ISSN:2309845 7

2023%€12HR

%39

T CHINA GEOTHERMAL ENERGY

hEEEEEEERASRAT bR H e R NEE R F R SRR B H1E ERERSETAXBHZRY
FLOHMhSEEE GRIID IR AR E R AR T BIRA B (HBFREIR)
HEARBRAT PO8& —03 AR NEE P12 EEEAR P30

AKEDA: EHRAGEH A AR AR ikl FHPIHTEES 62-63 SH4EAE 8 #4 Ffr: AR 20 7T



Do _e® Y =
2°04%%, ISR A EIRA
%90 0® CECEP Consulting Co.,Ltd.

2?@}_“"‘_%%'}&_ | Green Industry Think Tank

FHREENERAFVETETERAREALTFEREUNETHEARGEEEIRSNEEFLAE, BNEREARTDE
£, A8 "hETREIMREA QS UARF O X— I EENEIRES. A88 2002 FRAMZHFR, BERAEET MR
WA BERROBZRGHBAFRMERRSOES, ANtEOERIMSEESIRMG. ERNERERLEES LS ER
5.

EER, RETAHERSRETREFRNAEERNBER. RERAKARTE, RIEXBRE, HERIRS. HHE
JRALIE, SRR, ETERMARIRE. T8, ERTEMNFERSWUEFRT KEMBEA.

ATRITFREGIERS 6500 RN, MEPRIZEMBL 9000 275, EHFETHERFARESRENSENRIFSE, ®

i]:3

AEREMRAEN "EEFE. BTREEE, AFRANE. VEEHREREITFN "+—1" HagrAcHB ki,
B 2009 Fig, RAREANTDER, BEREEESE "FRAEWVHRHENFO" EIR. B4ES, WTFRINNEHE
RS, EREZSERESFEMPEEABSRREE.

k. ERTEEXEEIERE2STRERBARE16
{§#: consulting@cecep.cn BR%E: 100082
EEiE: (010)83052158 f£E: (010)83052159
Mik: www.consulting.cecep.cn




?‘21”3%/%‘597%% | Awards & Recognitions

REANSHR. RERNBRAANRE SiFME. BB~ RET B TET

(BRIXSRUIBRADRAFERETEITHIRSE) KK 2017FERRTIENEIEERMR—FR"
(BRBEEFSKAERESEMHPPPIIE) Rk "2016-2017FE FENFIREAMR—FX"
(RMEKR TITHERRIBRERARFTERS) KK "2016-2017FE RERFIESEIRR=SER"
(HdtemIR AR —H IR RBRETMERSE) KK "2016 FHILERNFTIESERR-FR"
(RBILB ZH2x660MWY 2 TR E R RETERE) RIK 2016 FMItERNFT LESORRMLFR"

(ETHRREERBER-STEEDEMIFM) R3K 2015 FEILRHAFTIEESORR—FR"
(REERTREAFRHZITENRSR) K "2015 FEILERHRAFTIESARR=SR"

Scopes Of Business | ?\21 []%;EH’\:N_I!%

ZEAB]. BRENERESVEGERE FRTEE. R, KK, HRESR
ERBERIEM. BARRE, TUAERRRHE URTIWINK, ERSHNES5E

Policy and Research Analysis

WAy A W
BRT TR B RENS, SARRTESHANSHERR.

Planning Consulting TlARRE. KEETERER. BREF. BkAE. MeRFRFE. BREBE
MXNE8 e GEERE. =, RS BKESTMLEGE.

FEESMBEKAR. RESZEESRARAL. FEERITRARMBXITMER

. ZBERERE. FENERZRATHERR. FEMEEEEN. &BMWE

S E SRS BIFMN. ESG RERS. SRNESKBERRITEEEARRSZENERIT

= ] . SRNEELERRITERBRFBRRSEENE. FERAB=FHFMHIA
iE. BRFFEBIRRTME.

Green Financial Services

Engineering Consulting ) ] — .
Trss S5%HE. ME%E@ES)HIBRERESTME. ISRIMESFE. MBELSRE
= =)

. MEBIFEM.
Ihird-party Services ERBUFMELZ BRIRZE=75 RUSEREFIT. BEErH&k. TiE
F=R5s . BRRESERNE RS,

Technology Dissemination TEAEBEL. R, MERARS BEEE TU R ATERR 5%, &
FAHE BESERNE LIRS,

Information System Services  ARREAH]. ELRITHFATEREESEENEERRSE NSRIVETTA
SERFHA SESHTERENETH RS,




BERNXZREREDASIRLS

EVER SOURCE SCIENCE &TECHNOLOGY DEVELOPMENT GROUP CO.LTD.
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LREALAF R LE (FRLT S 8128 HK, H#&FBRRARY) AREZGBEEL LR LW,

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.

BARR—GUEREET, BARLALETARARAXLRE (R) RHEABEAFXR
RGUMEUS s BATRABA ST 2K f; FRBARBERS 2ADH BB XX A X RRR
HERWAMBLMOD )ORURS— AN H 2T 2 ARG EXARRAR L RBRT 2HBRK
ARFBERFHFOHES
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 RTiTHEM:
Code of Conduct :
TEHE—, IWEAR
With safety first, standard speaks
FLFLSESLTERAL, RRESHESL

To form a solid foundation, to make all strategies practicable

RREMEHE, BRIFEE—X

All develop sense of responsibility,and achieve pleasure at work

o HEAIMZFES: KL, €IF
Our Mission: Pragmatism and Innovation

o IMIRNER: ASBEANFIEHE
Our Pursue: Harmonious Coexistence of Human and Nature

* HEimER: LEM=SsmENER
Our Dedication: Improve comfort level of the people’s livelihood

¢ BMMES: REMEERERAIIM= I ER—ILRESIEAZRIHBNERR; #—S==
BERIE MM REIZFIA; EME, SO0 FIRXEETRRARNYEEME (%) ; KDRE
HIBERS —IMERIFTN AL .
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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CHYY DEVELOPMENT GROUP LIMITED
ENTERED INTO AN AGREEMENT TO ACQUIRE
CHINA HYDROGEN ENERGY (SHENZHEN) NEW
TECHNOLOGY CO., LTD.

China Ever Source is primarily dedicated to the development of the
clean energy industry; focusing on hydrogen energy and geothermal
energy (heat). The company offers environmental system design
solutions and complete products. Its subsidiary China Hydrogen Energy
/s a professional enterprise engaged in the research, development,
production, sales of hydrogen fuel cells and power systems, and
provides solutions for zero-carbon green transportation, logistics, and
combined heat and power (CHP) using hydrogen fuel cell products.
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DN80
BBk
DN15 BkO

0.0m
-2.3m

1. BHEFRIHRAE
200kW:

2. HERRBIRIEEE:
3. Bk 63m. #hK
{i1 72m. k& 44m/h
4. PUTRHEFIR
HIBEEREH TIREA
HSE
(DB11/T935-2012)

-74.3m

-88.3m

-104.3m

-117m
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SUMMARY OF EXPERIENCE

4, BT R EERHE R
4.1 iz1TREFESIT
} 3 2021-2022 SFHEFHERBESH TR
FERFE — o
A HE FREFE = Bt Gt = FFREE
T omwmem @) CDEE | ag (5 WESEL v FEENR g )
= ik kW*h) ) (2021 %) m)
1 1# /\EE 19732 14 47.85 24.25 0.4721 22.59 11.45
2 24 REFE
27205 21 ik 50.66 18.62 0.4721 23.92 8.79
3 3# BN
4 | A# ZEEEHD
7797 3 ik 18.02 23.11 0.4721 8.51 10.91
5 BET
6 5# K EHL 4558 44 1k 6.96 15.27 0.4721 3.29 7.21
7 | o4 EREEH 30456 54 s 51.02 16.75 0.4721 24.08 7.91
7# EPREPFI 29849 6t ik 4555 15.26 0.4721 21.51 7.20
8# 4) L
17818 TH# ik 38.98 21.87 0.4721 18.40 10.33
10 | 11# FEhA
11 &it 137416 259.03 19.30 122.29 9.11

4.2 E—. ZHAS5 =HRiE1TREFERTLL

x4 BIESNEETRFR— "5 =1 B A RIRE REIE TR L

BEIMEIEREFR—I_ S =1 ( FILREX ) tEERRIFIR ARSI THIREN LR
Fs HHRE ——H (BRI ) =1 ( RALRX)
1 BIRER 100000 m 137416 m
2 HEE FFHARTIA) 108251 10A 158
3 HBE 45 RATIA] 4B2H 3A31H
4 H2 FF4aETa] 5H18H 6H8H
5 /2 L5 RBY 8] 9820 H 98 15H

6 HEEEREAMICEE 16.5°C 15°C
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A
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SUMMARY OF EXPERIENCE

EEIMEIE RN FER— IS =8 ( TR ) sthEERCRIFIR R RBITHUEILL R
Fs FLERE —ZH (EREREX) =8 ( FILRKX)
7 HESREHEIEE 13.5°C 10°C
8 MEFRinHICRE 42.2°C 42°C
9 HEEERIHEIICEE 37.9°C 38°C
10 HEEE R e 3792000kW.h 2590300kW.h
11 HIEZEGTKEER 37.92kW.h 19.30kW.h
12 L EREHMICRE 28°C 20°C
13 B EREHENRE 30.3°C 24°C
14 H2ERIHHACRE 13.8°C 12°C
15 H2 ERIKEINCRE 15.4°C 15°C
16 HLEBEERE 1474000kW.h 847900kW.h
17 L EETKEER 14.74kW.h 6.17kW.h
18 LEBEER 5266000kW.h 3438200kW.h
19 SETIETKEER 52.66kW.h 25.02kW.h

EESNENE SR F R B Z R R S —H TR, REHRFUR—R. ZREMIRITE
IHFEE, 2FEFITKEFRERL 52.49%.

4.3 TIRERRHER R
W HRZE S 8EFEH 259.03 75 kW.h BB8E, 15 318t i7)%. SRAEERINMELLI, AITEELY
800t #7i%, PIEAREIRFIAZRIX 60%, SERIEL CO, HIRR 1976t, > SO, HEL 16t, BIIEHIK 8to

5. EERARHS ML

20 FWRYEI R, BEHEFEAREMAEHEBERAREUTLZENCIH :

1) REATERATAREH, HFKABETRASRIPIHKXIABKERELE, FENARVIAKMAIK
A5, BAARRNAIRREBFNMEEREHN EZMNERIKXRA, KREERAFTHR T TEANRE T RDE
HKX, BIREAE THNEEROENEAE, BREKREHRE Y, BESRHEREE NIRRT, B
IS EMRIME, T AESMEIRANEE (B 5), RAFKNEXRAER 10mm-100mm BIKFME, 2E
AF 50 YKy 7
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SUMMARY OF EXPERIENCE

i
H=E
R LR [E]
NI
HHER
RERERL
INEEIKX
LEHEE
HkE
EHK FEHEE
kX
[ BIKR
HE

IR

[E 5 F AT RE R SR FH L5 E

HE

DNEEIK X

EHK

i::l SE

TUERX

INEEIKEX

EHX
HE

kX

HhE

BARHAERE 2
HARENAEERE 1
HNBRNA 2( 5
ERFKIRFRE )
s HANRFENA L

LEHIRE (DR A)
tHkE
TEHEE (RHRA)

BIKR

SREX

EEHES (RHRA)
HkE

TEHES (R A)

BKR

E 6 3 2KkEMEEIMEEREH

2) SNEZBKEMRENFREMKNEE, AT ZRKELTRATMEREHKRA, XAR

PREPHLETEMNREHNEN, KT SEKEMREENEREE (B 6).

3) 2012 FEARRKRABREAGRABRS T (BHEFRAMMEEREF TERAME) DB1Y/T
935-2012, AEHBEIFMAHEREHENZIT. BIRM T IE,

6. Hfth T3l

BHBEMRAMBERERARE 2001 FREIEREHURRRAPINCTHRRE . NEELHET
EHhERBFRERS. BREFEIILEMMEK, 1800 241 WE, SENEREE 2000 Hm, BFLE
B BRh A, AlLEFHE. T2 ALET. FRFIE. BERE. ER. FR. T B &
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MAKMEF, RS EBAECRKRBALEENT
ER

1. 4518

B PR B PR RE AN OV A A (R BB RY =
¥, BEBNAIBERRR, BETE 25°CUT,
EEARKAREERENRL, L£XRAUA
KR, EXALUGR. ERNIMIENMHEE /
RIERRERREFLZF BN E,

BHBERRAMERERARE—THRERE

A
éé g‘_‘l lé\ é:élz

SUMMARY OF EXPERIENCE

B9, ey, ERTEMMRFAENREERE
BAR. EUBHKANMTRRELEM TRIREE, &
USKI Tk BRIt BEE, FRFERAEHR
MK, XHTKELZER, MEXMRAEES
E], EEEEFEIINREIRBERNET.
AR EEIEELREFRRICRXZERA
BHERRAMBERERANINERS, 5=+
FLURMBLERAENATRER e, RERENLES
T, TRERHMRHE -SSR, PTUMESRHE
R BE R AR B DA R F B LE A EE
— S RIENS, 7T H RN E AR ST

F5 IERAIR

Fs BFR iz BHER (m?) ik &3

1 LEIERD A VIYN 3 50000 R ERXEM AR BIREN
2 TEIMNEIE SRR FR 62851 FERMBEEX

3 ERITHFBERBC DIYN - 43000 FERBEEX

4 e nky/ LW )14 116000 FERMIEX AL mIF BN
5 BRTHRRSPO VIYN ;3 99600 A AR HRX

6 PN =X 30000 ARKZEAM RMKHETE
7 BIEXRN N AR F=E 800000 FERMEEX

ST

12 B, %% . DB11/T 935-2012

[1] 4 A48 Rybach. B R AEFRA A — I AR FHAFE D], WAKRER 4, 2003 54
[2] R A I IR BAAERIE S TAH AR [S] A R TR FHALAE B, 2011

[8] K 3% , AR A8 . R T IR AIR R R AR T K e BB 5 547 D], =B 4L, 2015, (1) : 45-50
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SUMMARY OF EXPERIENCE

X EREE + XPHAE4& 8
Zee A+ PIVERE (19)
RARG EZMEGIRR

——2023 FHFHMAXRZNIEILX

SHALLOW GEOTHERMAL ENERGY
+ SOLAR POWER MULTI-ENERGY
COMPLEMENTARY HOUSEHOLD
HEATING (COOLING) TECHNICAL

SOLUTIONS AND CASE STUDIES
—— Paper presented at the 2023 World Geothermal Congress

A B ANAIEMARNRNERREHRSPHENR, XBETAMERESHEE
ZREANANNARRGIRMEEEBRIR, A UKL IR mME MmN, 2
DAERZL RN KRAFX X EEMNRISERIE A, N8BT LULEMMAEE + KFH&E
RBZEEMANRNERDAHE (2) NEABBRMERS . £ 2022 F, ZUH
BEREIRTT 6 F, XASHBEFRAKRATIEREZEMMAGE, RGeS EIE,
DRHE, DEEEFATRARILE, NIRRT KNREHRESER. AETEK
. DEEEHFHEER. BENEERFANRESSHEEREFENRE, KRTX
EREZHHR. SCRIRH TH—AREERHBRMNZEBEIAIMHE (2) &
SHE, AIRMRNEBRYNSIHER (2).
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SUMMARY OF EXPERIENCE

X2  EHbAGE ; BHERIRER ; KPRRERSE ; BEEEH ; SPHE (i)

Jqu
ik

REJES R AORSHIEE, BTE
HEAMK, HENREER RN BRLEREN
MREEEE, EERE, BRANSBERA,
R B RN HEAEREMN 152 F Y, RiTE
ERE “WONE. BH=ET REEX, F
—HERNHESEER, WALHEMBIEXR
RFEFEIRERSE. KNKEFTEERFTEH.
DEEHIRIE. BATIRE MR EFHME (2)
5

AR LUL R ABE(E AL 77 AT B S
REVEAREER, MAARAREABRDARIIRN
DRPHE () BE, ZRBERIEARNRES

SEERIXE R

AL R

SEERIEE R

SEEZIMIL

MhaEIRFALS

FHFEIFHA
ShEER R

aftER (%) RYMRIR)=.

