIEBMK 1964-1996 FMBEIZR KB FIET,
RRIPARIR MEEFFRERRZ T, URIFRERRUTFREMXZ T5REMNNE, ERAMKAERNE
&, XiENDT5RSRRAT AR ETS [ —2

1.2 KRG RE R B RES
1.2.1 3B ERE
MNERABHREESHELE (B 1), AraBstREESHIBESHEDHAL, HAARTK
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THE APPLICATION OF
THERMOSTATIC THERMAL
RESPONSE EXPERIMENT IN DESIGN
OF BURIED PIPE HEAT EXCHANGERS

Author: Wu Qiang"?, Zhu Ke"?, Zeng Yifan"?, Yu Jun?, Wang Ruifeng?,

Tu Kun"2, Liu Xiaoxiu"?
1. School of Earth Science and Mapping Engineering, China University of Mining and Technology (Beijing), Beijing
10083, China;
2. National Coal Mine Water Hazard Prevention Engineering Technology Research Center, Beijing 10083, China;
3. Fourth Geological Brigade, Hebei Bureau of Geology and Mineral Resources Exploration, Chengde, Hebei 067000,
China

Abstract

Geotechnical thermal response experiments have been widely used in the design
of ground source heat pump systems, and the geotechnical thermophysical
parameters obtained play a key role in the design of buried pipe heat exchangers.
In this paper, a 200-m deep double U-shaped vertical buried-pipe test well is
created for a practical project in Hebei Province, where the thermostatic thermal
response experiment is used to simulate the operation conditions of heat removal
in summer and heat extraction in winter of the test well. Parameters such as initial
ground temperature, incoming / outgoing water temperature curve, single hole
heat exchange power and heat exchange per linear meter are obtained, followed
by deducing the thermal physical parameters such as thermal conductivity and

*Introduction to the author: Wu Qiang (1959-), Male, born in Hohhot, Inner Mongolia, professor, supervisor of doctoral students, member of
Chinese Academy of Engineering.

Funded project: National Natural Science Foundation of China funded key project (No. 41430318); National Key Research and
Development Program funded project (No. 2016YFC0801801); National Natural Science Foundation of China (Nos. 41572222, 41702261,
41877186); Central Universities Basic Scientific Research Business Expenses funded project (No. 2010YD02). Demonstration Project of
Replacing Coal-fired Clean Heating with Shallow Geothermal Energy in Rural Areas of Chengde City (202008F024).
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thermal resistance of formation according to linear models. In this paper, the

experimental process of thermal response by the constant temperature method

is fully demonstrated, and the experimental results are discussed and analyzed,

which can provide reference for the optimal design of ground source heat pump

systems. The results are also conducive to popularizing the application of the

thermal response test by constant temperature methods in the design of buried

pipe heat exchangers.

Keywords : Geotechnical Thermal Response Experiment; Thermostatic Method;
Buried Pipe Heat Exchanger; Ground Source Heat Pump;

Geotechnical Thermal Properties

Introduction

As China increases its efforts to develop
and utilize clean energy, ground source heat
pumps are flourishing as an important tech-
nology for developing shallow geothermal
energy. Ground source heat pump systems
mainly use buried tube heat exchangers to
extract the heat stored in the soil or rock-
soil, to heat or cool environments through
heat pump systems. However, as the core
component of a ground source heat pump,
heat exchange is a complex non-stationary
process, and its characteristics are influ-
enced by the thermophysical properties of

42

underground rock-soil, subsurface hydrogeo-
logical conditions, heat exchanger materials,
and backfill materials . The thermophysical
properties of the subsurface geotechni-
cal parameters play a key role in the heat
exchange capacity of buried pipe heat ex-
changers, especially regarding geotechnical
thermal conductivity. Generally, the greater
the geotechnical thermal conductivity, the
greater the heat exchange per linear meter
and heat exchange capacity per unit hole
are ¥, Research has shown that if there is
a 10% error in the thermal conductivity of
the rock-soil, there will be a 4.5%-5% error



in the design length of the buried pipe heat
exchanger, which does not meet the require-
ments of building load and causes a waste
of initial investment in the construction .
Obtaining accurate geotechnical parameters
is therefore a key precondition for the design
of buried pipe heat exchangers, as well as
maintaining good economic and sustainabili-
ty of ground source heat pump systems.
Geotechnical thermal response tests are
currently the most common and effective meth-
ods to obtain thermophysical properties of sail.
Since 1983, when the thermal response test
method was proposed to determine thermo-
physical properties and parameters of soil ),
domestic and foreign scholars have continuous-
ly promoted and improved the thermal response
test method ©®, which is now widely used in
practical engineering applications of ground
source heat pumps. At present, the most wide-
ly-used geotechnical thermal response test
methods in applied engineering are the con-
stant heat flow and the constant temperature
methods " Although the constant heat flow
method is more commonly used, it can only test
thermal discharge conditions, and the complex
model calculation is prone to large errors .
For this reason, researchers in China have pro-
posed the thermostatic method of thermal re-
sponse experiments and improved the test set-
up to reflect the heat exchange capacity of the
buried pipe heat exchanger in a more realistic
manner, accurately measuring the geotechnical
thermophysical parameters . In this paper, an
engineering drilling well in Hebei Province is

CURRENT FOCUS

used as an example to obtain the geotechnical
thermophysical properties of the test well. On
the basis of using the thermostatic thermal re-
sponse experiment to more realistically demon-
strate the heat exchange performance of buried
pipe heat exchangers, propose and optimize
the buried pipe design, and promote the ther-
mostatic thermal response experiment, this pa-
per aims to provide reference for the optimized
design of the buried pipe heat exchanger for
ground source heat pumps in practical projects.

