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

R RUBELALAFRLE (RHERFRLD ), AR FPRAGLALAEA TR @RRLF 2
BEADNEBLE (2B LHZ 8128 HK, H&F DR ) ARZABB T 24LE 83,

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.

BRARBI—GUERUET, BCARGAZETALHAXARYE (R) RHEAWEBEXR
R&UMEMT ; BROFRARRGT 2B FAERBRBERT 2ADH AR XKH A X LR
HAE R WAREE BB )W R~ 2T 2 HAEEXAF LR R ERT 2R BBRX;
ALY DERFHEFOHES
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 RTITHHEN:
Code of Conduct :
T —, IEHR
With safety first, standard speaks
FLALELIT R, RRESHTEL

To form a solid foundation, to make all strategies practicable

REEIMEHSE, BMRIFE—X

All develop sense of responsibility,and achieve pleasure at work

o HMIMRE: KL, elFEr

Our Mission: Pragmatism and Innovation

o IMREXR: ASBEANFIEEE
Our Pursue: Harmonious Coexistence of Human and Nature

® HMEM: BEU=ZSRRNESE
Our Dedication: Improve comfort level of the people’s livelihood

¢ BINWES: ROMEERERAITI= I ARB—ILXESEARRYHBENERER; H—Fx=E
BERR A DREIFFIF; M, BO0Er FIRXEHETRRARNMEEME (12) ; KOERE
BB —IMERIHT =L .
Our Vision: Work for greater industrialized development of the original technology for ground source energy
collection, while promoting the use of shallow ground energy as the substitute energy of heating for buildings;
furthering scientific utilization of energies by grades; propelling combustion-free intelligent heating (cooling) for

buildings with ground source energy; and forcefully boosting the new industry of integrated heating and cooling with
ground source energy.
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A Preliminary Study on the
Coupling Heating (Cooling)
System of Hydrogen Energy and
Shallow Geothermal Energy

Hydrogen energy is a clean and efficient secondary energy
source, boasting many advanitages such as abundant
resources, high combustion value, being pollution-free, and
consisting various utilization forms and storage mediums. On
the other hand, shallow geothermal energy is also a clean and
renewable energy source. Comprising the benefits of having
abundant reserves, rapid regeneration, wide distribution,
moderate temperature and good stability, it is an inexhaustible
and enormous green energy treasure house.
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A PRELIMINARY STUDY ON THE
COUPLING HEATING (COOLING)
SYSTEM OF HYDROGEN ENERGY AND
SHALLOW GEOTHERMAL ENERGY
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H2 BRE 60% X 90% X 50% X 500%=135%:

3.2.4 51T HREE DR

SEIFHIX 100 M ERLFEERAET 10500kWh 7347, HAABZREE 6000 TR&UEAET
HEBIEEE 312 78 / TREFE R, SMRKIAME 32352 KF / TR, 2.4m® SESNAEHEE T 1 T
BHRE. Im* &5 (11m® S5E2 lkg) X8 1.5 E. £% BlueGEN EEBH L BIE 60%. K
ME 24%, SREFE (0K 3% ~ 6%). BHI (351K 2% ~ 3%). TE ik 10%), BAEEERIZHEN

K 15%. ARG NBIHEREFRENTRRED NI TR

" st 3= {40 BERME | —TREFEE | TSR | was
EhEBENEXE sz
BRERS g, B | 6kw 1 0.6 10500kWh 5460 0
;M
JIHREE
2 S ER X FERB
HWRBERR AR | wppopme T | OKW 4 2.4 2625KWh 1365 75.0
= ab Rk . FEES
SHRPRG | ORI gy | 09 08 | 3233m°, | 16839 | 692
R 293.8 F%
SIRER AR B EXfH R FEES
i s pra VOAEEEE | cou | 23 23 4565m°, 8270 | 849
REARGREE e 415 F52
UEDEE, EBRXRERS. MARRARAS. SRWIPAS. SeRARBEREMREBE’ + 55

fE
BXERAGRSHERRR, TEMEMRIVMOR NS ERARBERMMEEM + 2P EXERFRES
MRS > HWABARARSR > [ERIPRR > BRERY, [ERARBBREMREEMN + 2P EXRER
gREa R ASREERIPTRESH 15.7%.