1. BRBFE

1.1 ZEHRESPREE (2) &%

EREMAREDH, EREFE, XABH
B AR AREIRF LT AX—ERAER
YR, HLFMBEEERK, BRENTIER
RYR Y, RABHBIHRIRAERRE LB R
RERYD P HEE (%) RARMBHEFRAMEE
MERS, MASPMEERMALL, B
BERRREE S 25°CRRRKREEIRA, AR
WEEATIRE (FARKBARRANN) , RER
BWAE L

AL ER
SR ER
EiE— BiE= BB
. HEEHUK
Eam =g A
S|
%k BSH

PHEFRPGERAERFTEER

1 BIFER IR EE P AR RS RIEE
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éé gll‘l Ié\ é:él:

SUMMARY OF EXPERIENCE

AZFEEERADFTRENEHIRE. BFEESMNR, IXRADABITE. DEEFIAREMH
& (%), EEBERERTEEDATHE, BHEMPMERERSS HEFEARARAZNERNR Lo

T 1 BFFERRRMAEFARERES T EMEARREHES

” HuFhge | HogEMIGSED BB P s e
LR o s, | OUEERNERARY, REENSE;
ErhRE

ARRR S aE SHIRE | HEPIRE | A (2) K (BEIPR; | QRFRERMET 35°C, MECEMAIR

SEARfiER RNEE; | X OKWIRE], TEBRTIFERFER.
R OMEIMIL, BEERUER, QEEG

J— BUAEs; Iy = ok, 57
= PPRERE s s N cetphin. | RAHIEEMAMEERE RS, HhLoit
HRARSR HuFhAE NRIRE DRFIRE | B (8) K Emgﬁﬂ_’.*&; EFEA, Eiﬁﬁﬁﬁiﬁi{ﬂlﬁ%#%ﬂﬁ]ﬁk,

AP RS | Sasiriine, wLlsoms) s,
DHAGER T R AR, &

- BRIGRA, QHEERERGNIEER

PARE T B Tomm | PO T ami | SpiE, SEEsl, Sevie; oF

MERGE P 2kW-3kW EREB R, 43 (Ao iEER

AR B ARER,

1.2 R EIER IWIREFR. T XXX BRI MEMEREN. 38
1.2.1 pEelEid &8RRI XA MEANZHBEALT, B EEIREENSHS, KAE
HBE AT I ENERNN AR AN, MBEMANEEE, HEEEREMR, WNE 2

DEERERIAT, RERE, RECE 16- BN ERNEE EEEAEN S EXIEEE

32°CXiElE . ERHAFEAZKIR, 7 RS, BEERIREUEREEM 3-7°C, ttEESH
UANEBEAMEIRE, FERF, HET BE—FRAHEEMEETE 15% £46. EMEHRR
FTIEE, BRBEAHESERLENRE, RS R E A MIREI REN “RERIT MR, &6
HREREIRENEIES, RIEZERNFFR
HEMNERINEERERRIATFIRER,

ETIRE
1.2.2 EERNEBRAMENE LS
Bzt

HBEREMNZEAN NENEN, EiHh
LEDEEME 0.2-03m BEERE, &
TEEUTEROANE, SHAKEDX
B FHORTURFRATERNAE, EAR
A EEE RIEEXER, iLERX 2 BRI IE R FIRE
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TEEREMEER, BRATRNBRATEAK
R B AR BEFE AN R E RBYR)E,

1.2.3 ZaeB ol gl

AFHREA B ALANIZTEIAN "BXEA,
RELEW", EdESET, XAERKBEMEANA
THREELSFABE, SREELW. EMHE (2)
BPHE, KFHEERHEEMANATHREATIRE,
YAPHREER BEATHAEREIRENFEEE, it
REAERGNKXEERAEMFEEELMHEXKIA
RERFEIEM, BEFRFBEEHMEN ; HARFMEEL
BENTHEATRENEBEN, KMHAELE
ELMATHERAETRS, TR DHBHEN
Rt ; RSB MEHBRIIMEARATIRE
TR RSEHENABEKE T RMAMUNREM
e, AR UERT L En R T EnER .

WEERE R B HBRAMFL B EFEEL, 5K
FREEA BRBERETERZHFREB LN, FHHK
g, RFEARNRZAME (2) NF
KA IE)

2. RN AR

XHMENUTREBEKXOTERE, £
FFYR 5.5-6.5°C, £ EMHEIKITHRE -13.6°C,
BEL AKX, KFAREF SIE5TE 5700-6100 MJ/ i,
BE ERFX,

A
éé g‘.‘[ IE\ é:él:

SUMMARY OF EXPERIENCE

2.1 FXRE

XAMENEFYNBRER, JSMEAN 370mm
s, BfRE, NENREARNERREGE
MEl. BPRAEK 13.2m, BEibK 7.8m, HEE
mfAZY 100 Mo EZLZF18°C. EF 26°CitH,
2 F B R A 10478kWh, £ FH1)2)2 A fa
3323kWh,

BNHIT 2657, 2%k ARITXE. 87
WEERRIREN 1 E—HZ (FIARE 7.6kW, i
AR LIKW) # 1E—HE— (FIRE 3.7kw,
BAINE 0.9kW), 8P KFARERBRA 20 3R
265Wp FRAH, SINE530kWp. ZEEE#H
HEBRGRA 1 & SkW ARFELE, TN 220V
SBREANREREENHFAEBEE, BEH
220V B EERNRERENHITER. LEM
ABE + KFERER B ZREEA D P HEE (%) RS
FEEWR 2,

2.2 AR

NEFE 2022 F 6 AR #17 7 SEHEA[E]
W, RI%236 FEdE, FREE 6 FHNRANA
iR, NAMIEEERE=X, F-XNRER
BIFIRIRE. ZENEE ; 5 XNBEEIHE
(R) #HEEB. ENEE. ERBPUSEFITE.
AELERABEE; F=ZLNKMARLKBE. LR
Weato

F2EEXREMMAEE + KPAGER B SREEHORERRE (12) RS

SRR HEERZIEE

DB P [ \eps i soumrs | sue | —t—t | —=w | & Qoip)
@ GwW) | THE (W) | W) | B (8) B ()

X 223 5 55.2 18.5 64.5 223 223 1181.9

Ax 42 1 9.2 3 12.2 42 42 222.6
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SUMMARY OF EXPERIENCE

3190kWh, & 80% MR F RIGHEEFEIER 18°CLA, B
20% BB P RIRETE 20°CIL L, FIRHEERERAES
A LUER . AP EEIANEREFIRM S E.

2.2.2 ZRNEAEBR

S IMIARNARER, ZRRFERERXABXA
W 18] 55 FF R i8] (5 AN B _E BN EELAVIETT, ERN AV
BHEWE 3, AIUEY, §XE{T< 6h# 7Th-12h &9
ERVL GBI 32% F 48%, ELETIT 21h KL ERY
ERNEE SR 6%, ELEANETHEFPAE) L
BREANRKRE. PEEREDENEAVTES S92 03E.
Wo=iE” HREEN, KRAREMBEERNRE “B95&
B> B8, 1TRTEERKRERE.

2.2.3 RESFELF WS

F 2022 F, MBEBREIEIT 6 F, HAERADHS
600.7 /5 kWh, AXPHgE&BBE+t 1236.04 5 kWh, ZXPFH
BEREBBRAF EAY, Hit EMEE 1026.23 75 kWh,

NXHMBNEKEKKRE2020E8H1H-2021FE7H
31 B Z B RGN EINR 3. £F A B = 8183kWh.
LEMEBE 6794kWh. REHEHABE 1948kWh. HIEEH

3 ZREEHRERITL

3 EHHLIFFHLE R G E

2.2.1 BuE B IS BB

BRI R & R IEIREREE, &
FALFMERABRIEE, S5 —
ANRBES IR 2.53.5t (B IE HIBER
5000kcal/kg), #7&HRME 1.79-2.5t, &
75% B9 SR BE BB B2 18 A < 16°C, 2
BB ERMEMET LA, HERER
BE. BEERPELREHERNE
2, RSB LEHBEESBE 2200-

WES (3160614 | gugs (11150315 | BIAF (06.15-09.15) -
WEE | AMEAE | mEE | AMBEAE | BEE | AEEES

KFABE&R R (kWh) 3391.5 2439 2352.5 8183
APFAEE_EMEE (kWh) 3319.5 1637 1998.5 6955
KABEREER (kwWh) 786 12 550 40 470 30 1948
LEEIRFER (KWh) 1820 762 2582
B&H45%HB (kwh) 168 324 492
TR IEAPEE (KWh) 608.6 350 958.6
EMeBkE (o) 3292.9 1623.9 1982.5 6899.4
mEEZE (7o) -408.7 -1548.9 -513.8 -2471
Bz (7o) 2884.2 75.0 1468.8 4428.0

A OLEMEBNYY 0.992 7T /kWh ([ ElZR%MNS 0.42 T8 /kWh. &4 0.2 7T /kWh. BB 0.372 75 /kWh ) ; WIEEBM A 0.52 7T /KWh;
2FFEBRT ARG, B, KFE. R BRUKES;
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FERADFFEE 4197.6kWh, KFHRER B £
U & 6739.6 7T THEXEE 2R 2473 7T. KES
Wezm 4266.2 TTo

3. ERA%S R

3.1 EFtES R

KRIFBEAELEIIES, BTFERNHES
NARREERE, RERENFMMEFHERBII
B, MABEAFEERITEZSNRANEFIE,
AAEBERFEEYHNAHN

A
éé g‘_‘l lé\ é:élz

SUMMARY OF EXPERIENCE

XA Y—RENEREE, Tt/a;

C—RFRIEMN, TT;

i—$RATFIZE, B 0.0465 ;

n—RGHERED, a (F);

F—RAFIETHER, BIEBRSHIFEE
R, T/a;

EHERNRELEXEK. ESH2FRHN
AR T, BHEERE. PAMETSSEARRANX
M (FARBAARRARY) 755 KHEEELS
AR 2 B RS, MELFUEHTHF, BIX
Wk 4o

HEEAE + KIARE R B RATAFEN 1252
7T/ F, TRERRAN + KEAEAXBRAH
FRFEN 2793 7T / F, T HMEE + KBARER
BZEEEARFRR BEARREF Wato

xa
HEERY h#REE (HMEEARE) + KPHEERHE THREE (RRANMN) + KPARERR

HRIGEEN (o) 28981 18000
APHAER EBIRE (5T) 33962 33962

fERES (F) 20 15

FBEE (T) -4428 -2614.2
HIPERER (T) 629.43 519.62

BRFEME () 1103 2793

&t

OMFEN LR FPHEE (1) RFIR 768 7, KPHBERBRARE 900 H7T;

QIRIEZR 3 EUEATH, Sk EEREEMAEAE KA L MBBFERE 3190.6kWh , BZ=HIi9#FE8E 842kWh, 9B S ARG UL N S, IBE RS 4428 75
@ SEGRIAEANNILEIEN 6000 75/ E P, SSEEGERHRGEINIIERE 55.3kWh/ n' - SRIEZE [6], — MNREELZHIEIEEE 5530kWh; #IId5H
HIZEN 3.5 118, HIISEBHE 950kWh; 1RIER 3 HiRITE, BERKFLUE ) 2614.2 7T;

@UEPETRE IR S RIAN 1% .
3.2 IR B

R EBEME D HKIR, —B D AMERERAERARBURHET RIS SHIBIFE N,
—EB R APHEER BB AR £ MEE T RNFIEN G, BERHHRIE (RREARSSRMHIKER
Rl AERE) " itE, KFRERBFENMENERETFEBHTLEELRRE 017) UM (AIE
ERERENN A TN AE) P It EEIE, SENTRERHRIR 5

27



LA
éé gll‘l Ié\ é:él:

SUMMARY OF EXPERIENCE

%5 SEFERHE
TIEE (tce) ZaERHEE (t) | —|UEHENE (t) | BEHEE (1)
R DBUR 795 f 567.85 2082.90 5.88 8.24
ZES4FE 132.2 A kwh 412.46 1018.79 8.25 4.12
L 980.46 3101.69 14.13 12.36

P

OIRIE ( RRERSISRAIRERREEARTER (0f7) ), “&EME. THAAIRERIRED 3I9: 7.4ka/t BUE (HEREEER 7.4St,d, Heh St,d BY
1) . 10.36kg/t BUE (REFIRTIEIERS Vdaf B 37%, MIRASHEREDY 0.28Vdaf=10.36) , “AMBRAIIR 2.620t BUEITE;
22016 F, £F 6000 FEEALNEB HEBinERE 312 7/ TRAT.

NERENS
T MR 158 B 567.9t
IR, WERER
GEEMHEEES
BE 84.6 5 kWh, X
PHEES L B 216.8
7 kWh, £5428
132.2 &5 kWh, #&
Fol R Z |
HE 7 3101.69t. R
A= SR <
14,13t BAMEEHE
B 12.36t, AB K
YF IR IE M o

4. H—RE M

HESEEESF
g (%) &%

B R RN BE
EEAMREKD, K
ZHS I ERANA
EE=E:P L P A VNS
R, BRBAEBS

28

RERER, FESREHLEN, FEZNABEZRHEARTAES, BE
RARREMENRAFERNHHRBARE . RAZBHAEERE
B+ BIAFHRER B + BT ZREBA R A KU RESTHME (L)
MeFEERE,

BRABEERRH—RERHBEMNREAREDAHE (2) &,
KA A4V RELEARRA, EESKMAEREMHRELET, 3 L—iE= R
FEHHBERLEL 5.5, FIFE 7500W. HIFAINE 1500W ; H)2 2 8200W. #)%
ThE 1360W ; RIfEAMIRGEE MR (%) FRNRESE,

M—AEEERHBEMNNZEBE I ANHE (2) RATEENE 4.

Ao HERMEXMMERERS. BRS. KARAERE. EHl2E.
PLHEFHREETHAN. £EMHE, MERATRATERE 1 HEREREER

THEREN. BIFKRFTRGLIE, R4 XEAREE, HAERRSH

]
RUME  HCHARRRE
5 e . s
lfﬁﬁﬂﬁ 2 r' SR
miemsRe  Eaemm 0 o ooe - EEE
%) HEE
4 s BHERS # HESRARRE
TR ASE

4 ZEBERAH (X)) RERER



ABERR. BEERMEREVAENINRRRE,
BRGNS, BREARAREEFMESRIVER, 7T
B ESFARI R SRR SRR HIBER E RS T 1F,
BB T SR HL R AR R R FF = AL 42 5 i o

ASEAREREE T T ixE A K FE
BB, ZETIRE; EAMMBILE TR, KFARE
REEBNARES ; EEARULSREEEDR
277, REEANLLE ; AENENE EME
s, BRENREFEESHE T Wit.