1. Theoretical Method and Test

Apparatus for Thermostatic Thermal
Response Experiments

1.1 Experimental Principles

Geotechnical thermophysical parameters
are a thermophysical property for which the
data process is essentially the same for both
exothermic and heat extraction tests. The
thermostatic method is a method of establish-
ing stable operating conditions for the buried
tube heat exchanger and thus determines the
heat exchange capacity of the buried tube
heat exchanger. As can be seen in Figure 1,
the fluid is heated by an electric heater (or
cooled by a refrigeration device) and then
sent underground. As the temperature of the
heated (cooled) fluid becomes higher (lower)
than the temperature of the subsurface soil,
there is an exchange of heat between the soil
and the fluid in the pipe, causing a change in
the temperature of the fluid from subsurface
and back into the tester, which amounts to
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the temperature response of the subsurface soil. A temperature sensor is placed at each point
where the instrument is connected to the underground pipeline so that a real-time value of the av-
erage pipeline temperature can be collected. In-situ thermal response testing at the construction
site provides access to actual results that integrate various factors at the site, enabling a more ac-
curate prediction of the thermal properties of the soil, reducing uncertainty in the selection of pa-
rameters, and making the design of the buried pipe heat exchanger more justified. For the on-site
test, test holes are first drilled in the ground where the underground piping for the ground source
heat pump system is buried, with the same specifications as conventional buried pipes. Then,
piping is installed and filled with backfill in accordance with the actual construction requirements,
before connecting to the thermal response test vehicle during testing.

1.2 Calculation Method of Geotechnical Thermal Properties

The thermostatic simulation test maintains a constant inlet water temperature, establishes
a stable operating condition for the buried pipe heat exchanger, and brings together the sup-
ply-and-return water temperature difference data, so as to determine the heat exchange capac-
ity of the buried pipe heat exchanger. As in equation (1):

Q = C pvAt (1)

Where: Q - Heating power, W;

C - Specific heat capacity of water, 4.2x10°J/(Kg°C);

p - Water density, 1.0x10°Kg/m°.

v - Flow rate, m*/h.

At - Temperature difference between incoming and outgoing water, °C.

The linear heat source theory is the theoretical basis of most current heat exchange models
for buried tube heat exchangers in ground source heat pumps. The theory is clear in physical
significance, simple and easy to calculate, and widely adopted in the calculation of underground
buried tube heat exchangers for ground source heat pumps. The thermostatic thermal response
test can directly obtain the heat exchange power of a single hole and the measured value of the
linear meter heat release. On the basis of the test parameters obtained, the linear heat source
model is used to carry out inversion calculations, which can obtain the average heat exchange
coefficient of the borehole A, the borehole thermal resistance Rb, and other parameters. The
linear heat source model calculation formula (2) is as follows:

Ty =m0+ [ (o (i () —7) + o) + T @
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Where: T, - Average temperature, °C;

A - Heat diffusivity, m*/s;

Q - Heating power, W;

H - Effective hole depth, m;

A - Thermal conductivity, W/(m-K) ;

y - Euler coefficient, 0.5772;

R, - Thermal conductivity resistance, m-K/W;
T... - Initial temperature of sail, °C;

r, - Radius of hole, m.

As the average temperature of the heat-carrying fluid is proportional to the natural logarithm
of heating time, the relationship is (3). A curve of the average temperature of the heat-carrying
fluid juxtaposing against the logarithm of the time (theoretically a straight line) is made from the
test results, and the slope k of this curve is determined. The thermal conductivity can be found
from equation (6), and equation (7) can be derived, also under a series of assumptions.

Tr=kin(t)+m 3)
Where:
_ 0
4mwAH (4)
ng(ﬁ(l (g)—y)+Rb)+Tw (5)
= i ®)

Calculation of the thermal resistance of the borehole:

_{C_Tsur}_ 1 4‘_‘1’ _
R, =l (%) - "

Calculation of the liner heat release according to equation (6):

_ Tfmax{t)_T.mr
Q¢ heat release — T Ac test (8)
ftest

Calculate the measured value of the linear heat extraction according to equation (7).