3.2.5 iR
1 SRR ARERHMEEN + 2P BEXRAZBAERAETRASR. BSFHNA M BBALSR

AR, BIIRRERESEHEIES™E CO2 MM, ARBBKEMAE BMIERARASIINTS
REHHOIE. HPHEE Kg &5, XAXRASEERA CO2 WHMEN 9Kg, KAKESUEAR CO2
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AHAR
CURRENT FOCUS

BIHER R A 12K
2. SEEIAKI S B S AR E T RERABARBETUEEEENAEL B, HREBBRK
SIS B, mTRANELSB, HREBEEBIE, BNILEE CO2 BHIK.

33RAAANBENEERFRA,. BITHEI R
SRERAABKHUMEEM + PR EXBERAZNBE AARATESRABRERH BBNEEMm,
£ FT AT/, BURMEIREHIR K.
FA SRR B & UL St RE AR e R Hﬁ%éﬁﬂ’ﬂ%ﬁé%\éﬁ'—%iﬂﬂ'ﬁ‘éi.ﬁ%éﬁi&ﬁ?\lﬁl:I:1§U’§é%
E’Jﬁﬂ‘ﬁo HA AR BB R GIREEY 0.8, KEBME 0.5, HAKHANEK 0.3 ; M ABRFRFRNE 1
A7 kW FMF= I E/E 0.5 57T /kW. 0.1 F57T /kW 35,

FRBEAXMPRE. ETHESHR

B ge | BH mpe
BUSR IN IAS-  S= N IR =
cosesy | moyz | D6 | GURE |GUEE| e | g | R AR | BIA | /D | o | (SRR
HBRARSG | * Gy BRI | S RG R | ER | BEME BRERM | K GL R GU/|BEER |l o8 R
kW) | (kW) B | FHE | (m) ¥ /KW | PR | RS HARL o,
F%0.5 S
V7 |5z in| & 18 17 ey
/kW TG/ kW
2 A1 o F o
HURIE R (125, FEr21 |H1/0. 52
g sy | 100 100 100 Lo 0.6 | 2000 | B bt BT 1092 | 546 | 2200 | 2200 | 2200 /
P
g |FE TP HE D R
ﬂ'ij‘%ﬁ?*** % HAEIRZ) | 100 400 400 1 2.4 | 8000 I%AEE,QI EE@O‘ 521 973 | 13.65 | 4000 | 4000 | 4000 0
RER [yoer T JikWh | o/ R
ENiA 3 400 /ﬂ/ﬁ“ﬂ%ft 3652 | 182.6 100
e S i
o [PRUREE | 100 60 |2.3| 2.3 | 9200 | “f 5652.2 | 4565.2 | 3695. 7
g 7[R LA 323’1;11@ 07T -
bty 60 S| 830 | L5 100
200 Pt -gﬁ%ﬁ 1961.6| 98.1 50
So% (g [ AR 215 | /T
ik RS 50 Fim3,
gy PR #19.5 \maiog| - )
25 0% 30 470 [3.15] 1.89 | 9400 W g | 951.0 | 27.5 |4808.5 | 4276.6 |3851.1| 50
ke R
EEEN 5 HEHL -
ﬂhjﬁwéﬁsﬁ 60 240 12,37 EE@& 52| y 50
EX Wik JL/ B
. 120 FiHa aﬁr%f“ 1290.7| 64.3 30
30% (51 gy A AR A 12,6
sk BRI | 30 Jim3,
i%‘:ﬁgﬂ IR LA i+11.45 L5108
2 470% 18 458 [3.49] 1.726 | 9200 i g | 4107 | 219 |4497.8 |4170.3 |3908.3 30
A RE
GRG | L
%tﬁjﬁ%ﬁuﬁ%ﬁ 80 320 16. 877 EE{J& 52 / / 70
X ik JL/ B
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FHARR R
CURRENT FOCUS