XMENBLEMEE + XFAELKEZREE

%0124 . 1-5;

157165 ;

Council 2003 Annual Meeting ;

M5, 2019,21 (02) ; 46-50 ;

[8] B A AT kA S AR (2017 )

B, 2022

D)0 dh, 2Ray, Rk, PRAEARR AT BAEAIKATS T akictz D], Z3H5F, 2012 F

[2] Rongjiang Ma, Chunliu Mao, Ming Shan, etal.Occupant control patterns of low temperature air—to—

air heat pumps in Chinese rural households based on field measurements [J].Energy and Buildings, 2017, 154 .
[3] # A8, Ryach, % EWAETTREGA B — L FFERX K6 EH R )], Geothermal Resources
[4] Zi&%, WARSRALAE R A AR R a8 K D], P EMAE, 2015 554 8 47 . 30-33
[5] 1A A TE R b R R A AR R FORAUAE B )

https://www.doc88.com/p—4827396494738.html?s=rel&id=8 ;
[6] SRmJm, ook, R4k 2, FALRARFFERE B ZARTIAWRESH D], whER
[7] RABER AT M AE L m B AR5 d (RA7)

[9] T /A AL IR 8 R TAZIR 47, GB/T 50801-2013:24-26 ;
nol xwede, fkif, Mk, T, AR ERAFTURRRAALEIAKRSHLEZ D/OL], &

https://kns.cnki.net/kcms/detail/11.2832.TU.20220516.1224.002.html

A
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SUMMARY OF EXPERIENCE

PR (2) RS, FALXEMAEIR
NERDFAHE (2), XBPEEETMENIE
MR EIRE, BAEKEE/). BEFS.
D, BREFE. BSUTEFHR, BRT
R BAHERFENRR ; FANSSETNAMRRE
RH, SERANKPIBINZFEN ; REEEH
ABE + ZREEAMIRIFTIEAM LB R M

REBEEERMEB~MPY LT, XEMAEE
g (R) + ETRAFARER B + BT RGRE
IRMRESME (%) MeFHE, BRER
E—H L HEERES, MATRIR. EF5HIRE
MX%&, BFNE W KREBRORNZRN
BEIRAR S,
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B EEERTAXE
thFEEL S )
— (HERFIR) BFEERLS

REVISITING THE TEN KEY
GEOSCIENTIFIC PROBLEMS IN THE

QINGHAI-TIBET PLATEAU
—— (ACTA GEOLOGICA SINICA}) 100th Anniversary

(R S35  IOR 2 TERS TEE S wa L BIER | HET S BEE

1. RASNESEY R MHFAEREATNE, AR TR, BRASAK)
HEWFR, STHRR, 210043;

2. SREHRRIF BB, 1653, 100037;

3. UK, AR, 510275,

4. SPEHPFAY (4650 , J65, 100083

RERE | AXEMHEA T FRSENXERFZRE, NERIREEEIEH "Bk
SEFIRMHIANAR, NEBRRCRLRNAMEABENRERRZR. tEREM
SRRV REHTRR, AXRNTERSROTTAXBEHFRR . © DEX
fEACRRE ; @ EIE - N RERIR ; © SRESRNGRRTEWLER ; @ Hik
LEDAHES TN RLERE ; © SETAUHRBIE ; © FiEsREARYES RA
EZFRM; O MG - - UEREFRSHEIEN ; ® FRERERXEY mRRNDH
5pF ; © FRERERMRTSZENG] ; O MiEERENERIREE R MK —RER
H1F SR, XEREAUEASRARERERAMENFEUHNERTT M.
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Xigin : SRR ; IRREE ; XiEshh=

FReREER LRSS, &R BE. &HHY
BR, BEREEEMBMFIEICHRELTLE, &
BERMANEDHHFIRELESE 200 ZFHH
£, EMEANRRSESRXERNFRE, 7
AR FMRIRCERIAFTHI A S AR R HEER
RIR MR REN SRR EFNEERRESE,
PNEERRANSIEICH) B MR ST8,

ENRE - Rl 128 12 3 2 AU AR SR AL LAY 3 o
F, FHE DR LKNIEE. SRSRET.
EEMRNER. FRERMEBER. KEiH
FERI A AR, 2000km 3T BRI LN A B A &R Y 57R
BT, MERsSRNEMAZNHTER. &
TERNTMARTENS. EERETRBR
MTFERXBMFRD, FARARERSREIVH
BE O HEAMACFESR ; @ HE - Wil¥a
HERR ; @ SRERNGHRMEWLER; @
ELESHEELFRMRLERE ; © 8E5H
BEOREBENSE ; © FREREANNRMNERMY;
@ 191E - Rk - SEBEFRASREIEN; ® &
BeRXBYFHARNIHESRE; © SRSR
RUERETRE S 2B ; © MiEEAVENER S
R ERMM—REE N FL IR, LU IERNT
(MIBTF4R) 100 BEERML R,

7. 19355 - }id - SEBE(ERSEIEEN

AMITEZINREIE A BRI 91EE 3T F K
SHMEFEEEENEM, WHKBEFH. KFM
BT SRS T 2CEE N KK SHEF,
I RN X ig SR R ZE (Molnar et
al.,1993,2010).

Fib, fAFREERMLUKA UILEL A SIFR
(Manabe et al.,1974), A F X 4 AFRY 805
BESETHETEX, BREINEHITELL
SN RM/LAIFEEENE N, HEH
REREARITR (Beaumont et al.,2001;Sinclair
et al.,2005;Wobus et al.,2005),

B, KENHAEATUEBRERISSHE
X, TEIEAFHEANNEREARZMEX
HHEHKWSIET L, TNEXAEARIANER
SINEBEBEIF

mITEREELMNEIBNER (LLEDEF
SRAHER), XiF HEENX"., —MRIAANER
RERZMIKXENET SR 8 -FERAD
ERMMERZENE W, SERERNEIHHE
WA EAH. LF LK BEEHMENEEX
NERB RN EZMNRZF R (An Zhisheng et
al.,2001;Beaumont et al.,2001), A, Si&ES
IR A D FAEEER? XEELER?
VSRR IPKARPR B 7 FATXT “SUZ - 1210 - #9387
M EERNIER,

MIREBINMREIERERIE THES IS
WS BREEREY ARER, A, ERE
SRR IRATHNRARME ZEEEIFE R
(STD) 943 (Burchfield et al.,1992), AL, &
EQNEANESEEENITRIRIANEEEDH
HE L HREERKSHNMRIRER BT,
JELRE 3R AN 3 A SR R T = SR A5 B9 ST X E
7£29 23~17Ma mmE T4 R (B 14)(Beaumont
et al.,2001), X—&EXZEI 72X F (Searle et al.,
2005;Godinetal.,2006;Hodge,2006).

20 tH42 90 FRFH, AMDABERKENE - L
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E 14 SEShkPitzRERENX
CHS—=EDHMER, STD—RPEFER

NI 3 A& E (L A1 8Ma £ A Y2 X 5% EE BX %2 3R (Kroon et
al.,1991;Prell et al.,1992), BERAEMARKE, BEXNNAE
REIZLLERIVINRENZ, AIsEMBFEFSE, EhHER
HA—HRHAINRI, BEfEh#rtthEAZIERHE (29 12~8Ma) |fETFIE,
HA=2ZENXEFERAR (Clift et al.,2018),

Clift et al.(2018) IA A FE L= X2 B 5 $iL 7 B P& % R B9 7=
¥, NERE—PrhittNEFTEERNERRE T FVLH,
BE DR P R RRITRER E 5ttt 2R
NSETZHSIANRERPEEEN, XEKREZMENER
FITRREINIR, (233 T REMBAVITIR

BE&EAIARE, BEEINENER, SEERE
TR BY R S A & IE s 2 FET Y. Webb et al.(2017)
ST TRIANESR#ELFERED. TRIEAMEREN
HAMER, KINBENMSEIHHE 26~2Ma BEH 7T MHLZ R
ERTIBRTREAMNET, BAEUFER, BMEiRERINERD
FIEREIR R, AMEERE (£ 24~20Ma), MAEREE (L9
13~11Ma), XMEHETREZ M PR E o AFES], ENERRH
i AEE 30~25Ma ThE, SEIRFETEMLERFIT E,
MHSHRFIAEBE L, EME SR LR U RETEZEXAM
2% (B 15), ALk, SEEEMNSIHENIEHNERENTE
ESTIRFRIG - F1h - SRS SR EXEE,

Clift et al.(2018) Bl T ML =X E, #M 24Ma BY
RNERZIEFEL, 15Ma NIEERHHR, 8Ma I FIgHA, XL
FIREWRETEAR - SSHENEANSKEEE X, 155
BN ESREREREAT I ENESSENAERRMET
—PMRAWNMBRFERE, FEARRNSRLERE, XMHER
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AeE—EBF 4 E S5 X (Molnar et
al.,2010)

8. BB RXBIEN =R

BHSHEA

H-K-HEEEREEENN
EENHEEXBT =RR, %
BRI, RENTSEF
BEoEABRNXBY Mz— F
¥, MEEBRM. MERSE. 7
IR R T H I IRE & B A AR
W, FERVLRESHOIRBTIRA, HWE
A L HENERERE". HIFE
Hrig A BENL (A B B RY B el i JR 2
FEAEXBEET =R ENEE
45, Hep, BEEER BN
%70 B 51 & = R 2R R L i 5E
558857, TEKHE “FEEIRE P RIR
GRER” SR, W& - HEWS
RER GRENMBRLUFRE -
BAAESEY KN AW SIEBEARI
BITEEEM, F0E- HHEW
HA O e — % Beo Nb.
Ta. Sn. Rb M Cs T ZWE E &
TREEME (B 16 FEFEF,
2015b,2018; 13 /N 5 &, 2017;Xu
Zhiqgin et al.,2020),

I FERERPIACE NN ELE
W, Rk, SWEH
7, mfEEd EEPERL, #ad NE—
SW B FR/REM RN, EZIHKE
A, £ NWHERIEIEKR/R, K&
1800km, ZEM AT KF KM AR =
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15 EPRER A T 8 M B SRS L M in b B MU k4 R = 4EE ( 3k B Webbetal.,2017)

AERFAEMTIENERRIY LER, BIBRMTMRASENESESD, IRAMBSINIZEN, BRSDRE, FHEIRRELEKAIERR

7o (BURTFfARR SHISROFEELL ) , NI EanSifibg . X—idi2nS

RESEUERIEREZE, BNEWHLGEFORERIKEH . A

TEREOIERBESIIFIIZSH, REDUIEIIHZRE R T IXBIRRETEREERIE.

BB AR, WEHAELUFHNERA=8
LEERE - FRENRYARIEERE, T2
=S _PRERTHNELERIRER, KEFRER
ERERUMKEEFREMNES, 1BRTEN
RS A e SEAEEHEXME,
FRESERIET T HEANAFSE~ER,
S5EXRER (WEEEKIER) BUIHEXMER
H1& (Eskola,1949; FEEF, 2015b), A E
SENFHBEEFRENITRELTH, RMRTFA
XA KRBERF. FMHESENIZIR
EREMREREES, UBAERARE, 183
AUBREFRNAREMERANLUEANTENSA
NEEIIMAEERRE (HagkAa). -
HHELUFSET XN MESBEDHES
ELEENEERKIBLNRN=E, HIZIPH
SRENESEREZTETH - EEXTRIEA

N=BLEERXERIREHM.

fian : RERMERERFREEEN FIEN
HINMSRERMESEREPR, 18NT/RAN
morD A &a®s (EEE®F). TFAEH.
dFAS . ARBFA. R8T NEE - &
JB A (Xu Zhigin et al.,2020;Zheng Yilong et
al.,2020), Hfith, LESHBBIERAMKE
SENTERIFTELMINEE : 8ABFATK
aeNREaWEa-BRA - —c8Ra WEa -
BRAaEFMaNyEa - a8FA - —c8/AN
. PEEBZRERFTEAMESEIEHTRHN
FERS, EREFHBERREMEER RN
MR, ILEDHH Mabja FRRESERNEFRSD
wH L WEA+TERFE+TFA T RSN
A%, EeAat+taBFat++Fa+ESEN
+FAE. AlTFAR+ESS+ERENERF
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16 #47% - HEME SR HIBBT FHES HE

A%, A +EBNERTSE (Lee et al,,2004), XL R
EEENERSTHATEES X EREARH MaSEIEY
THEMNEERF .

FRE S EIMER RS 8B X R AR BRE EN
KERAZ—, HRKRAE, RMBEHRE RERMESENERT
SR EERAE (29 210~200Ma) XY B3t AR BBt
w, HiENT R EMSEBUEZEBE N a VR LA A 7
ESENER. MAERAMESEESHRLIATEIRE
WiE, “HpR” GFEESE, 1992) M1 ‘KR (A, 2017)
M= 8 A URERERAMESENMAE. Whitney(2004) A
7, REHEHNEREHIMNEE LANMFERSHNER LB
FERENFIZIEERUNTEERNGINERCDRE. EARMRE
SRR, AEEBELURIPRAE, ERUUSERA
¥, At HREESEEIIIN TSR LRNFERENGIRES
(KR ALY TRER (R AL HI YA R,

5, ESHREHREERTENABERENRNAER
MAFEERN 2RI 7T HEIR (EamF,2017) (B
16) KEALUREHBETENFEREWINIRERRE RS FE
LBRHAEI 58974 (Cérnj, 1991;Cérnj et al.,2005,2012), RE
MBEHREUTHFAERMUNPERERELARAFHRESEDN
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%EB, BRAENENESHREE
FAEX, BNEEX, Eit, X7
MERRENBESHIE, UKE
At NEE RN RS HREHIKE
x&R, ARXBERE. HREH
ERMEFMAT FHEIREREX
Ba®RR, TMXAEBEENRF
BEX, MEXNESHEEZRBY KR
RMBBEENANE,

REHRBTREYN “R-T-ff-
" IESEBEEENNRTS
BEE, MABERN TERNAMNIR
Xrh? @I AMGEIES? B
TEREMRETE? BMEHRBITEN
R -iE - BT JiEERIAN Eit
B

9. FRB RN EMHRTES

ZEIH

AtEBHMBEE =%, A
i, MIENTHEITASKEIEK
A £9 & X4 K ith = A B9 AR A0
MEMRAFHIT, Eib, “UE1E
B’ NRZEBERE R X EN
“BAMBZFRA” (Huntington et
al.,2018), FEERZLIKAMER
BMERERNMX 22—, HPE
EERsRESNEDHMEIREY
HEM SRS RACEAIEH 1K -
EEEht RN RS (B 17).

9.1 EDHRIFEIET
B 1505 F A MBS R LUK,
EEDNHERRYE AR RTRLE
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17 ERERMESHE ( FREREIEEIERE Tapponnieretal.,2001)

7.5 &L E#E 8k, HAPHmANE 1950 FHIR
PR (PFIF=EtE) (Ms8.7). 2005 FHES
NI K/RIE (Ms7.6) #12015 % 4 B 25 H
EamitiZE (Ms7.8) (B 17), 1950 £8 A 15 H
22 BY 9 53 34 FOER[E - R AL 8.6 MIE, B!
N28.290° ,E96.657° (Chen Wangping et al.,1977);
ERRE  35km; Zx I ERIREEKLY 330km,
Fa2y 100km(Coudurier-Curveur et al.,2020), &=
B REE 1200~1300km, 10 EREX KEA
mMBRERER. #EBAIHBS THFIS,
UERZBRENPLZILFREAHER, K
90km, %23 54km CHFEZEE, 1991), REXA
BEE2IELR, WAMRtS™E, #EeEMIL
ZAMEERTR. MBS AERMXIET 3300 Z A ;
ENERFEEIXIET 1500 2 A, ER2BIBFUE
RAHNKFEREHE,

2005 & 10 B 8 H 03 BY 50 43 38 # 1%
EDHNBERTKREAETORME, EH:
N34.460° ,E73.580° (FRET=E&RILF 95km 1L
FEHBENR), BIRAE  19.1km, SET A% :
BEIIEE S A 87350 A, ENERMK/R#X
ERY 1400 AR, ZAMENLZZMEIERZ
MFT, R 2 MBT, M F X =S hiFAY Balakot-
Bagh B /& (Parsons et al.,2005), HEF AL T £
70~110km RYHRAE T, HREXEEULEYN
Tm(Avouac et al.,2006;Powali et al.,2020),

2015F 4 B 25 He A/R#ZE (Ms8.1) B
FAMEMRDBERSSHENS S SN
2T, REMRMEIEREREEAMELTE
REBAL AR AT BB T AT (MHT MR
MMEET AN TW) (B 18), Fik, Xt
EIR AR R AAEXT AR,
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18 2015 4 4 A 25 ABIAR Ms8.1 B R EHiE
MFT—ERIEE TR, MBT—IhRE TR, STD—RIFIRER; MHT—SDhgkE s

9.2 IAEHW - BEIFRBth{FD R

BERXINRA 30 EREREEEPEBINERARNLEH K - BEE
POARAR ERZET 9 R T RUEARME, HEFEIF 1997 F 11 A 18 H
MIZEHMZE (Ms7.9). 2001 11 B 14 HWECH#ZE (Ms8.1). 2008 £
3B21 BN THEHME (Ms7.3). 2008 FE 5 8 12 HHXII#ZE (Ms8.0).
2013 F 4 B 20 HHA WL#E (Ms7.0).2014 £ 2 B 12 BRFHE#E (Ms7.3)