_ Trmin (O ~Tsur

Gh heat extraction — (c test (9)

Tf test Tsur
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Where: C,, - Average specific heat capacity of the soil over the depth range of the buried
pipe, J/(kg.°C);

g, - Heat release per unit pore depth of the heat-carrying fluid at the test condition, W/m;

. heat relcase - Heat release per unit pore depth of the heat-carrying fluid at the heat release con-
dition, W/m;

Q1 neat exiracion - Heat extraction per unit pore depth of the heat-carrying fluid at the heat ex-
traction condition, W/m;

T« - Average temperature of the heat-carrying fluid at the test condition, °C;

T,..« - Average temperature of the heat-carrying fluid at the heat-release working condition, °C;

T,.., - Average temperature of the cooling fluid during the heat extraction working condition, °C;

According to Appendix A of the Specifications for the Evaluation of Shallow Geothermal En-
ergy Reconnaissance (DZ/T0225-2009), the formula for calculating the heat exchange of bore-
hole linear meter is as follows

2mL|ty _ta

D=gv——7 1=
S lntis— _3+_1n_4'
A3 T2 Az rz2 A3 T3

(10)

Where: 4, - Thermal conductivity of buried pipe material, W/mek (PE pipe is 0.42W/m<k);

A, - Thermal conductivity of backfill in heat exchange hole, W/mek;

A; - Average thermal conductivity of rock-soil around heat exchange hole, W/mek;

L - Length of buried pipe heat exchanger, m;

r, - Equivalent radius of buried tube bundle, m, double U is 4 times of inner diameter of pipe;

r, - Equivalent outer diameter of buried pipe bundle, m, equivalent radius r1 plus pipe wall
thickness;

r; - Average radius of heat exchanger holes, m;

r, - Influence radius of heat exchange temperature, m, take 0.5m;

t, - Average temperature of the fluids in the buried pipe (35°C for heat dissipation and 4°C for
heat absorption);

t, - Initial temperature of rock-soil outside the temperature influence radius.

1.3 Test Equipment

See Figure 1 for the thermal response test device. The device mainly includes the automatic
control system, automatic acquisition system, electric heating equipment, refrigeration equip-
ment, water pump, flowmeter, temperature sensor, and pressure gauge, among other equip-
ment. Table 1 is the technical index of geotechnical thermal response testing instruments.
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Water chilling unit

Connected to computer side @@
@ Pressure sensor

® Temperature sensor Flow meter Flow switch Drain m
Pl valve o
Q
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Circulation pump z
Q
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Valve 1 Water tank
Double U buried pipe
Drilling machine backfill material
Figure 1. Diagram of devices for the thermostatic thermal response test
Table 1 Main technical indexes of the DR-40 geotechnical thermal response tester
Devices Measuring range Precision
Heating power Refrigerating power
Heating and refrigerating equipment
36 kW adjustable 24KkW adjustable
Flow Maximum lift
24kW adjustable
1-12 m*/h adjustable 30m
Measuring range Precision
Power sensor
0-30A 1.0 grade
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Devices Measuring range Precision
Measuring range Precision
Temperature sensor
-50 ~ +100°C *0.15°C
Measuring range Precision
Flow sensor
0~ 12m’h 0.5 grade
Measuring range Precision
Pressure sensor
0~ 1.6 MPA 10 PA

2. Geological Characteristics of Site and Test Well Parameters

The geological structure of the test site is based on metamorphic rocks such as Archaeozoic
plagiogneiss, on which is a Mesozoic continental basin with complete sequences from Lower
Jurassic to Lower Cretaceous. The total accumulation thickness is over 6,600m. The strata
within 200m depth from top to bottom are Quaternary pebbles (Om - 2. 10m), Quaternary grav-
elly loam (2.10m - 14. 52m), Jurassic Zhongtong Houcheng Group sandstone (14.52m - 20.
00m), Jurassic Zhongtong Houcheng Group conglomerate (20.00 m - 55.51m), Jurassic Tiaojis-
han andesite (65.51m - 105. 47 m), and Archean gneiss (105.47m - 200m).

Hydrogeological conditions: the Quaternary is filled with water from loose-pore rocks, and
the lithology shows sandy gravel, sub-sandy soil and gravel sand. Structural fissures and pore
water are contained in the bedrock. Gneiss, glutenite and volcanic rock outcropping areas are
present in the bedrock fissure aquifer, the most important aquifer in the working area.

The depth of the test well is 200m, the diameter of the 0~24m-deep well is 325 mm, and the
aperture of the 24~200m-deep well is 235mm. The 325mm threaded-steel pipe with a 5mm
wall thickness is put into the 0~24m-deep test well. The double-U buried pipe heat exchanger
is made of PE pipe material (DN 32mm, inner diameter 26mm, wall thickness 6mm), and the
backfill material is made of medium fine sand.

3. Results and Analysis of the Thermal Response Experiment by the Constant

Temperature Method

All the test equipment were in normal conditions. Three groups of thermal response tests
were carried out, with one group of initial ground temperature test, one group of summer work
conditions (constant temperature method 35°C), and one group of winter work conditions (con-
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stant temperature method 4°C).