SAa+IRE MR AR AN R 1 A L B B AR R R SR T

] R G BRI T R At
200 100% 100%
180 90% E
160 80% g
=|r<: 140 70% %{
';lE-lzo 50% $§
= 100 50% %i
E 80 20% %&fﬂi
1; 2
K 60 s 30% Eﬁ!
40 20% 4%
+
. 13.65 0% jﬁ
, 0%

TR AR EITAF2 G/ FR) —— S ZE M INEHA S R B MR R AL

BITRA 1I—REEN 44T/ T

BITEA 2—RBEEN 10T/ T

SZERNNARBLRNORADH, HEEEN 44 70/ Tehd, 30%( St + REHMAERBS) +70% BY
WARREE S RSMHIREEAN 64.3 7T/ K, BTHERERS 15%, HEZARS ; S2EEN 10T/ T
oY, 50%( SEE + KEHIFRAEFRS) +50% HMAMEEE & RAH 30%( SRt + REHMAEERBT) +70% it
REEESRAMEBER DN 27578 / XK. 219 70/ K, SEHBRARNIERERE, BREERR,

86 REIHBTRIAA B0 T LB A R SAEE hih & B R hiR

A HERGTRE SR
6000 100%
90%
5500 80% %
3 70% ﬁQ
|§ 5000 60% %Ei
~ s0% @2
g 4500 40% %g
W &
4000 20% |
10%
3500 0%

SRR EHARES RGABEREERAFTHM (%)
—— FHEL (FL/kW)
o FHFE2 (FT/KkW)
== S (GT/kW)
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CURRENT FOCUS

MIRE 1— SREME B R B RRIREILAA 1 57T /kW

IgHE 2—SREMEL B R BRAHIR IR 0.5 H 7T /kW

IgHE 3I— SREMEI B R BRFIR IR 0.1 57T /kW

ROBE MBI BN ABRGRFRMAE 1 Bt /KW iZE, SREMHBHMABRSESHERR
RHERANE SR AN 5652.2 7t kW &, 50%( S6E + XEHMEERES) +50% HAREEE SRS
30%( SRE + XEMPEERRTS) +70% WAEESRARAEDF BT HRERRRSL 16.8%. 11%, &RHE
BS. IRMEMKBEKBRGEF W ERFEILMA 0.1 F7T kW %25, #HEERRASIRFE N 4000 7T /KW
BRim, fORA 30%( EEE + XBEHAERS) +70% MAEE SRS E 3908.3 7t /kW > 50%( SEE + 7%
B FABERES) +50% HMEEE S A4S 3851.1 7T /kW > SEEMAKI BBt AL FR ik 5 I BEASR R P HER R RRY
FREI I 3695.7 7T /kW o

B

3.4 BESRENCIIHS

FNRIEAR BT EERRE T I, TURALINTERRAE, 2 EHERRER LUEARKMEE.
REHUK, K/ KRASEIRARE. RASEV). TRASRRE, EGHHBBRSER.

TSR+ AEMAERBREHERS, LSMIEFRHBBLBTREFUFHMHEERE. EFHRKR
Bo MW TE—TREKY, EFERESRTEHEAERAERRREANFELE, MHBMELETRE
SEMERAE, AERMARRATUENREFNIELIMRANEMERSGER, BELFNEFTTIN,
REHAEEL MARBEMEANME M ARZNE L IR, BERERANSIERITEERTH, FA%
FEHIAEE L RS A LURR R E AL REE, LTRESMEARRFUR, FHREHRERASERE
RN — P EE M.

g KL

K]« r LT’H !L.—_:—B.l—_J
HakEs/
BEIRAGE i ixF (x tH R

. W
s
AR
F Y

- 1

ik &.:; |
MR B UK R GE [ SR EMAAES R G T RE
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FHARR R
CURRENT FOCUS

SERE (H) TYESKFLTUIETRERNERE, AEFEaN. AEk. Fzh. NAR
EERHR. JLLEISZMANRIE, FREIL/), FIRARKEEL, SeedBUFRNERE W EREN
K, FHBOSZY), REBREREI 50%, BF/5HRMEMEER.