M2017F8 88 HH
AEBME (MsT.0),
Bl & 2021 £5 8 22
HESBBZARME
(Ms7.4) (B 19), Lt
WEIZRRKREA, WEH
7 - BERIR R R 2k
N EXRBTESREME
BROGEAIIHIX, 2Tl
HIRAY BT B
(a3 =peayl I ECH G dlIN
AW ZE) (LinAimin
et al.,2009). IE ¥t 2
(FHEMZE) (LiHaibing
et al.,2009;XuXiwei et
al.,2013), 11 & E & if
B (B NFEAI5E.
ERE) (FEESE,
2021), 333580 £ ERYSE

19 IE=+4F R BEMEH - MBEMRARZEN Ms7 ZUEXME (FPEMRRAEREIMERY =HEMH, 2004)
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20 KEHRTRENSTEREMRAEMRIHALTHRCIRE (BEBESE, 2021)

S AIMEER), HETRMBETIRA “BEXE ;
MmEMRERE A ERRREEBR (MREC -
Bl e 39 B A 1T RE B B AN 8 AR A 1T E B M)
HEFERKMEREREERFA, RREDERFGFHE
TN ABEZ NS B RS RYI BB MBS (F A
EHE S - BEEEABU AR ANNRFERHF
WU 1 PR B BEL4S LA Kz 75 7L R BB b 16 g AR B 3R

1998 &, HEMERN—HEBFER (KE
R. BE. BER. BFEH. KEE) KRBT
EXRMEMSHETH 5REN AR KX,
BT AR E AR E A= 8 2 m AR
SHNSERAER. JEEIHIRER A AL T BEHT E A,
B B E I S RIVETHRIEH R 2 B E R,
BEEENK—EoiARRET (KEES,
2003; KEIRZ, 2004), ECHHIRAEENIRE
BEENSG—NE AN, TEWSTEMRE
HAETURE L, BIER, PEAKRFEL 100%
B 8 kLA EERAE. £980% HY 7 Rk LA L3R EER U
FHREAFE £ (BREF, 2003; KIBFES,

2003; skE RS, 2004; BBENIZE, 2008), f&itF
RERE R EEECHIROR TR ELETF)
L, [ERETFIESMRNENIER, AHK
TIMSHWET R MBEENNERER.

i, FEEFRIBENMRNIEL, BE
FiEm RAEMAEIEHE SRS /REI IR
BMEDHNTH BN IE, BAMEN20OT
ECHHIR ¢ FEERIEBRARHEF ERX. @
RETHBBEIE RIS ERIR. MR RIRAITEIE
RN R AR A AR E IR (B 20), DHIRE
RERBMAE, /REEEBMHE. AEC-MEIT
BEBMTR. I IWLFE PrR. ZREBMHEM
SOy RRNGIL (FEESE, 2021)

EN E KBk R BRI K B AR AR Al 2 B9 o ) 03 42
FUNEIRC TR EEM LA E? XEFEEMMGA
RHRIR, HEHZEMENRRMIRENMERN
7o

(& T GLRFHRY 2022 55 —H
F 3T HLA)

37




CURRENT FOCUS

Editor's Word

In the October of this year, CHYY Development Group Limited entered into an
agreement to acquire China Hydrogen Energy (Shenzhen) New Technology Co., Ltd.
which added the content of hydrogen fuel cell power system R&D and production to
the industrial positioning of CHYY's integrated clean energy systems, and expanded
the application of clean energy in mobile systems. As President Xi Jinping pointed
out in his written speech at the APEC CEO Summit on 16 November,2023: In recent
years, the exports of China's new energy vehicles, lithium batteries, and photovoltaic
products have grown rapidly. The upcoming launch of the national greenhouse
gas voluntary emission reduction trading market will create a huge green market
opportunity. We will accelerate the construction of a modern industrial system,
provide better institutional guarantees for all types of business entities to share the
fruits of development, and constantly cultivate new growth engines and release

greater development space.

CHYY DEVELOPMENT GROUP LIMITED
ENTERED INTO AN AGREEMENT TO
ACQUIRE CHINA HYDROGEN ENERGY

(SHENZHEN) NEW TECHNOLOGY
CO., LTD.

Author: SuHailong, HeTianyue

CHYY Development Group Limited tered into an agreement with China Hydro-
(hereinafter referred to as "CHYY") en- gen Energy (Shenzhen) New Technology
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Co., Ltd. (hereinafter referred to as "CHE")
on October 27, 2023. CHYY conditionally
agreed to acquire CHE, representing 80%
of the company's fully issued share capi-
tal, for a maximum total consideration of
70,200,000 HKD. After the transaction,
CHE will become a non-wholly owned sub-
sidiary of CHYY, and the financial informa-
tion of the target group will be incorporated
into the financial statements of CHYY.

1. CHYY DEVELOPMENT GROUP
LIMITED

CHYY is primarily engaged in the de-
velopment of clean energy industries:

CURRENT FOCUS

hydrogen energy + geothermal energy.
The goal of industrial development is to
replace fossil fuel combustion with en-
ergy sources that cost no more than tra-
ditional energy. Its goal is to ensure the
stable supply of electricity, comfortable
living conditions for people, and the ap-
propriate temperature of the environment
space for the survival and growth of ani-
mals and plants, even in the most severe
climatic conditions.Provide matching en-
vironmental system design schemes and
complete sets of products for buildings in
different climate regions.Is a clean ener-
gy system integrator.

CHYY and CHE participated in the Eco Expo Asia 2023 together
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2.CHINA HYDROGEN ENERGY
(SHENZHEN) NEW TECHNOLOGY CO.,
LTD.

The hydrogen fuel cells produced by CHE
have significant advantages in high power
and long endurance, especially in harsh
weather conditions, where their irreplaceable
advantages are more evident.

3.CHYY DEVELOPMENT GROUP LIMITED
AND CHINA HYDROGEN ENERGY
(SHENZHEN) NEW TECHNOLOGY CO.,
LTD. JOINTLY APPEARED AT THE ECO
EXPO ASIA 2023

The Eco Expo Asia 2023 was held from
October 26 to 29 at the Asia World Expo
Convention Center in Hong Kong. CHYY and
CHE participated in the exhibition together.

This expo themed "Taking the Leap to-
wards Carbon Neutrality" brings together
leading environmental companies from
Mainland China and abroad. It aims to pro-
mote various environmental concepts such
as carbon reduction, circular economy, and
new energy. The showcased products cover
areas including green buildings, energy effi-
ciency, green transportation, green finance,
as well as environmental, social, and gover-
nance (ESG).

CHYY is primarily dedicated to the de-
velopment of the clean energy industry,
focusing on hydrogen energy and geother-
mal energy (heat). Its goal is to replace
the combustion of fossil fuels with energy
sources that cost no more than tradition-
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al energy, providing stable electricity for
comfortable living and creating suitable
temperatures for the survival and growth of
humans, animals, and plants, even in the
most adverse climate conditions. The com-
pany offers environmental system design
solutions and complete products.lts sub-
sidiary CHE is a professional enterprise
engaged in the research, development,
production, sales of hydrogen fuel cells
and power systems, and provides solutions
for zero-carbon green transportation, logis-
tics, and combined heat and power (CHP)
using hydrogen fuel cell products.

During the exhibition, Academician Wu

Academician Wu Qiang from the Chinese Academy of
Engineering (left) visited the company's booth



Qiang from the Chinese Academy of Engineering vis-
ited the company's booth and gained a detailed un-
derstanding of the company's hydrogen energy and
hydrogen fuel cell technology accumulation and prod-
uct applications. Academician Wu fully acknowledged
the development path of "hydrogen energy + geother-
mal energy (heat)". He expressed that enhancing the
development and utilization of hydrogen energy and
clean energy is one of the important approaches to
achieving green, low-carbon transformation. It is also
a significant measure to implement the "emissions
peaking and carbon neutrality" strategic goals and
sustainable development strategies.

At this exhibition, CHE showcased its independent
technological product, a 120KW hydrogen fuel cell

Academician Wu Qiang from the Chinese Academy of Engineering
visited the company's booth

CURRENT FOCUS

power system. The product at-
tracted numerous visitors who
came to inquire and explore.
The core components of this
product have achieved a 100%
localization rate, and it has un-
dergone extensive market-ori-
ented validation in terms of
safety, reliability, and durability
through long-term, multi-do-
main, and diverse application
scenarios. The product has re-
ceived unanimous recognition
from users for its performance
in various indicators.

During the exhibition, He
Tianyue, the Executive Vice
President of CHYY, delivered
a keynote speech, focusing on
introducing the group's core
technological products and mar-
ket application cases. He em-
phasized that while expanding
their existing business, CHYY is
actively positioning itself in the
field of hydrogen energy appli-
cations. The company aims to
create zero-carbon, green, and
intelligent energy system service
solutions. It is gradually improv-
ing its application technology in
the direction of developing and
utilizing green alternative ener-
gy sources that are cost-com-
petitive with traditional energy.
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The ultimate vision of the
company is to gradually
realize the substitution
of traditional fossil fuel
industries with renewable
energy fields, focusing
on hydrogen energy and
geothermal energy (heat).

Following that, Su
Hailong, Market Director
of CHE, presented the
current development sta-

Exchange during the exhibition
tus of the hydrogen ener-

gy and fuel cell vehicle in- the launch event of the company's globally first independent-
dustries both domestically ly developed high-power hydrogen fuel cell power system
and internationally. He designed for heavy-duty transportation in high-altitude and
also introduced the core cold regions.

technological products of The product has a rated power of 150KW and is primar-
CHE and presided over ily suitable for heavy-duty trucks, construction machinery,

He Tianyue, Executive Vice President of CHYY, delivered a Su Hailong, Market Director of CHE, presided over the global
keynote speech launch of the world's first high-power hydrogen fuel cell
product
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and distributed energy systems for heating,
cooling, and power supply. It has made
breakthroughs in key technologies such as
long endurance, high power, and extend-
ed lifespan for hydrogen fuel cell-powered
heavy-duty trucks. The product can op-
erate continuously and stably at altitudes
of up to 3,000 meters and in temperature
ranges from -30 to 85°C, making it suitable
for low-temperature and high-altitude en-
vironments. The system has a rated mass
power density of 647.5W/kg and a service
life exceeding 15,000 hours.

After extensive road testing and valida-
tion, the 49-ton heavy-duty truck equipped

CURRENT FOCUS

with the hydrogen fuel cell power system
has been successfully developed. This
truck is designed to operate in high-alti-
tude and cold regions, adapting to different
road conditions, seasons, and environ-
mental temperatures. It has also received
certification from the Ministry of Industry
and Information Technology of China. In
the future, we plan to conduct batch deliv-
eries in the Xinjiang region, establishing a
demonstration line for hydrogen-powered
heavy-duty truck transportation, which will
contribute to the region's efforts in achiev-
ing the "emissions peaking and carbon
neutrality" goals.

Stability and adaptability tests of the vehicles and hydrogen fuel cell power systems conducted
under various road conditions

43




SUMMARY OF EXPERIENCE

A CASE STUDY OF SHALLOW
GEOTHERMAL HEATING AND COOLING
THE APPLICATION OF SINGLE-WELL
CIRCULATION HEAT EXCHANGE
GEOTHERMAL ENERGY ACQUISITION
TECHNOLOGY IN HAIDIAN FOREIGN
LANGUAGE SCHOOL IN BEIJING AND

HEBEI CAMPUS
—— Paper presented at the 2023 World Geothermal Congress

Author: Xu Shengheng,Wang Jiyang,Yang Mingzhong,Li Daqiu

Abstract

Invented by Ever Source Technology Development Co. Ltd., the "single-well
circulation heat exchange geothermal energy acquisition technology” is a way to
efficiently and safely collect shallow geothermal energy to provide a stable heat
source for buildings. This paper introduces the achievements of applying this
technology to continuous heating in Beijing Haidian Foreign Language School over
the past 20 years. Under the guidance of Academician Wang Jiyang, the case study
of the first phase of the project was presented in "Utilization of Shallow Resources-
Performance of Direct Use Systems in Beijing" by Shengheng Xu and Ladislaus
Rybach at the 2003 annual meeting of Geothermal Resources Council. From 2019,
the school expanded its application in the Hebei New Campus project located in
Zhangjiakou District of the Beijing Winter Olympic Games to meet the needs of
137000 m?* buildings in the new campus, including the heating/cooling of various
winter sports venues and the provision of domestic hot water throughout the year.
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The utilization rate of renewable energy has reached more than 60%, with reduced
carbon dioxide emissions exceeding 1976 tons per annual. In this project, the
"single well circulation heat exchange geothermal energy acquisition technology"
is used to obtain renewable shallow geothermal energy without consuming and
polluting groundwater to achieve zero carbon emissions in the region.According
to the characteristics of decentralized and functional campus buildings, a water-
ring heat pump system with centralized energy collection and distributed cold and
heat source stations is set to realize system energy conservation further. Seasonal
energy storage is used to store heat energy in summer and winter. Heating and
cooling have reached a high energy efficiency ratio.

This paper is a continuation of the paper "Utilization of Shallow Resources-
Performance of Direct Use Systems in Beijing". The long-term continuous and
stable operation has proved that the single well circulation heat exchange
geothermal energy acquisition technology is reliable, simple, reproducible and
widely adaptable. It is a preferred technical scheme to achieve the goal of "carbon
neutralization and carbon peak" in building heating.

Keywords : Shallow geothermal energy, single-well circulation heat transfer

Introduction large reserves, and low development and

Shallow geothermal energy refers to the
heat energy contained within about 100 me-
ters below the surface, and the temperature
is lower than 25 degrees centigrade '". Shal-
low geothermal energy is an important part
of the geothermal energy family because of
its wide distribution, shallowly buried depth,

utilization cost. Shallow geothermal energy
can be developed and utilized on a large
scale, at low cost and stably, by using ad-
vanced single-well circulating heat exchange
technology. Combined with heat pump tech-
nology to improve its heat energy grade
(temperature), so that it becomes an alterna-
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tive energy source for building heating is a
convenient low-carbon path to solve building
heating. In 2003 Mr. Xu Shengheng and pro-
fessor Ladislaus Rybach of Zurich Universi-
ty, taking Beijing Haidian Foreign Language
School as an example, jointly published the
paper “Utilization of Shallow Resources-Per-
formance of Direct Use Systems in Beijing”,
for the first time introducing the use of single
well-circulating heat exchange geothermal
acquisition technology development and
utilization of shallow geothermal energy
for building heating engineering examples.
Adopting single well circulation technology
can avoid groundwater recharge difficulties
and groundwater resource pollution. Attract-
ed the attention of the conference, and since
then, there have been repeated inquiries
from the industry. More than 20 years have
passed, Haidian Foreign Language School
has completed two expansions. Shallow
geothermal energy for heating has also de-
veloped rapidly in China, and single-well
circulation heat transfer technology has
been applied to more than 20 million square
meters of buildings. This paper takes the
study of the latest progress in the Beijing
Haidian Foreign Language School heating/
cooling system as an example. It introduces
its new innovative results and the economic
and environmental benefits in response to
care from all friends who are interested in
the China’s shallow geothermal energy utili-
zation and in the single well-circulating heat
transfer technology.
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1. INTRODUCTION OF SINGLE WELL
CIRCULATING HEAT EXCHANGE

GEOTHERMAL ENERGY ACQUISITION
TECHNOLOGY

Fig.1 is a schematic diagram of a single
well-circulating heat exchange geothermal
energy acquisition well. The well’s upper
sealing device and the lower sealing device
divide the well pipe into three areas, from top
to bottom: the pressurized water return area,
the sealing area and the pumping area.The
well water is pumped by the submersible
pump into the heat pump unit to release heat
(heating) or absorptive heat (refrigeration)
and then returned to the pressurized back-
water area. Through the holes on the casing
pipe, the water flows out of the well and con-
ducts heat exchange with the surrounding
rock and soil. Then through the holes on the
casing pipe, the water returns to the water
pumping area. The above pumping area and
pressurized backwater area should be in the
same water layer to realize the same layer
recharge .

Single well-circulating heat exchange
geothermal energy acquisition well can
achieve 100% of the same well and the
same layer of recharge, avoiding the difficul-
ties in recharge, which is a common prob-
lem in the different well systems. The single
well-circulating heat exchange can store the
heat obtained from the building in summer,
and the heat can be used in winter, realizing
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the winter and summer balance of the underground temperature field around the acquisition

well (Fig. 2).