3.1 Test Preparation

Based on the characteristics of this project and the scope of the site, an in-situ thermal re-
sponse test of the buried pipe heat exchanger is carried out. A PE pipe double-U buried pipe
heat exchanger is used in the test well. The parameters of the heat exchange hole are as fol-
lows: the hole diameter is 235mm, and the hole depth is 203m below the natural ground. The
buried depth of the heat exchanger is 200m. Pipeline connection and pressure test: after the
pipeline connection from the water outlet/inlet of the buried pipe to the thermal response tester
is completed, the electric pressure pump is raised to the pipeline pressure at 1.2Mpa. The stop
valve is closed and the pressure is kept for 30 min without pressure drop and leakage. After
the pressure test is completed, the heat exchange pipe is connected to the test vehicle, water
is injected into the system with the pressure pump, and the emptying valve is opened for drain-
age. All joint points are checked, and there is no water leakage. The above-ground pipeline is
wrapped with a rubber and plastic insulation sleeve with a thickness of about 20mm for insula-
tion treatment. After the connection to external equipment for water and electricity is completed,
all links in the test equipment are checked, after which the operation begins.

3.2 Determination of Flow State in Pipe

Section 4.3.9 of Engineering and Technical Specifications for Ground Source Heat Pump
Systems points out that the fluid in the buried pipe heat exchanger should keep turbulent flow.
Therefore, the critical Reynolds number is generally used to judge the flow state of the tested
buried pipe heat exchanger. For any pipe diameter and Newtonian fluid, the critical Reynolds
number to judge the flow state is the same at about 2000. According to Reynolds number cal-
culation formula (11) and test-related parameters, it can be known that the circulating water flow
rate in the pipe is set to 1.5 m*h

Re = £ ="C (1)

u v

Where: Re - Reynolds number;

v - Fluid flow rate, m/s;

d - Inner diameter of the pipe, m;

p - Fluid density, kg/m®;

- Dynamic viscosity of fluid, Paes;

v - Kinematic viscosity of fluid, mm?/s
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3.3 Initial Ground Temperature Test

The initial ground temperature of rock-soil is one of the necessary parameters to determine
the thermophysical properties of the rock-soil, and its accuracy directly affects the calculation of
thermal resistance and thermal conductivity of the rock-soil. At the same time, the temperature
difference between the average temperature of ground heat exchanger and rock-soil is the driv-
ing force of heat transfer. Hence, the measurement of initial ground temperature of rock-soil is
very important for the design of ground heat exchangers .

In this paper, the initial ground temperature test method of rock and soil adopts a reactive
power cycle method. Before the test, the buried pipe heat exchanger is filled with water and
placed for 48h. When the heat exchanger is not loaded with coldness and heat, the water is cir-
culated in the buried pipe by the water pump until the water temperature becomes more stable
and reaches thermal balance with rock-soil. At this point, the water temperature in the buried
pipe is taken to be the initial average temperature of rock-soil . According to the critical Reyn-
olds number, the constant flow rate in PE double-U buried pipe is 1.5m%h, and it runs continu-
ously for 23h until the water temperature reaches a stable state, where the test is stopped """,
The test curve is shown in the figure. The average temperature of the inlet and outlet pipes is
generally in the final stable state at 16h, and the average temperature of the inlet/outlet pipes is
stable at 12.2°C. Hence, the initial ground temperature of rock-soil is determined to be 12.2°C.

16 3.00

—— Inlet water pipe temperature L 5 75

‘Outlet water pipe temperature

~— ‘Average temperature - 2.50
14 = Flow rate
— i - 2.25
o : : : :
e 13 _X - 2.00
£ | : : =
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o - k : 2 E . - 1.7
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2 2
5 ©
3 = - 1.50 =
5 11 H
” ™
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- 1.00
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- 0.75
8 —T T 1T T T 7 T "~ T "7 71" 0.50
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Figure 2. Initial ground temperature test diagram of rock-soil for buried pipe heat
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3.4 Analysis of the Results of the Thermostatic Geotechnical Thermal Response
Experiment Simulating Summer and Winter Conditions

(1) Thermal response experiment for summer working conditions with a constant
35 °C inlet water temperature

The thermal response of rock and soil experiment simulates the working condition in sum-
mer, setting the constant inlet temperature at 35°C and the flow rate at L=1.5 m*h. The duration
of the test was 58h and the stability time was 49h. Test the inlet and outlet water temperature,
average temperature, flow rate and power of buried pipe are as shown in the figure. The re-
al-time power in the figure obtains real-time heat transfer (i.e., heat removal power) according
to the formula Q=Cm A T by using the calculated real-time temperature difference at a constant
temperature (T=35 °C). It can be seen from the figure that after 9 hours of operation in summer,
the inlet and outlet temperature stabilizes, due to the fact that the inlet temperature is set at 35
°C in summer, which is 12.2 °C higher than the initial ground temperature of rock and soil. The
temperature difference between them is 22.8 °C, which requires the thermal response tester to
heat for a period of time to maintain dynamic balance before finally stabilizing. The fluctuation
of the curve in the figure before 7.5h is caused by the fluctuation of the heating box. The figure
shows that the temperature stabilization time of inlet and outlet exceeds 12h, which meets the
constant temperature test conditions.