AEHRARFENFEHRRNABERR, HTEABMEER. BERR. 2% 2. REMFFMN
=, ERABRERHEERNEEER, FILXEMAENFLXSHANPEMERRTAORMMER
FRMRAFEEEFA, EPEERENSETEHEEMIL

SEEMREHARNFRE, FRRAR. BITRKRE. REFTENFEHERGER A LURTEN.




KRR
DEVELOPMENT FORUM

EIXRESEREB LIRS

GLOBAL CONCENTRATIONS OF
GREENHOUSE GASES HAVE HIT NEW
HIGH

8 & 1WNE (MEFESFRSheEK, FESKBREIBK)

108268, RS 1908 ppb, —&fk=& 7 334.5 ppb. M FALFAT U251, B

LAR (WMO) AFHT ALEDHBR TR XESEEENBEARATE 2, XLEFED 7!

—RLATRHRINEE FEIIER 149%. 262% F1 124%, BE T RABERIRF.

S & 2 3R (Greenhouse

Gas Bulletin), 1R #E iR 420

SRENES, FHASR

B A9 B 39 SR 3 16 R B 4 A0

HENR#ES, FmS € 400

RIBEN =T EERES 2

fh— @B (Cabon | & O

Dioxide, CO2). B Iz § 380

(Methane, CH4) #1—%& E

£ — & (Nitrous Oxide, 8 370

N20) £ K S By K F, O 380 -

2021 EHH T THE ©

#i&, 2015 F % 2021 & 350

EEIRRLREANEE 340 & i | i i i . .
2021 EM | WIoR 1985 1990 1995 2000 2005 2010 2015 2020

EEH 415.7 ppm, BIER Year
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KRR
DEVELOPMENT FORUM

—EWmRAFEEKENL (WMO Fih)

REMZRENZSAmESE, 2020 F 2021 FREEEI T IETENFHYFERE, BRIE
WMO £ AN ILBNELRETR, 2022 FREZEKFINEHRS EF. 1990 £F 2021 F, &L
BHRIEE | R EREEREESAEEIM T 50%, HARZSWHIEK L9 80%.

M A0 FERIFHEE T RGNELIR, 2021 FRERELI T RARLLER, WXMFEIE KRR
BRI, BUZIANRHREYIEMALEDHESIZNER,

1% ———m™™™—m™™™r———

1900

—h
o
o)
o

1800

1750

—
~
()
o

CH,4 mole fraction (ppb)

1650

1600 (EEPEEPE, DRDEPERS [Epaaes BRSPS SPTRIIENE SPSPEPENS UEDEeS
1985 1990 1995 2000 2005 2010 2015 2020
Year

RlRHEEKEL (WMO ML)

WMO #BIBRIET (Petteri Taalas) #HdEH © “WMO B9 CEESARIRY BXRRIF T RENER1TH
B RESER, U LR TRHE—T EANEARSNEXRERE, TERESERENFL L,
BERLKTREILRINE, REARNMNERAEERNSRETH”

22



—SH-RHFEEN (WMO Mik)

EHE R EE, “BRIMNEERTHRMNNT
W BERMEZHAS, RENEEEFEERS
X, FRERREAMRE = EHR. Friaeg
THEZF EMFEAR EBMRATH, AJUMEIRE
W BT, BN ZEAERMEN, HFanig
RN RL, EREMNEEAPN, EE8
RANSENEENE B —atmHEn, ERS
HRETEMNEXRIERSMEANEZIER, &
R ARMKIR, BFE LA, SIERMIELE A
F&,”

F2ITREEESEZ K K= (COP2T)