Temperature (°C)

Ground

Valve chamber
—==— Return pipe
=== Water supply pipe

Pressure
backwater area

Upper sealing device

Sealing area
Lower sealing device

Pumping area

Casing pipe

Fig. 1 Schematic diagram of single well circulatingheat exchange energy acquisition well

= 29.8m
= 50.8m
— T70.3m
— AVG TEMP

Time (2005—2010)

Fig. 2 Underground temperature change curve around of an acquisition well in Beijing
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Beijing Water Environment Monitoring
Center has tracked and monitored the wa-
ter quality of single well geothermal ener-
gy acquisition wells with circulating heat
exchange for 16 consecutive years, and
analyzed 21 indicators of the water body,
confirming that the water quality has not
changed significantly except for the water
temperature in the output and re-injection
water, and the single well geothermal en-
ergy acquisition wells with circulating heat
exchange have not affected the groundwa-
ter quality.Confirm the water quality has no
obvious change and single well circulation
heat exchange acquisition well did not affect
groundwater quality. After expert review,
it is confirmed that single well-circulating
heat exchange geothermal energy acquisi-
tion well technology neither consumes nor
pollutes the groundwater. So it is safe for

the groundwater quality™. It can provide a
large-scale, safe, efficient, and stable ac-
quisition of shallow geothermal energy.

2. OVERVIEW OF HAIDIAN FOREIGN

LANGUAGE SCHOOL

The north campus project of Beijing Haid-
ian Foreign Language School is the first
phase of the school, with a total construc-
tion area of about 60,000 m?. The south
campus project of Beijing Haidian Foreign
Language School is the second phase of
the school, with a total construction area of
about 40,000m?. Hebei campus is the third
phase of the school. It is located in Zhang-
jiakou city, the city of the Winter Olympics.
Zhangjiakou city is in a cold area. Its out-
door meteorological parameters are shown
in Table 1. Construction began in 2019, and

Table 1 Outdoor meteorological parameters of Zhangjiakou city

northern latitude 40° 47"
Station location east longitude 114°53'
height(m) 723.9
Winter 938.9
Atmospheric pressure (mbar)
Summer 924.4
mean annual temperature (°C) 7.8
Winter -15
Outdoor calculation (dry ball) temperature is (°C)
Summer 31.6
Outdoor calculation (wet ball) temperature is (°C) 22.3
The hottest monthly average temperature is (°C) 23.2
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all of the projects have completed by 2022.

Hebei campus construction area of about
137000m’is a new 12-year international
school with a capacity of 5,000 students,
including teaching buildings, office build-

SUMMARY OF EXPERIENCE

Table 2 Building heat and cold load table

ings, scientific research centre, art institute,
theatre, staff canteen, student apartment,
teachers’ apartment, indoor and outdoor
sports venues, and other 10 buildings, the
project building heat load detailed in Table 2.

Design cold Design heat Winter temperature | Summer tempera-
o load load De- is (°C) tureis (°C)
2 sign
§ S .. | Cold heat- hot Winter |In Winter,| Summer | Summer
£ | Name of buildings |area(m )| . . . R . k . .
5 indi- |cooling | ing |thermal | water | interior |the actual| interior |the actual
° cator | load |index| load | load | design | indoor | design indoor
= (w/ | (kW) | (w/ (kw) | (kW) |tempera- | tempera- | tempera- | tempera-
m) m) ture is (°C )ture is (°C )ture is (°C )ture is (°C)
1 1 #Primary school | 19731.65 65 |1282.56| 70 | 1381.22 | 890 18 ~24 19-22 22~ 26 22-24
2 2 # Middle school | 19731.65 65 11282.56| 70 | 1381.22 | 890 18 ~24 19-22 22~ 26 22-24
3 |3#Overseas theater| 7473.8 65 485.8 75 560.54 0 18 ~24 19-22 22 ~ 26 22-24
4 | 4#Comprehensive |\ 00 g0 | 3576 | 90 | 4023 | 0 | 18~24 | 1922 | 22~26 | 2224
Sports Center
5 Ski hall 3327.33 80 266.19 | 90 299.46 0 18 ~24 19-22 22~ 26 22-24
6 | °F 'Ciean”t‘:rsnow 455846 | 80 | 364.68 | 90 | 41026 | 293 | 18~24 | 1922 | 22~26 | 2224
6 # International
7 .. . 30456.21 65 |1979.65| 70 | 2131.93 | 890 18 ~24 19-22 22~ 26 22-24
Ministry High School
7 # International De-
8 | partment of Junior | 29849.06 | 65 |1940.19| 70 |2089.43 | 890 | 18 ~24 19-22 22 ~26 22-24
High School
9 8 # Kindergarten 14253.35 75 1069 80 | 1140.27 | 197 18 ~24 19-22 22~ 26 22-24
10 | H# L;ﬁ'ilsé'icnsgomce 356493 | 75 |267.37 | 80 | 285.19 | 141 | 18~24 | 1922 | 22~26 | 2224
11 amount to 137416.48 9295.59 10081.82| 4191
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Buildings

The first acquisition pipe
network

Single well circulating heat exchange
geothermal energy acquisition wells

Buildings

Buildings

Distributed cold
and heat station

Centralized heat
exchange station

Distributed cold
and heat station

Distributed cold
and heat station

Buildings Buildings

Fig. 3 Principle of distributed cold and heat source system

The project is the Beijing Olympic Education
Demonstration School for the 2022 Winter
Olympic and Paralympic Games and the ice
and snow sports base where the General
Administration of Sport of China will reserve
Chinese national junior team talents for the
Olympic Games.

At present, there are 10 buildings on
Hebei Campus. Due to the large campus
area, the buildings are scattered, with rel-
atively large surface elevation differences
and different use times and frequencies. The
shallow geothermal energy distributed cold/
heat system is selected for heating /cooling
and domestic hot water. The system is com-
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posed of multiple single well circulating heat
exchange geothermal energy acquisition
wells, a shallow geothermal energy central-
ized heat transfer station, a distributed cold
and heat station, and the terminal system in
the buildings.

As shown in Fig.3, the multiple single well
circulating heat exchange geothermal ener-
gy acquisition wells forms an acquisition net-
work. The energy is transferred to the cen-
tralized heat exchange station through the
first pipe network. By the second pipe net-
work, the heat is distributed to the cold and
heat stations, where the temperature will be
adjusted for heating or cooling, then through
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the third pipe network to the buildings, in
which the fourth pipe network distributes the
heat or cold to rooms.

3. DESIGN OF SHALLOW GEOTHERMAL

ENERGY ACQUISITION WELL

According to the formation lithology of the
project location, the main parameters of the
acquisition well are:117m deep, the open
hole 194mm, and the final hole 194mm (Fig.
4). The project adopts the DTH and pipe drill-
ing technology. Compared with the impact
drilling and well-forming technology in the
first phase of the school, the new well-form-
ing technology effectively improves the drill-
ing efficiency and reduces the construction

cost. After the acquisition well is formed, the
acquisition well is tested. The static water
level of the acquisition well is 63m, the dy-
namic water level is 72m, the water output is
44m3 / h, and the circulating water quantity
is 50m?3 / h. The water supply temperature of
the acquisition well is 15°C and the backwa-
ter temperature is 10°C . Well heating (cold)
power formula: N=1.16xQx| T2-T1 |,

The heat transfer power of the acquisi-
tion well is: N=1.16x50%| 15-10 | =290kW.

4. ENERGY CONSERVATION AND
EMISSION REDUCTION EFFECT

4.1 Operation energy consumption
statistics

Table 3 Statistical table of energy consumption data in heating Season 2021-2022

Annual heat-| Annual .. Annual
Cold heat ing power ower Electricity :"T,‘al P
Order A . source EP . i price (RMB CEMI ] .
Name of buildings Area (m) . consumption| consump- cost (ten |ter heating
number station e . Yuan/ kW.
system (ten million [tion (kW .h h) thousand | fee (yuan /
4 kW .h) fint) yuan) i)
1 1 # Primary school 19731.65 |1 # Station 47.85 24.25 0.4721 22.59 11.45
2 2 # Middle school
27205.45 | 2 # Station 50.66 18.62 0.4721 23.92 8.79
3 3 # Overseas theater
4 4 # Comprehensive
Sports Center
1797.37 3 # Station 18.02 23.11 0.4721 8.51 10.91
5 Ski hall
6 5 #Ice and snow center 4558.46 4 # Station 6.96 15.27 0.4721 3.29 7.21
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A lheat-| A l .. A l
Cold heat ?nnuaoweei :":J:r Electricity ;\nm.xal ’ ugrr‘:ame
Order — 2 source Ep . P price (RMB eating 59 .
Name of buildings Area (m) . consumption| consump- cost (ten |ter heating
number station . X Yuan/ kW.
<ystem (ten million [tion (kW .h h) thousand |fee (yuan /
y KW .h) /i) yuan) )
7 |G International Ministry | 50,0001 | 5y station|  51.02 16.75 0.4721 24.08 7.91
High School
7 # International De-
8 partment of Junior High | 29849.06 | 6 # Station 45.55 15.26 0.4721 21.51 7.20
School
9 8 # Kindergarten
17818.28 | 7 # Station 38.98 21.87 0.4721 18.40 10.33
10 11 # Logistics Office
Building
11 amount to 137416.48 259.03 19.30 122.29 9.11

4.2 Comparison of operation energy consumption in the first, second and third phases
of the school

Table 4 Comparison of operation data of geothermal energy heat pump environmental system of Phase 1, Phase Il and

Phase Il projects of Haidian Foreign Language School

Comparison table of operation data of geothermal energy heat pump environmental system in Phase |,
Phase Il and Phase Il of Haidian Foreign Language School

nzlr:g;r Compare the content R anga?;fli)" (Haidian Phase Il (Hebei Campus)
1 area of structure 100000 137416.48 m
2 Heating start time On October 25 October 15th
3 Heating end time April 2nd March 31st
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Comparison table of operation data of geothermal energy heat pump environmental system in Phase |,
Phase Il and Phase Il of Haidian Foreign Language School
order Phase | and Phase Il (Haidian .
number Compare the content Campus) Phase Ill (Hebei Campus)
4 Refrigeration start time May 18th June 8th
5 Refrigeration end time September 20th September 15th
6 Water supply temperature of the acquisition well 16.5°C 15°C
in heating season
7 Return temperat#re gf water acquisition well in 13.5°C 10°C
eating season
8 Water supply temperature at the end of the 42.2°C 42°C
heating season
9 End return temperature of heating season 37.9°C 38°C
10 Total energy consumption in heating season 3792000kW.h 2590300kW.h
11 Energy consumhptlo.n per square meter in the 37.92kW.h 19.3kW.h
eating season
12 Water supply temperature of the acquisition well 28°C 20°C
in the cooling season
Return water temperature of the recovery well in o o
13 the cooling season 30.3°C 24°C
14 Water supply temperature at the end of the 13.8°C 12°C
cooling season
15 End return temperature of cooling season 15.4°C 15°C
16 Total energy consumption in refrigeration season 1474000kW.h 847900kW.h
17 Energy consumptlgn persquare meter during the 14.74kW.h 6.17kW.h
refrigeration season
18 Total energy consumption for the year 5266000kW.h 3438200kW.h
19 Average annualenerg;%ec&r;sumptlon per square 52 66kW.h 25.02kW.h
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Compared with Phase | and
Phase Il of the Haidian Foreign
Language School Project, the de-
sign of the acquisition well system
and the primary and secondary
pipe networks are more scientific
and reasonable, and the annual
energy consumption per square
meter is reduced by 52.49%.

4.3 Energy conservation
and emission reduction
achievements

The total energy consump-
tion of the project in the heating
season is 2.5903 million kW.h,
equivalent to 318 tons standard
coal. Compared with direct elec-
tric heating, it can save about
800t standard coal, and the utili-
zation rate of renewable energy
reaches more than 60%, which
can reduce CO, every year
Emission by 1976 tons, reducing
SO, emission by 16 tons and
dust emission by 8 tons.

5. MAJOR TECHNOLOGICAL

PROGRESS AND
INNOVATION

In the past 20 years, the
single-well circulating heat ex-
change shallow geothermal
energy heating technology has

SUMMARY OF EXPERIENCE

achieved the following developments and innovations:
1) An acquisition well with heat exchange particles is
invented. The well water is pumped out by the submers-
ible pump placed in the bottom pumping area of the
casing pipe. After entering the heat pump unit to release
or absorb heat, the water unit returns to the upper pres-
surized return water area of the geothermal energy ac-
quisition well. The water flows downward in the annular
space with heat exchange particles to the pumping area
?l Heat exchange particles are placed in the annular

Ground

Valve chamber

Return pipe
Water supply pipe

Heat exchange
particle

Pressure
backwater area

Upper sealing device

Water pipe

Sealing area . .
9 Lower sealing device

Pumping area

Casing pipe Pump
Out casing
pipe

Fig. 5 Acquisition well structure with heat transfer particles
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Fig. 6 Multi-aquifer geological structure geothermal energy
acquisition well

space around the well pipe to improve the geological
environment locally and expand the range of high-ef-
ficiency heat transfer (Fig.5). The heat exchange par-
ticles should be spherical bodies with a diameter of
10mm-100mm, with a strength greater than 50 MPa .

2) In view of the problem of cross-layer pumping in
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multi-aquifer geological structures,
the multi-water layer geothermal
energy acquisition technology has
been developed. Two or more well
stacking and sealing structures
are used to realize the same layer
recharge of a multi-aquifer geolog-
ical structure(Fig.6).

3) In 2012, Ever Source Tech-
nology Development Group Co.,
Ltd. compiled the Technical Code
for Single Well of Geothermal En-
ergy Collection with Circulation
Heat Exchange DB11 / T 935-
2012. Beijing Municipal Water Bu-
reau issued it as a local standard,
and it provides the specification
for the design and construction of
the single well-circulating heat ex-
change geothermal energy acqui-
sition well.

6.0THER ENGINEERING
CASES

Single-well circulating heat
exchange geothermal energy ac-

quisition technology has been well
recognized and rapidly promoted
since its launch in Beijing in 2001.
Now it has been extended to
large areas in China except Hong
Kong, Macao, Taiwan, and Hain-
an Province. It has been used in
a total of more than 800 projects,



with a total construction area of more than
20 million m?. Building types include: gov-
ernment offices, commercial office buildings,
residential buildings, large shopping malls,
stadiums, archives, hospitals, schools, indus-
trial buildings, landscape pools, etc. Table 5
shows some examples of major works in and
around Beijing.

7. CONCLUSION

Shallow geothermal energy is the prod-
uct of both solar energy and geocentric
heat. It is a clean and renewable ener-
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gy source at temperatures below 25 °C .
With the help of heat pump technology to
change its heat energy grade, winter can
be used for heating, and summer can be
refrigerated. In the field of construction,
alternative energy to heating has great de-
velopment and utilization value.

Single well-circulating heat exchange
geothermal energy acquisition technology
is original, advanced, and suitable for a
variety of geological conditions. It takes
the circulating water as the medium to
collect the shallow underground heat en-
ergy, which can realize the recharge of

Table 5 Engineering Case Table

Order Area of
number Name Use structure(m?) Address remarks
The All-China Federation of . s
1 Industry and Commerce office offlge 50000 De.shengme.m West Street, |nd|.V|unal
T building Xicheng District, Beijing building
building
2 Haidian Foreign Language school 62851 Haidian District, Beijing
School
Hong Kong and Macao Center, office - I
3 National Academy of Governance | building 43000 Haidian District, Beijing
4 The Golden Four Seasons commerce 116000 Xibei Fourth Ring Road, Dian individual
Shopping Center District, Beijing Municipality building
5 Xiongan Civic Service Center offlge 99600 The Xlonggn Neyv Areain
building Hebei Province
. Landscape pool
6 National Grand Theater landscape 30000 West side of the Great Hall of temperature
the People
control
7 |Haidian D'St”Ffrtont‘cr?'Appl'cat"’” house 800000 Haidian District, Beijing
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the groundwater in the same layer without
consuming or polluting the groundwater,
so it is safe for the groundwater. Now the
technology has gone abroad, and some
demonstration projects in the United
States have been put into operation.