The heat exchange per unit per linear meter is one of the most important parameters in the
thermal properties of rock-soil, which can directly reflect the thermal conductivity and heat ex-
change capacity of the borehole. It is hence an important reference for the design of buried pipe
heat exchangers. As shown in the graph, the heat exchange rate per unit per linear meter in-
creases significantly and the magnitude and volatility of the changes becomes more frequent, due
to the 35°C inlet water temperature T during summer working conditions and the greater tempera-
ture difference between the surrounding rock and soil. The heat transfer rate is greater according
to Fourier’s law. As the thermal response test proceeds for 10h, the heat exchange per unit per
linear meter stabilizes, caused by surrounding rock-soil temperatures which must have reached a
dynamic equilibrium. The slow-down in the rate of heat diffusion in the surrounding soil gradually
tends to a dynamic equilibrium ™. After the dynamic equilibrium is reached between the fluid in-
side the buried pipe heat exchanger and the surrounding rock-soil, heat buildup will be formed to
increase the thermal conductivity resistance, reaching 80 W/m. Discarding the first 2.5h, the aver-
age heat exchange is obtained as 84.79 W/m. Through this test, it can be seen that under present
test conditions, the thermostatic thermal response experiment for summer working conditions
needs at least 10h of temperature flunctuations before stabilization. Therefore, the thermostatic
thermal response test needs to be extended to make the test results more accurate.
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Figure 3. Test results of buried pipe test hole in summer working condition of heat removal
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(2) Thermal response experiment for winter working conditions with a constant
inlet water temperature of 4°C

The geotechnical thermal response test simulates winter working conditions, and sets the
inlet water temperature at 4°C, flow rate at 1.53m’h, and test time at about 50h. The operating
parameters of the system are shown in Figure 5. The summer power calculation method is re-
ferred in the calculation of winter operation power, its curve change trend is generally consistent
with the temperature change trend of the inlet/outlet pipe, and the heat exchange power of the
test hole is at 6.09kw/hole. As shown in the figure, after the system runs for 26 hours, the tem-
perature of the inlet pipe stabilizes at 4°C. The stability time is close to 24 hours, which meets
the specification requirements.

As shown in the figure, the change in the curves of inlet and outlet water temperatures are
relatively smooth, showing a downward trend in the first 26 hours. The temperature difference
between them is approximately kept at 3.2-3.75°C (except for the first 0.5h). This is because
during the thermal response test of rock-soil under the simulated heat extraction working condi-
tion, the cooling capacity of the air-conditioning unit is kept at a fixed amount, and the unsteady
heat conduction between the medium in the buried pipe and the drilling packing causes the
heat exchange between the air-conditioning unit and the rock-soil around the borehole continu-
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Figure 5. Test results of buried pipe test hole in summer working condition of heat extraction
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Figure 6. Heat exchange of buried pipe test hole in winter working condition of heat extraction

ously. The inlet and outlet water temperatures continue to drop, reaching a stable state after 26
hours, and the inlet water temperature is kept at 4°C. It takes 26 hours for the system to enter
stabilization, which is caused by the small temperature difference between inlet and outlet wa-
ter and the limited refrigeration capacity of the air conditioning unit. The fluctuation of inlet water
temperature at 26h is caused by the operation fluctuation of the air conditioning unit.

As shown in Figure 6, the heat exchange trend per linear meter is generally in a stable state
at 26h, compared to the summer working condition in Figure 4, and stability time is longer.
The inlet/outlet water temperature difference is smaller in the winter working condition of heat
extraction, which causes its heat exchange rate to be slower and the heat exchange with the
surrounding geotechnical soil to be less, and it takes a longer time to reach the dynamic equi-
librium of heat extraction. At the same time, the heat exchange power table per linear meter in
winter is 30.45 W/ linear meter, which is lower compared to summer working conditions. One
of the reasons for this is the smaller temperature difference between the inlet and outlet water,
and the slower accumulation of coldness in the soil around the borehole makes the heat ex-
traction in a variable process. Hence, after a certain amount of coldness accumulation, the heat
extraction remains constant. Another reason is the relatively low initial ground temperature of
the geotechnical soil, resulting in a slower rate of heat exchange between the inlet temperature
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and the surrounding geotechnical soil. This test also verifies the importance of the influence of
the initial ground temperature of the geotechnical soil on the heat exchange capacity of the bur-
ied pipe heat exchanger. Under the present test conditions, it takes 26h to reach a steady state
under simulated winter heat extraction conditions, which is a longer stabilization time compared
to summer working conditions, and the thermostatic method of thermal response testing re-
quires a longer period of time to ensure accurate geotechnical thermal response testing.

4. Test Results of Geotechnical Thermophysical Parameters

The heat exchange power of single hole and the reference value of heat exchange power
per linear meter in summer and winter working conditions can be obtained intuitively and re-
alistically through the geotechnical thermal response experiment by the constant temperature
method. According to the test results, the thermal conductivity and thermal resistance of geo-
technical thermophysical properties can be obtained by using the drilling linear model and sim-
ulating calculation according to the formula. The detailed test results of the experimental hole of
PE pipe double U buried tube heat exchanger are as follows:

1) Under the test conditions of constant inlet temperature of 35 °C and flow rate of 1.5 m/h in
simulated summer working conditions, the reference value of unit linear meter heat exchange
power is 84.79 W/linear meter, and the single hole heat exchange power is 16.95kW.

2) The reference value of heat exchange power per unit linear meter is 30.45W/linear meter,
and the single hole heat exchange power is 6.09kW under the condition of constant inlet water
temperature of 4°C and flow rate of 1.5m/h.

Table 2. Main parameters of the model

Hole | Initial ground : Thermal Thermal | HeaeX™ | o e hole
Working conductivity . change per
Test hole depth | temperature " . resistance | . heat exchange
(m) c) conditions for test| coefficient W/ (m - KW linear meter (kW/hole)
(m - k) (W/m)
oE double U S“mcr:rfgi‘{‘{g;k'”g 1.68 0.08 84.79 16.95
buriZ(ljJ ie e 203 1221 ; H
PP Winter working 1.01 0.09 30.45 6.09
condition

5. Conclusions

The geotechnical thermal response test method can more accurately obtain geotechnical
thermophysical parameters, which is an important basis for the design of buried pipe heat ex-
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changers and display of heat exchange performance of buried pipe heat exchangers. In this
paper, the thermal response test of the borehole is carried out by thermostatic geotechnical
thermal response test method, and the main conclusions are as follows:

1) Compared with other thermophysical parameter tests, the thermostatic thermal response
experiment can simulate heat removal in summer and heat extraction in winter, and obtain ther-
mophysical parameters more accurately. It is more realistic for the design of buried pipe heat
exchangers, and can intuitively obtain the heat exchange per linear meter.

2) The thermostatic thermal response experiment realistically simulates the heat removal
and extraction working conditions of the buried pipe heat exchanger, and the test proves that
the heat exchange capacity of the buried pipe heat exchanger is higher than that of the heat
extraction working condition, and the heat exchange per unit hole is higher than 10.9kW/hole,
which also indirectly verifies that initial geotechnical ground temperatures have a great impact
on the heat exchange capacity of buried pipe heat exchangers.

3) During the thermophysical thermal response experiment, the stable time of heat removal
in the working condition during summer is shorter than that of heat extraction during winter, so
it is suggested to extend the stable time of heat extraction in winter when conducting constant
temperature test. When calculating relevant parameters, it is recommended to discard the un-
stable data of long winter heat extraction working conditions, which can improve the accuracy
of testing geotechnical thermophysical parameters.

The references are the same as the Chinese version
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TO MAKE "ACCELERATING THE
DUAL CARBON GOALS THROUGH
GEOTHERMAL SERVICES" THE
HIGHLIGHT OF CHINA IN WGC2023

Written by: Zheng Keyan

Director of Expert Committee of Geothermal Industry Working Committee of China Technical Supervision Information

Association

China has been granted a rare oppor-
tunity to host the 2023World Geothermal
Congress. | have been thinking: we should

present a bright image and achievements
to the 2023 World Geothermal Congress
(WGC2023).

Highlights of Previous World
Geothermal Congresses

The International Geothermal Association
was founded in 1989, and the first World
Geothermal Congress was held in Florence,
Italy in 1995. As the world’s birthplace of geo-
thermal power generation, this was where the
five-yearly World Geothermal Congresses
was launched, and the five 20cm-thick col-
lections created an unprecedented record of
geothermal symposium proceedings.

In 2000, the World Geothermal Congress
was held in Beppu and Morioka, Japan,
with over 1,700 delegates from 61 countries
showcasing the power of geothermal power
generation in small land areas.

In 2005, the World Geothermal Congress
was held in Antalya, Turkey, attended by more
than 1,500 delegates from 83 countries. The
promulgation of the Turkish Geothermal Law
after the Congress turned geothermal power
generation into a breakthrough.

In 2010, the World Geothermal Congress
was held in Bali, Indonesia, with more than
2,500 delegates from 85 countries attend-
ing. After the Congress, Indonesia enacted
its geothermal law that allowed geothermal
power generation to grow rapidly without the
restrictions of the mineral resources law.

In 2015, the World Geothermal Congress
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was held in Melbourne, Australia, with over
1,600 delegates from 82 countries attending.
Australia lacks hydrothermal geothermal re-
sources and was late to geothermal devel-
opment, but demonstrated remarkable EGS
megawatt generation.

In 2020, the World Geothermal Congress
was held in Reykjavik, Iceland, with only an
online opening ceremony and several online
conferences held from March to June 2021,
postponed due to the global epidemic.