The Hebei Campus of Beijing Haidian
Foreign Language School is a new case
of using the single-well circulating heat ex-
change geothermal energy acquisition tech-
nology. The system is more reliable and safe
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than 20 years ago. The energy efficiency
ratio of the system has been improved, and
the energy conservation and emission re-
duction effect has been further enhanced. It
can be expected that the single well geother-
mal energy collection technology for circulat-
ing heat exchange will help the development
and utilization of shallow geothermal energy
to further play its advantages and make con-
tributions to the early realization of the dual
carbon goal.
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SHALLOW GEOTHERMAL ENERGY
+ SOLAR POWER MULTI-ENERGY
COMPLEMENTARY HOUSEHOLD
HEATING (COOLING) TECHNICAL

SOLUTIONS AND CASE STUDIES
—— Paper presented at the 2023 World Geothermal Congress

Author: Liu Baohong, Li Yanchao,Shi Yongliang,Yang Mingzhong,Li Song,
Wang Xuezhi,Guan Xiuhu,Xu Shengheng

Abstract

The shallow geothermal energy is used to provide household heating heat
source for rural buildings, and the rooftop solar power generation and commercial
power are complementary to provide driving power for the heat pump system,
which can realize the optimization of environmental and economic benefits.
Taking the actual project of Yihepu rural in Zhangjiakou competition area of Beijing
Winter Olympic Games as an example, this paper introduces the application and
practical benefits of taking shallow geothermal energy + solar power generation
energy complementary as household heating (cooling) in rural buildings. By 2022,
the project has been stable operation for 6 years, using single well circulating heat
transfer technology to collect shallow geothermal energy, centralized geothermal
energy exchange and transmission, household heating,the heat pump equipment
in each room is independent, successfully solved the rural family heating high
energy consumption, poor thermal comfort, points room control difficulty, low
distribution network capacity of rural family clean heating common problems,
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realize the regional heating zero carbon emissions. At the end of this paper, a

new generation of low-voltage DC power supply driven multi-energy coupling

household heating (cooling) system scheme is proposed, which can realize zero-

carbon heating (cooling) in rural buildings.

Household heating (Cooling)

Keywords : Shallow geothermal energy, Single well circulating heat exchange,

Solar power generation, Multi-energy complementary,

Introduction

Rural areas in northern China have a
large population and a wide area, belonging
to severe cold or cold regions. Historical rea-
sons cause the poor insulation performance
of rural building maintenance structure, the
high height, and the building area is gener-
ally large, which is 1.5-2 times higher than
the heating energy consumption of urban
residential buildings'". Rural housing needs
a " intermittent heating and part of the room
heating" heating mode'. On the other hand,
the rural power supply capacity is limited, it
is difficult to realize the conventional electric
heating and other electric replacement of
coal heating transformation. Rural house-
holds need a heating (cooling) system with
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low power distribution, flexible division con-
trol, energy-efficient, environmental protec-
tion and economy.

This paper proposes shallow geother-
mal energy as an alternative energy source
for rural building heating in northern China.
Solar power generation driven heat pump
operation for rural household heating (cold)
to provide solutions and attempt to solve the
bottleneck problem of clean heating (cooling)
for rural households in northern China.

1. TECHNICAL SOLUTION

1.1 Shallow geothermal energy
household heating (cooling) system
Shallow geothermal energy is widely
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Geothermal energy transmission pipe network Geothermal energy transmission pipe network
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Fig. 1 Schematic diagram of the single-well circulating heat exchange geothermal energy household heating system

distributed and rich in reserves. The single
well circulating heat transfer technology to
develop and utilize this energy source for
heating, cool buildings and make domestic
hot water, which has a good energy sav-
ing and environmental protection effect™.
Using single well circulation heat transfer
centralized collection shallow geothermal
heat energy household heating (cooling)
system is referred to as single well circu-
lation heat exchange geothermal house-
hold heating system, using centralized
geothermal energy heat exchange station,
the heat source water with a temperature
below 25 degrees Celsius is transported
to the heat pump equipment in each room

through the geothermal transmission pipe
network. The indoor unit of heat pump
equipment is heat pump heat fan type sim-
ilar to ordinary split air conditioning. The
system shown in Fig. 1.

The system has the advantages of flexi-
ble control and simple operation of ordinary
household split air conditioning, which can
realize household electric metering and sep-
arate room control for home heating (cool-
ing), and the power distribution is lower than
ordinary split air conditioning. The differenc-
es between single well circulating heat ex-
change geothermal energy household heat-
ing system and ordinary geothermal source
heat pump system are shown in Table 1.
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Table 1 The differences between single well circulating heat exchange geothermal energy household heating system

and ordinary geothermal source heat pump system

Geothermal
Geothermal | energy side User-side
energy transmission | Heat pump heating End A
SR exchange and unit (cooling) | equipment RIS
system distribution medium
system
@ Can consider the simultaneous
General use coefficient to reduce the
geothermal Centralized installed capacity; @ Heat source
source collection of | Centralized | Centralized Heating Radiator; | temperature is not less than
heat pump cothermal settin settin (Cooling) |radiantfloor;| 35°C, and the transmission and
system g ener 8 g water fan coil; distribution pipe network has
for central 8y heat loss; ® Big pot rice system,
heating which can not meet the different
needs of each household.
. @ Individual independent, meet
S(;SP:Z?;yal differentiated needs; @ Is suitable
g Collect . . .| forburied pipe geothermal
source h l hold hold Heating Radiator; llecti drilli
heat pump geotherma Househo Househo (Cooling) | radiant floor; energy collection system, drilling
energy Settings Settings ... 7| area, construction cost is greatly
system for water fan coil; . S
household separately affected by geological conditions;
h ® Overall heating, difficult to
heating .
achieve separate control.
@ Geothermal energy
collection can consider the
same use coefficient, reduce
Single-well the construction cost; @
circulating Geothermal energy transmission
heat Centralized Household and distribution system for
exchange . . setting, Heating low temperature heat source
collection of | Centralized o - Heat pump o e
geothermal . divisionand | (Cooling) (25°C ) transmission, less heat
geothermal setting heat fan . :
energy ener each room gas loss; ® Can achieve household
household &y matching measurement, separate control,
heating behavior energy saving; @ 2kW-
system 3kW per household distribution,
ordinary split air conditioning
distribution can meet the capacity
requirements.
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1.2 SYSTEM INNOVATION

1.2.1 Indoor unit configured in the sub-room

The heat pump equipment in each room is independent.
Therefore, the user can adjust the temperature start and stop,
and the temperature in the room can be controlled in the range
of 16-32 degrees Celsius. Even if the machine is not running,
it will not be frozen. Turn on the equipment when people enter
the room, and turn it off when they leave the room. This design
innovation avoids the energy waste caused by the heating of the
entire building, and is conducive to the realization ‘intermittent
heating and part of the room heating’ heating mode. Geothermal
energy household heating equipment is frequency conversion
control, adjusting the working frequency of the heat pump unit
according to the number of indoor unit used and indoor and out-
door temperature, high efficiency and energy saving.

1.2.2 Floor-type lower air outlet structure heat
dissipation design suitable for rural building heating

The indoor unit of geothermal household heating system is
a Floor-type lower air outlet structure, which is installed on the
ground or 0.2-0.3m wall hanging from the ground. The main air
outlet is below and the secondary air outlet is up. The lower air
outlet is the main air outlet,while the upper outlet can flexibly ad-

Fig. 2 Floor-type lower air outlet structure heating room temperature field

just the angle of the air
outlet, and the warm
air heating is direct-
ed in the space of the
people in the room, so
that the active area can
quickly heat up.In the
special lower outlet air
supply the air can flow
and spread close to the
ground. As the hot wind
gradually rises naturally,
the temperature of the
whole room rises uni-
formly, to achieve the
comfort of floor heating,
and the heating speed is
fast, as shown in Fig. 2.
The temperature of
the indoor unit heating
room is 3-7 °C higher
than that of the roof and
surrounding space and
the heating energy con-
sumption is reduced by
about 15%. Floor-type
lower air outlet structure
heat dissipation makes
the room temperature
have the effect of a high
temperature near the
floor space, improves the
room temperature and
comfort, and solves the
problems of large heat-

63




SUMMARY OF EXPERIENCE

ing energy consumption and low temperature
caused by the large space of rural buildings.

1.2.3 Multiple energy sources
complement each other

The operation mode of the solar power
generation system generate electricity given
priority to own use and the rest is sold to the
grid. In the transition season, solar power
generation is preferentially used in house-
hold appliances, the rest electricity is sold to
the grid. In the heating (cooling) period, solar
power generation is preferentially applied
to geothermal energy heating equipment.
When the solar power generation is greater
than the power consumption, the power con-
sumption of geothermal energy heating sys-
tem and household appliances is all provided
by solar power, When the power is less than
the power consumption, the rest is provid-
ed by the municipal power grid; The heat of
the system comes mainly from shallow geo-
thermal energy, heat pump equipment con-
sumes only a small amount of electricity.

The power consumption of heating and
cooling system is less, and the coupling with
solar power generation can generate more
surplus green electricity, which brings eco-
nomic benefits, and well solves the demand
of heating (cooling) and income generation
of rural buildings.

2.DESIGN PARAMETERS AND
OPERATING DATA OF THE CASE

Yihepu Rural is located in Huailai Coun-
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ty, Zhangjiakou City, near by the the Beijing
winter Olympics center. The annual average
temperature is 5.5- -6.5°C , and the heating
design temperature in winter is-13.6°C . It is
a cold area A. The annual total radiation of
solar energy is 5700-6100 MJ / m®, which
belongs to the second class resource area.

2.1 Scheme configuration

The buildings in Yihepu Rural are all sin-
gle-story buildings, with 370mm red brick
wall and no insulation, and the doors and
Windows are single-layer wood or single-lay-
er aluminum alloy materials. Each household
is 13.2m long from east to west and 7.8m
long from north to south, with a heating area
of about 100 m*. According to 18°C in winter
and 26°C in summer, the annual heating heat
load is 10,478 kW.h, and the annual cooling
load is 3,323 kW.h.

The whole rural has 265 households,
divided two areas, east and west. Each
household designs two geothermal energy
household heating equipment, one equip-
ment has 7.6kW heat, input power 1.9kW,
the other equipment has 3.7kW heat and
input power 0.9kW. Each household solar
power generation uses 20 265Wp photovol-
taic modules, with a total power of 5.30kWp.
The multi-energy complementary power
supply system adopts a 5kW photovoltaic
inverter, which is connected to the 220V
line to the original indoor distribution box of
the home, and then connected to the indoor
low-voltage distribution network through the
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Table 2 The configuration of Shallow geothermal energy + solar power generation multi-energy complementary
household heating (cooling) system

Geothermal energy
Geothermal energy heat exchange station household heating
equipment
Solar
Number of power
Subregion | households Circulation generation
(households)| Number of |Submersible| pump power | Aggregate draonzne 2:3 ‘:::f power
single well | water pump of heat capacity ufr’itit uantit (kWp)
(individual) | power (kW) exchange (kw) ?station))l q(table)y
station (kW)
Eastern 223 5 55.2 18.5 64.5 223 223 1181.9
Conference
Western ) 1 9.2 122 ) ) 2226
Conference

220V line. Shallow geothermal energy +
solar power generation multi-energy comple-
mentary household heating (cooling) system
is configured as shown in Table 2.

2.2 Operating data of the case

In June 2022, the company conducted a
field investigation and return visit to the proj-
ect, to feedback the data of 236 households,
and sorted out the system application data
for 6 years. There are mainly three types of
operating data. The first type is coal burning
amount and indoor temperature before reno-
vation; The second type is heating (cooling)
power consumption, indoor temperature, in-
door heat dissipation equipment startup time
and daily living electricity consumption; and
the third type is solar power generation and
actual income.

2.2.1 Comparison of heating before

and after renovation

Before the renovation, farmers burned
coal-fired stoves for heating, and manu-
ally added coal blocks and removed coal
cinders every day. Each household in one
season burns is 2.5-3.5t (the calorific value
of bulk coal is 5000kcal / kg), equivalent to
the standard coal of 1.79-2.5t. There are
75% of the home heating room temperature
is lower than 16 °C , the room temperature
changes greatly with the operation of coal
addition, the heating temperature is not sta-
ble. After the transformation, the farmer re-
mote control controls the indoor units start
and stop, easy to operate. Winter heating
power consumption is 2200-3190kW.h, 80%
of the user feedback heating room tempera-
ture is about 18 °C , 20% of the user feed-
back temperature is more than 20 °C , and
the geothermal energy household heating
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Fig. 3. Table chart of the startup time of the indoor unit

system can be used as a cooling system in sum-
mer. Users generally regard it as comfortable and
convenient.

2.2.2 Use of the indoor unit

According to the field research and user feed-
back,most farmers use the mode of " only turning
on the indoor unit of the room in use during the
day, and only turning on the indoor unit of the bed-
room at night" . The boot time cake chart of the
indoor unit is shown in Fig. 3. It can be seen that
the proportion of indoor units running < 6h and
7h-12h per day accounted for 32% and 48%, re-
spectively, and the number of indoor units running
continuously for 21h or more accounted for 6%.
The users of continuous use are families with chil-
dren or sick elderly people. Our specially designed
indoor unit with room adjustment conforms to the
heating mode of " intermittent heating and part of
the room heating" , which meets the habit of ‘saving
energy’ in rural families to the maximum extent,
and behavior energy saving and reduces energy
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consumption.

2.2.3 Annual economic income
of families

By 2022, the project has been in
stable operation for 6 years. The total
power consumption of the geother-
mal energy household system is 6.00
million kW.h. The total solar power
generation is 12.36 million kW.h and
the amount of electricity delivered to
the grid is 10.26 million kW.h.

The benefits of the multi-ener-
gy complementary system from the
Zhang’s home from August 1,2020
to July 31,2021 are shown in Table
3. The annual power generation
is 8183kW.h, the on-grid power is
6955kW.h. Excluding heating and
cooling households, the annual elec-
tricity consumption is 1,948 kW.h,
and the annual power consumption of
the heating and cooling households
system is 4032.6kW.h. Solar power
generation income is 6899.4 RMB,
the electricity purchased is 2471
RMB, and the total household net in-
come is 4428 RMB.

3. APPLICABILITY ANALYSIS

3.1 Economic analysis

In the implementation process of
rural electricity replacing coal, the life
span and maintenance costs of the
system equipment are different due
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Table 3 The benefits of the multi-energy complementary system

(-g;a?é’{gg '12%2522_ Heating Season (11.15- | Refrigeration Season
5 .14,09. o
11.14) 03.15) (06.15-09.15)
Annual
Solar Solar Solar
Municipal | electrical | Municipal | electrical | Municipal | electrical
electricity energy electricity energy electricity energy
generation generation generation
Solar Power Generation (kW.h) 3391.5 2439 2352.5 8183
Solar grid power supply (kW.h) 3319.5 1637 1998.5 6955
Household Consumption (kW.h) 786 72 550 40 470 30 1948
Winter heating and power
consumption (kW.h) 1820 162 2582
Power consumption in summer
refrigeration (kW.h) 168 324 492
Apalized electricity quantity of
heat exchange station (kW.h) 608.6 350 958.6
Electricity income (RMB) 3292.9 1623.9 1982.5 6899.4
Municipal electricity charges -408.7 -1548.9 513.8 2471
(RMB)
Total income (RMB) 2884.2 75.0 1468.8 4428.0

to the residents' different choices of heating
methods. The annual cost value method is
used to calculate the economics of each
system. The formula of the annual system

cost value Y is:

In: annual value of Y —— system,RMB / a;

C —— system cost,RMB;
i —— Bank interest rate, take 0.0465;
1

system lifetime;year(a);

F Annual operating expenses of the ——
system, including electricity charges and main-
tenance and management costs, RMB / a;

On the premise of meeting the needs of
rural households for heating in winter and

cooling in summer, analyze the economics of
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geothermal energy household heating system and solar power generation coupling system and
household low temperature air energy heat pump and solar power generation type coupling sys-
tem, as shown in Table 4.