China’s Geothermal Achievements

and Tasks Ahead

Although China started early in geothermal
power generation, we are now falling behind
in development. During the 1995 World Geo-
thermal Congress, China’s direct geothermal
ranked second in the world, just behind Ice-
land. But since the World Geothermal Con-
gress in 2000, China has consistently ranked
first, and is becoming increasingly stronger,
far exceeding the second, third and fourth
places combined. China’s ground source heat
pump development has grown even faster,
climbing to the top in the world in just over
20 years, so far ahead of subsequent rank-
ings that they are no longer able to catch up.
That is how we won the right to host the 2023
World Geothermal Congress, and it seems
we are going to add a fresh splash of color
on the world’s geothermal industry and put a
new spin on the traditional lens of geothermal
power generation: direct geothermal use can
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be so wonderfully exciting.

Geothermal Energy can make a

Tangible Contribution to the Double
Carbon Target

With national energy conservation and
emission reduction policies supporting the
development of renewable energy sources,
the use of geothermal energy in China has
made great strides over the years. However,
compared to other renewable energy sourc-
es, geothermal energy in China has not yet
become strong, even though it presents
many advantages in terms of cost-effective-
ness as determined by technical and eco-
nomic feasibility in the context of promoting
clean heating in northern areas in recent
years. The contribution made by geothermal
energy has not yet matched its advantages,
and on many occasions geothermal energy
is still being underused.

Geothermal energy can make a tangible
contribution to carbon emission peak and
carbon neutralization, and the magnitude its
contributions are obvious.

(1) Carbon Dioxide Emission Rate

Natural gas prides itself on being a clean
energy source, but its carbon emission rate
is still half that of coal. natural gas also emits
31 times more CO2 emissions than geother-
mal energy (wind power, hydropower and
nuclear power) for the generation of one mil-
lion kWh of electricity.



(2) Capability Coefficient

The CO, emission rates of geothermal
energy, wind power, hydropower and nu-
clear power are all in the lowest bracket,
but their capability coefficients still differ,
with geothermal being energy the highest
at 0.72, hydropower in the middle at 0.40,
and wind power the lowest at 0.22. The CO,
emission rate of solar photovoltaic power
generation is higher than that of geothermal
and wind power, and the capacity coeffi-
cient is still the lowest at 0.14.

(3) Comparison of the Overall Contribu-
tion to Carbon Emissions

In view of the above two constraints, we
can introduce a “overall contribution to car-
bon emissions,” which is set as the product
of the number of tons of CO, for a million
kWh of electricity and the number of mega-
watts of a million kWh of electricity pro-
duced annually. The result is that coal and
oil are among the first and second highest
respectively, with an overall contribution of
200,000 and 180,000 respectively. Natural
gas is in third place with an overall contri-
bution of over 90,000, followed by solar en-
ergy with over 30,000, biomass energy with
over 10,000, wind power with over 7,000,
hydropower with over 4,000, geothermal
energy with over 2,000, and nuclear with
less than 2,000 at the bottom of the list.
Hence, to achieve carbon emission peak
and carbon neutrality, natural gas should
be less used, and nuclear power and geo-
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thermal energy are the top choices with the
best capability.

Creating Chinese Highlights at

WGC2023

China’s geothermal presence at the World
Geothermal Congress over the past 20 years
has enabled China to go global and take the
crown for the world’s direct geothermal use.
This glorious achievement should not only
be attributed to the efforts of the Chinese
geothermal industry itself, but also to the
support by a great number of favorable na-
tional policies. On this basis, we can expect
to create other new highlights for China at
the 2023 World Geothermal Congress.

(1) In the process of realizing carbon
emission peak and carbon neutrality in
China, making a greater contribution from
geothermal energy should be a Chinese
highlight of the 2023 World Geothermal Con-
gress. According to the target for geothermal
energy development in China proposed by
the Comprehensive Department of the Na-
tional Energy Administration in the “Several
Opinions on Promoting the Development
and Use of Geothermal Energy (Draft for
Public Comments)”, the areas heated (and
cooled) by geothermal energy will increase
by 50% by 2025 compared with that of 2020.
This figure alone is still far from the carbon
emission peak target, and we need to make
greater efforts.

(2) After last year’s Geothermal Power
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Generation Prospect 100 Forum and me-
dia coverage, coupled with the proposals
of many committee members and repre-
sentatives at this year’s two sessions, the
industry estimates that the national subsidy
policy for geothermal power generation
feed-in tariff is expected to be implemented.
If so, it will definitely usher in a big growth
of geothermal power generation in China.
At present, large state-owned enterprises
such as China National Nuclear Corporation
and Three Gorges Group have planned and
implemented geothermal power generation
projects, and this will effectively change the
backward situation of geothermal power
generation in China.

(3) We should follow the laws of geother-
mal science and rectify the order of geother-
mal management. We fervently hope that
the Geothermal Law will be established, at
least to sort out the chaos of geothermal
management from the administrative order

of shutting down geothermal wells across
the board. The problem has not been iden-
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tified and resolved at the source, and it has
not been managed well, with new problems
emerging even involving urban manage-
ment authorities’ regulations. This situation
should be resolved and present a new ap-
pearance in the international community,
through innovation and creativity for an ap-
propriate transformation.

(4) We should start by actively hosting
the 2023 World Geothermal Congress.
The World Geothermal Congress 2020+1,
which was affected by the epidemic, took
positive measures to respond by holding
a March-June online opening before the
postponed physical meeting in Iceland
in October, but the organizing committee
were not satisfied with the Chinese re-
sponse (due to mistakes and delays). We
should learn from these lessons, make
corrections, and redeem our image.

(Note: The original article was published in
the June 2021 issue of China Geothermal
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OPENING REMARKS OF THE
2021 GEOTHERMAL INDUSTRY
ENTREPRENEURS' FORUM AND
ALLTANCE ANNUAL MEETING

Distinguished guests, ladies and gentlemen,

Greetings, everyone!

Today, the 2021 Geothermal Industry
Entrepreneurs Forum and Annual Meet-
ing of the Alliance, co-hosted by the Chi-
na Geothermal and Hot Spring Industry
Technology Innovation Strategic Alliance
(hereinafter referred to as the Alliance), the

Hydrogeology Bureau of China National
Administration of Coal Geology, Shaanxi
Coalfield Geology Group Co., Ltd. and
XCMG Foundation Machinery Division, and
sponsored and supported by China Univer-
sity of Mining and Technology will be held in
Xuzhou, an ancient and beautiful historical
and cultural city. The gathering will discuss
and exchange new opportunities for the de-
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velopment of China’s geothermal industry,
and jointly study national policies, industri-
al innovation, technological progress, and
international cooperation in the context of
peak carbon emissions and carbon neutrali-
ty in the industry.

In recent years, to promote the rapid de-
velopment of the geothermal industry, rele-
vant national authorities have issued a num-
ber of supportive and encouraging policies.

In March 2016, the Notice of the National
Energy Administration on the Issuance of
Guidance on Energy Work in 2016 men-
tioned that new energy sources such as geo-
thermal energy and biomass energy should
be actively developed and utilized.

In December 2017, the Notice on Ac-
celerating the Development and Utilization
of Shallow Geothermal Energy to Promote
the Use Reduction and Replacement of
Fire Coal in Northern Heating Areas” pro-
posed that by 2020, shallow geothermal
energy will be effectively applied in the
field of heating (cooling) with a greatly
enhanced application level and play a
positive role in replacing civilian bulk coal
for heating (and cooling). The energy use
structure of regional heating (and cooling)
will be optimized, relevant policy mecha-
nisms and guarantee systems will be fur-
ther improved, and the industrial system
of shallow geothermal energy utilization
such as technological development, con-
sultation and evaluation, key equipment
manufacturing, engineering construction
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and operation services have been further
strengthened.

In January 2020, the Opinions and Sug-
gestions on the Report on the Inspection
of the Implementation of the Renewable
Energy Law mentioned that it is necessary
to strengthen the research and develop-
ment of deep-sea, offshore wind power and
deep-layer geothermal energy.

In February, 2021, the Notice of National
Energy Administration on Actively Pursuing
Renewable Energy Heating According to
Local Conditions proposed to promote the
development and utilization of geothermal
energy, and focused on geothermal energy
heating in the middle and deep layers. Ac-
cording to the principle of “ascertaining min-
ing by irrigation, balancing mining and irriga-
tion, and balancing water and heat,” based
on geothermal formation mechanisms, geo-
thermal resource grade and quantity, and
groundwater ecological environment condi-
tions, geothermal energy heating from the
middle and deep layers should be promoted
in centralized and decentralized manners by
implementing total amount control, zoning
and classified management.

In September 2021, eight ministries and
commissions including the National Devel-
opment and Reform Commission jointly set
targets in Several Opinions on Promoting the
Development and Utilization of Geothermal
Energy: by 2025, all localities will aim to es-
tablish a sound and standardized geothermal
energy development and utilization manage-



ment process, and the national information
statistics and monitoring system for geother-
mal energy development and utilization will
be perfected. Geothermal energy heating ar-
eas will be increased by 50% compared with
2020, and a number of geothermal energy
power generation demonstration projects will
be built in areas with advantageous resource
conditions; by 2035, the heating area of geo-
thermal energy will double that of 2025.

The intensive introduction of relevant pol-
icies will surely usher in a wider potential of
development and unprecedented historical
opportunities for the industry. On this basis,
the alliance will also play a leading role in
the industry, promote the implementation of
industry-related policies, promote cooper-
ation in industry technologies and projects,
and provide a multitude of services required
by enterprises.

With the theme of “geothermal indus-
try policy, opportunity, and future” and the
purpose of “cooperation, development,
co-creation, and win-win”, this conference
interprets and analyzes the macroeconom-
ic situation and technological innovation of
geothermal industry; discusses the develop-
ment and utilization of geothermal energy in
shallow, middle and deep layers and dry hot
rocks, geothermal energy exploration, de-
sign, drilling and construction, underground
water exploitation and recharge, construc-
tion, commissioning, operation and man-
agement of geothermal heating systems,
development trend of hot spring industry,
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design and operation of proje