Table 4 Cost comparison of the system

Geothermal energy (Geothermal energy .
Heating(Cooling) system household heating) + Solar power AT heaetnpell',:;i': : Solarpower
generation g
Heat pump equipment cost (RMB) 28981 18000
Solar power generation
equipment (RMB) 33962 33962
Service life (years) 20 15
Annual electricity charge (RMB) -4428 -2614.2
Maintenance and management 629.43 519.62
expenses (RMB)
Annual value of cost (RMB) 1103 2793
Remarks:

@ Yihepu Rural shallow geothermal energy household heating (cooling) system investment of 7.68 million RMB, solar power generation
system investment of 9 million RMB;

(2 According to the data in Table 3, the heating heating consumption is 3190.6kW.h in winter and 842kW.h in summer, which all include the
shared power of the geothermal energy heat exchange station; the total income of the coupling system is 4,428RMB;

@ Air energy heat pump, the heat fan equipment costs 6000RMB / set[5], Air energy heat pump energy consumption 55.3kW.h/m’ -
heating season[6]The heating energy consumption of a household in winter is 5530kW.h; the refrigeration coefficient is calculated as 3.5,
and the refrigeration power consumption is 950kW.h; According to the data of Table 3, the total annual income of the coupling system is
RMB 2614.2RMB;

4 Maintenance and management expenses are estimated at 1% of the total system investment.

The annual cost of geothermal energy household heating system+ solar power system is
1252RMB / year, and the annual cost of air energy heat pump + solar power system is 2793RMB /
year. The promotion of geothermal energy + solar energy multi-energy complementary system has
greater economic benefits.

3.2 Environmental benefit analysis

Environmental benefits mainly come from two parts. The one part is the zero-pollution and
zero-emission environmental benefits brought by the system replacing burning loose coal for
heating, and the other part is the environmental benefits brought by solar power generation
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replacing the production and transmis-
sion of thermal power plants. Reduction of
loose coal according to Technical Guide for
Preparation of Air Pollutant Emission List
of Civil Coal[7]Calculate the environmental
benefits of solar power generation accord-
ing to China Power Industry Annual Devel-
opment Report (2017)[8]And the Evaluation
Standards for Renewable Energy Building
Application Engineering[9]Calculated data,
the annual energy saving and emission re-
duction are shown in Table 5.

Before the transformation, the whole
rural burned 567.9t standard coal of loose
coal every year, the geothermal energy
heating system consumed 846,000 kW.h of
electricity every year, the solar energy gen-
erated 2.168 million kW.h per year, and the
surplus green electricity was 1.322 million
kW.h. Annual can reduce carbon dioxide
emissions 3101.69t, reduce sulfur dioxide
emissions 14.13t, reduce soot emissions

SUMMARY OF EXPERIENCE

12.36t, with good environmental benefits.

4. NEW GENERATION OF LOW-VOLTAGE
DC POWER SUPPLY DRIVEN MULTI-

ENERGY COUPLING HOUSEHOLD
HEATING (COOLING) SYSTEM

Tsinghua University found that most rural
buildings can use their own solar photovol-
taic resources to effectively solve their own
energy needs and connect excess power
to the grid, making rural areas significant
solar photovoltaic utilization potential and
expected to become an important distributed
power source in future zero-carbon power
system"”. Using shallow geothermal energy
DC power supply products + rooftop solar
power generation + energy storage adjust-
ment multi-energy coupling system can real-
ize home zero carbon heating (cooling) and
year-round green electricity.

Ever Source Science&Technology De-

Table 5 annual energy saving and emission reduction

Coal saving capacity Carbon Sulfur ..
(tce) dioxidedischarge (t) | dioxidedischarge (t) Smoke emissions(t)
Reduce loose coal by 795 tons 567.85 2082.90 5.88 8.24
The surplus of green electricity
is 1.322 million kW.h 412.46 1018.79 8.25 4.12
Gather 980.46 3101.69 14.13 12.36

1 According to the Technical Guide for the Compilation of Civil Coal Air Pollutant emission List (Trial), the emission standards of sulfur
dioxide and particulate matter are respectively: 7.4kg / t loose coal (the emission coefficient is 7.4St, d, where St, d is 1),10.36kg/t loose coal
(bituminous coal dry ash-free volatilization Vdaf is 37%, the soot emission coefficient is 0.28VVdaf=10.36), and the carbon dioxide emission

is calculated as 2.62t / t loose coal;

@ In 2016, the national standard coal supply consumption of thermal power plants with 6,000 kW and above was 312 g/ kW.h.
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velopment Group co,Ltd is studying the new
generation of DC power supply driven shal-
low geothermal energy household heating
(cooling) products, using 48V low-voltage full
DC technology, directly combined with solar
power supply. The energy efficiency ratio of
5.5, heating capacity 7500W and heating
power 1500W; cooling capacity 8200W and
cooling power 1360W; it can be used as a
reference for the development of shallow
geothermal DC heating (cooling) products.
Schematic diagram of the multi-energy
coupled household heating (cooling) system
of the new generation of low-voltage DC
power supply drive is shown in Fig. 4. The
system is composed of DC power supply
power system, energy storage system, so-
lar power generation equipment, controller,
inverter and other circuit supporting com-
ponents. In winter heating, the geothermal
energy heating system consumes 1 kW.h,
transport 4kW.h shallow geothermal ener-

gy, and supplies 5 kW.h heat energy to the
building . In summer, the four-way valve in
the geothermal energy household heating
unit can be changed to cool the building.
The energy storage system can store ex-
cess electricity, which is released at night
or in rainy weather to drive the geothermal
household heating system, and can also be
converted to the electricity power through
the inverter and generate economic benefits.
The system uses underground shallow
geothermal energy and solar energy; green
energy saving; DC power supply without
secondary conversion. higher solar power
utilization rate; energy storage system makes
excess electricity automatic safe storage and
increase the proportion of self-use; the sys-
tem can generate more economic benefits.

5. CONCLUSION

Yihepu Rural shallow geothermal ener-

Fig. 4 Schematic diagram of the multi-energy coupled household heating (cooling) system
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gy + solar power generation complemen-
tary household heating (cooling) system,
using shallow geothermal energy for rural
building household heating (cooling), us-
ing room adjustment and Floor-type lower
air outlet structure of geothermal energy
heating equipment, with small power distri-
bution, simple operation, separate control,
temperature comfort, energy saving, solve
the problems of rural building heating,
combined with roof solar power generation,
can increase economic income for farmers;
the system innovative and practical signifi-

energy, 2015, issue 8:30-33;

REFERENCE

[1] Liu Jing, Zou Yu, Song Bo, Research on the current situation and energy—saving way of rural residential
buildings in Cold and Cold Areas [J], Building Science, 2012, no. 012:1-5;

[2] Rongjiang Ma, Chunliu Mao, Ming Shan, etal. Occupant control patterns of low temperature air—to—air heat
pumps in Chinese rural households based on field measurements [J].Energy and Buildings, 2017, 154 : 157—165 ;

[3] Xu Shengheng, Ryach, utilization of shallow ground energy resources—Example study of single well pumping
and irrigation technology [J], Geothermal Resources Council 2003 Annual Meeting;

[4] Wu Desheng, with low-grade energy sources for the heating of buildings is a noble pursuit. [J], China Land

[5] Zibo winter clean heating electric heating equipment air source heat pump heat fan supplier

https://www.doc88.com/p—4827396494738.html?s=rel&id=8 ;

[6] Guo Weijiong, Huang Bihe, Zhang Jihuang, The feasibility test analysis of "coal to electricity" technology for
clean heating in rural Hebei province [J], power demand side management, 2019,21 (02): 46—50;

[7] Technical guide for the compilation of civil coal dgir pollutant emission list (trial);

[8] Annual China Power Industry Development Report (2017);

[9] Renewable Energy Building application Engineering evaluation standard, GB / T 50801—2013:24—26;

[10] Liu Xiaohua, Zhang Tao, Liu Xiaochen, Jiang Yi, the development status and research outlook of the new
energy system of "light storage and direct softness" buildings [J / OL], HVAC, 2022;

https://kns.cnki.net/kcms/detail/11.2832.TU.20220516.1224.002.html

SUMMARY OF EXPERIENCE

cance of geothermal energy + multi-energy
complementary.

In the future, with the listing of DC power
supply products, shallow geothermal heating
(cooling) + solar power + roof energy storage
regulation system can realize family zero
carbon heating (cooling) and green elec-
tricity, is a kind of rural family energy supply
strategy, coordinate the relationship between
resources, economy and environment, is
conform to the requirements of the "carbon
peaking and carbon neutrality" development
of rural building new energy system.
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Abstract

This paper reexamines the key scientific issues of the Qinghai-Tibet Plateau,
providing new clues for solving the "landing" problem of plate tectonics theory, and
providing new ideas for understanding the evolution of continental lithosphere and
its energy resources, geological hazards and global environmental effects at the plate
convergence boundary. In this paper, ten key geological problems of the Tibetan
Plateau are discussed as follows: @ The Indian continental Northward drift model; @
Initial collision time between India and Asia; (3 Paleo Tethys orogeny in the Tibetan
Plateau; @ Crustal shortening in the Paleogene Himalayan orogenic belt; ® the deep
melting mechanism of the high Himalaya; ® The time limit and difference of the uplift
of the Qinghai-Tibet Plateau; @ Structure-denudation-climate interaction and South
Asian monsoon; Distribution and origin of key mineral resources on the Qinghai-
Tibet Plateau; (@ Active fault zone and seismogenic mechanism of the Qinghai-Tibet
Plateau; What is the course of the Indian Plate after the collision? Deep dynamic
processes. These problems can be regarded as the focus of the current research on the
continental dynamic evolution of the Qinghai-Tibet Plateau.
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As the highest, largest, thickest and new-
est plateau in the world, the Qinghai-Tibet
Plateau is the optimal laboratory for develop-
ing solid earth science theories. The study
of the Qinghai-Tibet Plateau has a history of
more than 200 years since the beginning of
the Himalayas. Re-examining and exploring
the key scientific issues of the Qinghai-Tibet
Plateau can provide important new informa-
tion for the study of the evolution of the con-
tinental lithosphere and its energy resources,
geological hazards and global environmental
effects at the plate convergence boundary,
and make contributions to solving the "land-
ing" problem of the plate tectonic theory. The
Indo-Asian collision is the most spectacular
geological event since the Cenozoic era, re-
sulting in the rise of the Himalayas, the uplift
of the Tibetan Plateau, the formation of the
extremely thick crust, the mass escape of
the Tibetan Plateau to the east, southeast
and southwest, the dispersion and defor-
mation of the inner Asian continent within
2000km, the basin system and oil and gas
resources around the Tibetan Plateau, the
South Asian monsoon and Asia.

Inland drought, etc. The author puts for-
ward the following key geological questions
for the study of the Qinghai-Tibet Plateau:
() The Indian continent North drift model;
@ Initial collision time between India and
Asia; ® Paleo Tethys orogeny in the Tibetan
Plateau; @ Crustal shortening in the Paleo-
gene Himalayan orogenic belt; (& the deep
melting mechanism of the high Himalaya; ®
The time limit and difference of the uplift of
the Qinghai-Tibet Plateau; () Structure-de-
nudation-climate interaction and South Asian
monsoon; Distribution and origin of key
mineral resources on the Qinghai-Tibet Pla-
teau; (9 Active fault zone and seismogenic
mechanism of the Qinghai-Tibet Plateau;
The fate of the Indian subduction Plate af-
ter the collision -- Deep dynamic processes.
This essay commemorates the 100th anni-
versary of the Geological Journal.

7.Tectonic-denudation-climate

interactions and the South Asian
monsoon

It has long been publicly recognized that
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the tectonic evolution
of the solid Earth has
important effects on
the atmosphere and
oceans. The uplifting of
mountain ranges and
the opening and closing
of oceans and basins
control the circulation of
water and atmosphere
on a global scale, which
in turn affects region-
al climate and rates
of erosion (molnar et
al.,1993,2010).As a re-
sult, rising plateaus and
mountains can disrupt
atmospheric circulation
(Manabe et al.,1974),and
due to denudation
and sediment transfer
are closely related to
climate change, the
change of rainfall pat-
tern has an important
influence on the dura-
tion and geometry of
orogenic belt structure,
and can promote the
deep rock return (Beau-
mont et al.,2001;Sinclair
et al .,2005;Wobus et
al.,2005). (Similarly, the
opening and closing of
oceans can shift warm
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currents to high latitudes, influencing regional or global climate
change over time scales of more than a million years or more,
with the Asian monsoon system considered the most explicit
example. The South Asian monsoon refers to the monsoon in
southern Asia (typical of the Indian Peninsula), also known as
the "Indian monsoon". It is generally believed that the cause of
its formation is the seasonal movement of the earth wind belt,
the sea-land thermal difference, the topographic factors of the
primary and Himalayan terrain uplift, the northern hemisphere
or global climate change and the causes of the Indian mon-
soon have become important scientific issues (An Zhisheng et
al.,2001;Beaumont et al.,2001).

But how do climate and plate subduction dynamics inter-
act? What came first and what came last? The "chicken and
egg" scenario limits our understanding of the "climate-ero-
sion-tectonic" interaction. The existence of a large number
of thrust fault systems during Himalayan orogenesis in a col-
lision environment has long been recognized. However, the
greatest contribution to the understanding of Himalayan stress
regulation should be the discovery of the Southern Tibet de-
tachment System (STD) (Burchfield et al.,1992).Therefore, the
return of the high Himalayan amphibolite facies is believed to
be the result of crustal tunnel flow held by the southern Tibet
detachment system and the main central thrust fault extrud-

Fig.14 Mid-crustal “channel flow” model of the
Greater Himalaya
GHS—Great Himalaya Sequence;STD—South Tibet Detachment



ing southward at about 23-17 Ma under
the influence of rapid surface denudation
caused by precipitation at the southern
foot of the Himalayan orogenic belt (Fig.14)
(Beaumont et al.,2001),a model which has
attracted widespread attention (Searle et al
.,2005;Godin et al.,2006;Hodge,2006).

In the early 1990s, attempts were made
to link the evolution of the Indo-Asian col-
lision tectonics to the intensity of the mon-
soon around 8 Ma (Kroon et al.,1991;Prell
et al.,1992). However, a large number of
studies have shown that the occurrence time
of strong monsoon is much earlier than the
original understanding. It may start from the
Eocene, intensify in the early to middle Mio-
cene, and then the middle to late Miocene
(about 12 ~ 8 Ma) has a dry climate, rather
than a period of strong monsoon rain (Clift et
al.,2018).

Clift et al.(2018)suggested that the South
Asian monsoon is the product of the Hima-
layan barrier effect, which provides a new
mechanism to explain the summer heavy
rainfall in the early to Middle Miocene. The
rapid reentry of crustal materials in the high
Himalaya basically coincided with the strong
monsoon period caused by climate change
in the early to middle Miocene, which means
that the surface erosion rate was acceler-
ated at this stage, promoting the reentry of
deep materials.

However, it has recently been recognized
that the reentry time of high-pressure met-
amorphic rocks along the strike of the high
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Himalaya is intertemporal with the associat-
ed tectonic movements. Webb et al. (2017),
according to the results of previous studies
on magmatic activity and metamorphism
and chronology of the Himalayan orogenic
belt, found that the whole high Himalaya
experienced a transition from progressional
metamorphism to regressive metamorphism
in 26 ~ 2 Ma. Along the orogenic belt trend,
the activity stop time of the southern Tibet
detachment system was earlier in the east
and west tectonic tectonics (about 24 ~
20 Ma). The middle part is late (about 13
~ 11 Ma). This trend may be controlled by
the dynamics of the subduction plate. The
subduction Angle of the Indian plate be-
came steeper in 30-25 Ma, resulting in the
plate segment extending from the edge to
the middle, and the tectonic uplift changing
along the strike, resulting in the strength-
ening of the Himalayan arcuate mountain
system and the South Asian monsoon (Fig.
15). Therefore, the time of uplift and its
spatio-temporal variations over the Tibetan
Plateau and Himalaya are crucial to under-
standing the tectonic-denudation-geomor-
phic coupling process.

Clift et al.(2018) reviewed the history of
the South Asian monsoon, it is estimated
that the monsoon was a period of intense
rainfall at 24 Ma, a peak wet period at 15
Ma, and a dry period at 8 Ma. These ages
are associated with the uplift of the Tibet-
an Plateau-Himalaya and the withdrawal of
sea water. In particular, the rapid Himalayan

75




POLICY ADVICES

Fig. 15 The Indian plate segment is separated from the Himalayan orogenic belt from both ends towards the centerLateral
extension 3D diagram (from Webbetal., 2017)

The red shadows represent the upper surface of the subducting Indian plate. By releasing the vertical traction caused by the subducting
plate, the plate fragmentation will affect topographic evolution, release dynamic deflection, and increase the vertical load on the plate
continuum (depending on the viscosity ratio of the subducting plate to the mantle), which may result in dynamic subsidence. This process
may have resulted in a wave uplift of the terrain from the edge to the center of the orogenic belt after early subsidence. The lateral
propagation of plate fragmentation also makes the orogenic belt curved, and the greater curvature of the Eastern Himalayas reflects the

slower propagation of plate fragmentation here.

uplift of the Mesocene provided a sudden
geomorphic barrier to northbound summer
monsoons and rainfall, deflecting the west-
to-east airflow, which may continue to the
present day (Molnar et al.,2010).

8.Distribution and origin of key

mineral resources in Qinghai-Tibet
Plateau

Lithium - beryllium - tantalum rare met-
al has become an important strategic and
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key mineral resource, and is one of the key
minerals for the development of new energy
industry, guarantee and sustainable devel-
opment of social economy. In recent years,
with the rapid development and continuous
breakthroughs in fields such as lithium bat-
teries, new energy vehicles and controlled
nuclear fusion, lithium's strategic position
has been continuously enhanced and it is
known as the "energy metal of the 21st cen-
tury". The Qinghai-Tibet Plateau, which is
composed of Tethys terrains, is an import-



ant gathering place of
key mineral resources in
mainland China, among
which the metallogenic
potential of rare metals
is the weakest part in the
resource response of the
Qinghai-Tibet Plateau.
Nowadays, with the im-
plementation of the "new
energy mineral resources
strategy"”, the discovery
of large and super-large
lithium deposits such as
methyl Ka, Malkang and
Balongshan in Song-
pan-Ganzi orogenic
belt has attracted great
attention from domestic
and foreign counterparts,
and the Songpan-Gan-
zi orogenic belt may
become a supernor-
mal lithium enrichment
zone associated with
Be, Nb, Ta, Sn, Rb and
Cs elements (Fig.16;Xu
et al.,2015b,2018;Fu et
al.,2017;Xu et al.,2020).
The Songpan Ganzi
orogenic belt, located in
the central and northern
part of the Qinghai-Ti-
bet Plateau, starts from
Longmen Mountain in the
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east, passes through Songpan Ganzi, passes Bayan Khara in
the west, crosses the NE-SW Altyn fault, connects with Tian-
shui Haitian body, and reaches North Pamir in the NW with a
length of 1,800km, showing geometric features of long strip in
the west and triangle in the east. The Songpan Ganzi orogenic
belt is mainly composed of accretive complex composed of su-
per-thick abyssal and semi-abyssal sediments in the Triassic.
During the Late Triassic to Early Jurassic orogenic process, a
large number of Mesozoic granite embeds and the enrichment
of Li-bearing pegmatite dials reveal the correlation between the
formation of lithium ore and the gneiss dome.

Gneiss domes are dome-like structures generated by
thermodynamic processes in the middle and lower crust and
closely related to magmatism (or mixed lithification) (Eskola,
1949; Xu et al., 2015b). Gneiss domes appear in almost all of
the receding orogenic belts, reflecting significant crustal uplift
in the region. The core of the gneiss dome is composed of
granite and deep mélange, the edges of the dome are com-

Fig.16 Distribution of the lithium-beryllium deposits in the Songpan-Ganze
and Himalaya orogenic belts
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posed of granitic gneiss, and the mantle is
composed of high amphibolite to granulite
gneiss (or high schist) marked by advanced
metamorphic sedimented and metamorphic
volcanic rocks. The lithium-related gneiss
domes in the Songpan-Ganzi orogenic
belt are distributed in the space deposit-
ed by super-thick lithium-rich deep-water
clays in the Triassic. They are composed
of Mesozoic granites in the core and su-
per-thick deep-sea turbidites in the mantle
subjected to Baro-Bakken metamorphism.
For example, in the Yajiang and Malkang
gneisses domes, where the methyl ka and
Malkang pegmatite lithium deposits are
located, the metamorphism in the mantle
is divided from the inside out into the si-
lonite zone (klanite zone), the cross stone
zone, the andalusite zone, the garnet zone,
the biotite zone and the sericite-chlorite
zone (Xu et al., 2020; Zheng et al., 2020).
Similarly, the metamorphic zonation of
the Yalashambast gneisse dome in the
northern Himalaya includes, from top to
bottom, garnet-bearing phyllite and schist,
skarine-kyanite-bismicite schist, skar-
ine-kyanite-bismicite gneisite, and skar-
ine-garnet-bismicite amphibolite.

The barotropic Barro metamorphic zone
is the main characteristic of the mantle meta-
morphism of the gneiss dome, which is often
accompanied by two effects of isothermal
decompression and cooling in the later peri-
od. The metamorphic subzones of the Mabja
gneisses dome in the northern Himalayas
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are: silica + garnet + crossstone + biotite
silica zone, kyanite + garnet + crossstone +
biotite tite tite zone, garnet + biotite + chlorite
garnet + biotite zone, chlorite + biotite biotite
zone (Lee et al., 2004). These metamorphic
zonings of gneiss domes suggest that baro-
tropic Barlow metamorphism is the domi-
nant feature of the mantle metamorphism of
gneiss domes.

The relationship between the tectonic
genesis of the gneiss dome and the lithi-
umore has become one of the key issues
in the exploration of lithiumore mineraliza-
tion. The results show that the Songpan
Ganzi Malkang gneiss dome was caused
by the north-to-south detachment shear
zone formed during the orogenic extension
period (about 210 ~ 200 Ma), and the met-
amorphic core complex structure caused
by it led to the diapir rise of the core gran-
ite and the formation of the gneiss dome.
However, no large ductile disassembling
structures have been found in the methyl
carniite dome so far. The viewpoints of "hot
rise" (Xu et al., 1992) and "Diapir" (Fu et al.,
2017) have been used to explain the gen-
esis of the methyl carnite dome. Whitney
(2004) believed that the formation of the di-
apir structure experienced a transformation
process from the compression and contrac-
tion mechanism of magma upsurge caused
by vertical crustal flow to the top extension
mechanism of rock emplacement. In the
deep part of the gneiss dome, the flow bed-
ding channel is mainly funnel-shaped, while



on the surface it is mainly dome-shaped.
Therefore, the gneiss dome is transformed
from the compression and contraction
mechanism of magma upwelling below
to the top extension mechanism of rock
emplacement. In addition, the extensive
discovery of pale-colored granite dikes con-
taining rare metallic elements in the Himala-
yas opens up a new prospect for a new en-
ergy mineral resource strategy (Wang et al.,
2017) (Fig. 16). Pegmatite containing rare
elements has long been considered to be
the product of late consolidation of granitic
magmatic differentiation evolution (Cérnj,
1991;Cérnjetal.,2005,2012).

Although a large number of Mesozoic
granites in the Songpan Ganzi orogenic
belt compose the core of the gneiss dome,
some granites are related to pegmatite lithi-
um ore, while others are not. Therefore, it is
necessary to distinguish the properties and
characteristics of the two types of granites
and identify the genetic relationship between
the crystalline differentiation of granites and
pegmatite. It is not only of great scientific sig-
nificance but also of great application value
to guide the discovery of rare metal deposits
to study the petrogenesis and metallogene-
sis of pale granite and pegmatite, especially
the regional zonation of metals.

It is vital to explore the "source- trans-
port-storage-stripping" process of rare met-
als and the rule of lithium supernormal en-
richment. How do rare ore-forming elements
precipitate from the source area? By what
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means? How do you collect sediments lo-
cally? Determining the "source-transport-ac-
cumulation" process of rare elements is the
core of establishing metallogenic theory.

9.Active fault zones and seismogenic

mechanism of the Tibetan Plateau

Large earthquakes are generated by fault
activities. However, the deformation behav-
ior and rupture process of faults restrict the
understanding of large earthquake mecha-
nism and earthquake prediction for a long
time. Therefore, the study of "faulting” is an
important scientific question in the field of
geography (Huntington et al., 2018). The Ti-
betan Plateau is one of the most seismically
active regions in the global continental inte-
rior, including the Himalayan foreland thrust
belt in the southern margin of the Tibetan
Plateau and the Songpan Ganzi - Bayankha-
ra terrane boundary belt in the north of the
Tibetan Plateau (Fig.17).

9.1 Himalayan foreland seismic zone
Since the advent of earthquake records
in 1505, there have been eight earthquakes
of magnitude 7.5 or greater along the Hima-
layan foreland thrust fault zone, The largest
of these are the 1950 Chayu earthquake
(Assam earthquake) (Ms8.7), 2005 Hima-
layan Kashmir earthquake (Ms7.6) and April
25, 2015 Nepal earthquake (Ms7.8) (Fig-
ure 17). August 15, 1950 at 22:9 minutes
34 seconds Chayu - Motuo 8.6 magnitude
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Fig. 17 Earthquake distribution of Tibetan Plateau
( active faults on the Tibetan Plateau after Tapponnier et al.,2001)

earthquake, epicenter: N28.290 °, E96.657
° (Chen Wangping et al.,1977);depth of hy-
pocenter 35 km approximate damage area
at 330 km long width at 100 km (Coudurier.
Curveur et al.,2020). Farthest sensory dis-
tance was at1200~1300 km. The 10 degree
extreme earthquake area is roughly along
the southeast slope of the Nangabawa peak
and the downstream valley of the Yarlung
Zangbo River bend, with the center between
Metuo and Riga as an ellipse, with a long
axis of 90km and a short axis of 54km (You
et al., 1991). All houses in the quake zone
collapsed, the mountain collapsed and the
Yarlung Zangbo River was blocked and dis-
connected in many places. The quake killed
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more than 3,300 people in Tibet; More than
1,500 people died in India's Assam region. It
was the largest intra-continental earthquake
ever recorded.

A 7.6-magnitude earthquake occurred in
the Himalayan region of Kashmir at 3:50.38
seconds on October 8, 2005. The epicen-
ter was N34.460 °, E73.580 ° (near Muzaf-
farabad, 95km northeast of Islamabad), the
focal depth was 19.1 km. The death toll: Of-
ficials in Pakistan put the death toll at 87,350
and in Indian-administered Kashmir at 1,400.
The seismogenic fault of this earthquake is
neither MFT nor MBT, but the sub-Himalayan
Balakot-Bagh fault (Parsons et al., 2005).
The rupture zone of about 70 ~ 110km was
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Fig.18 Seismogenic tectonics of Ms8.1 Nepal earthquake, 25 April ,2015
MFT - main Frontal Thrust ; MBT - Main Boundary Thrust;STD - South Tibet Detachment; MHT - Main Himalayan Thrust

formed by the earthquake, and the maxi-
mum vertical displacement of the surface
was about 7 m(Avouac et al.,2006;Powali et
al.,2020).In the Nepal Earthquake on April
25, 2015 (Ms8.1), since the seismic faults
were distributed under the lower and higher
Himalayas, the seismo-induced faults ex-
tended northward to the fault in China, which
was in a deeper part and may gradually
transform into ductile faults (MHT changed
from a brittle fault to a ductile shear zone)
(Fig. 18). Therefore, the impact in our coun-
try was relatively small.

9.2 Songpan Ganzi - Bayan Khara
terrane boundary zone

It is worth noting that in the past 30
years, there have been 9 large earthquakes
of magnitude 7 or above along the bound-
ary of Songpan Ganzi and Bayankhara in
the central part of the Qinghai-Tibet Pla-
teau. These include the Mani earthquake

(Ms7.9) on November 18, 1997, Kunlun
earthquake (Ms8.1) on November 14, 2001,
Yutian earthquake (Ms7.3) on March 21,
2008, Wenchuan earthquake (Ms 8.0) on
May 12, 2008, and 2013 Lushan Earth-
quake (Ms7.0) on April 20, 2014, Yutian
Earthquake (Ms7.3) on February 12, 2014,
Jiuzhaigou earthquake (Ms7.0) on August
8, 2017, and Maduo Earthquake (Ms7.4) in
Qinghai Province on May 22, 2021 (Fig.
19). The above seismic records show that
Songpan Ganzi - Bayankhara terrane is the
most seismically active area in the Tibetan
Plateau in the past 30 years. The attributes
of the seismic fault zone in this block are
analyzed as the thrust faults (Wenchuan
and Lushan earthquakes) (Lin et al. , 2009),
normal fault (Yutian Earthquake) (Li et al. ,
2009; Xu et al., 2013), there are also strike-
slip faults (Kunlun, Jiuzhaigou, Mani, Yushu
earthquakes) (Li et al., 2021), all of which
have inherited activities along the histori-
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Fig. 19 >Ms7 large earthquake in Tibetan Plateau,mainly along boundary of the Bayanhar-Songpan terrane
(modified after Chengdu Institute of Geology and Mineral Resources,CGS,2004)

cal weak zone, and show that the seismic
migration has a "jump; Moreover, large
strike-slip faults in the Songpan Ganzi ter-
rane (such as the East Kunlun - Anemqing
left strike-slip fault and the Xianshuihe left
strike-slip fault) played an important role in
the earthquake, reflecting the lateral extru-
sion of Tibetan Plateau material caused by
the subduction of the Indian continent under
the Asian continent: The lateral extrusion of
Songpan Ganzi - Bayankala terrane to the
east is blocked by the rigid landmass of the
Yangtze and the escape of the central Ti-
betan terrane to the southeast.

In 1998, a group of scientists in the Chi-
na seismological bureau (Guo-min zhang,
Ma Jin, deng east, Chen Yong, Pei-zhen
Zhang) jointly produced a structure of de-
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formation and earthquake "plot" hypothesis,
which is used to this day, to explain China's
large land spatial distribution regularity of
strong earthquake activity and tectonic de-
formation effect. The active block is a geo-
logical unit which is divided and confined
by the tectonic belt formed in late Cenozoic
and from late Quaternary to the present
(Zhang et al.,2003;2004).The interior of the
active block is relatively stable and has a
relatively uniform movement mode. The
main tectonic deformation and strong earth-
quakes occur in the boundary zone. About
100% of strong earthquakes of magnitude
8 or above and 80% of strong earthquakes
of magnitude 7 or above in mainland China
have been recorded to be located in the
boundary zone of the block (Ma et al., 2003;
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Fig.20 large earthquake and deformation controlled by large fault system in Tibetan Plateau(after Li Haibing et
al.,2021)

Zhang et al., 2003; Zhang et al., 2004; Shao
et al., 2008), estimated that future strong
earthquakes will occur in some favorable
locations within the boundary zone of active
blocks. It is because of the relative move-
ment of active blocks that the basic pattern
of current tectonic deformation and strong
seismic activity has been formed.

Recently, based on the theory of active
blocks, Li et al. proposed that the Qinghai-Ti-
bet Plateau large fault zone controls the
strong earthquake distribution and deforma-
tion evolution process of the active blocks on
the Qinghai-Tibet Plateau, which are divided
into the following active blocks from north to
south: the north of the Qinghai-Tibet Plateau
Penling tectonic extrusion block, the east-
ward extruding Bayanjala extrusion block,

the southeast escaping Qiangtang block,
and the east-west South Tibet extension plot
(Fig. 20). They are respectively constrained
by the Haiyuan strike-slip fault, Altun strike-
slip fault, East Kunlun - Animachen strike-
slip fault, Longmen Shan thrust fault, Jiali
thrust fault and Himalaya thrust fault (Li et
al., 2021). Nevertheless, how does the dy-
namic process of subduction and collision
between the Indian continent and Eurasia
continent drive fault seismogenesis and seis-
mogenesis? This is something that needs at-
tention and research, and reconsideration of
the nature of earthquakes and the dynamics
that drive them.

(Reprinted from Acta Geologica Sinica, No.1,
2022, The rest of the next periodicals will be

published in the upcoming volume)
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