KRR
DEVELOPMENT FORUM

¥BF1LBT7THZE18HERKB DB FFF
(Sharm-el-Sheikh) %17, ®EI%¥, WMO A
mHIRE SRR COP27 BRI R REER N B K
TEIRTREEE, UK (BRMNE) MENBIT,
BMIS £ Ik TR IG IR = B AR XS F Tk b AT 39K
TH2EBEKELRN, REEEE ISEBEEREMUA,
Hal, 2KFHSEH 1850-1900 FE T\ baTAY
FYKFEH 1.1° C Kl ko

MERSKARIRSRENEEE, EAHE
R BIIMWABERERAER, BEEEATH
BEmMN SN, EZELRREEMITE,
&7, RN SET 2 BRI ERYE
FNEITHY,

340 | L S R B R R LA T T T T
335
9 330
2
5 325
3
8 320
<
O
S 315
% 310
305
300

1985 1990 1995 2000 2005 2010 2015 2020

Year
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BEER
POLICY ADVICES

BT REETAXXEM
FH 5 0]

— (WERFkR) AFERLE

REVISITING THE TEN KEY
GEOSCIENTIFIC PROBLEMS IN THE

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

EE: WEE"7, =4, KRR, FER®, IEE’, ¥R, PR, 580, 1EE

1. FRAFRESEY KA TEARERERLRE, FMRAFHRMFSTES R, mRAFAMN
NEHREE, [THR=R, 210034;

2. PEMIERRIF Bt EREAST AT, dbR, 100037;

3. AWLXE, 'FRKE, 510275;

4. REMEERS (dE:R) , db=, 100083

RERE | ANEFHEMA T TR ROXBRZEE, NRRRIRIGERICH “BbE”
MR AN AR, NEBRRVCRURNAMEABEMNREERZR, tRREM
SRRV IREFNERR. AXRWTHFRSROTTAXBHZER : O ENEX
fEACRRE ; @ ENE-ILM#IRRERIR ; @ SReRNGRSREMEWLER ; @bk
LESHMESHRMRLERE ; © SEIRAHTRENS ; © SREREABI R
Z7E ;@ ME-FR-—UREEFRASEIEN ; ® SRERXEY FHIRINDH
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BEHR
POLICY ADVICES

5 ; @ SRERENNRRETSZENSG ; 0 MERNEERRFEEAIA—

AETh IF IR, ]

XA UMEA SRR B R SRR NF B UHNER TS,

X : FRER ; IRRIE ; KEEzhhF

FREBREHMRALES. &RA &KE. &
NER, BRXEEFMKAFECHRELRE,
FRERMANESHEFILELEE200 Z2F
BhsE, EMEANRRERSRIKERFP]
&, AUARRRRCROANKEERERL

RERERAIR, HBUAKE N 2 KI5 0N 12 4
WEEES, NERRRESEIEHN "B
A H BTk

ENE — T M b 2 2 3 £ AU AR SRAL LAY B
=, SHESNHHRLRNIEE. FBERIE.
EEMENEN. SRERYERAR. K@
AR AR R, 2000 km SEEIILMABEAEZBRY
MBER. MERESENZMARTETEIR.
RAILENMEMNRETEUNF. EERETES
RIOTFEXRXFMFRE, FARRBERSRE
#MEE . O HEKRMAIAUERE ; @ BNE—-ILMH
IR IERIIR ; @ SRERNEFRTEWLIER ;
@ IELESNRELFIMTEE; © 585
HERSR BN ; © FREREANNRNES
’PEE ; @ ME-RR—-SEHEEFASHEIEN ;

FRERXEY FHBRNIHENE ; © '

BRIGEIRESZENSG ; © MiEREE
i AR IR (] 25 1A M REBEHFIFEIE. LU
ERXY (HIBFIR) 10 OBFERMER.

1. ENEXREACRIRE

FHNTHEE, ERENEE, BNEXFGE
5T AREzEREE—RIF, MMz AmFREN
o MRKA, =ZSLENERRAIEMNEAE
K FE fi# 18 (Zhuetal.,2011;Metcalfe,2013,2017,
2021 ; MaXuxuanetal., 2018, 2021c) , BE /5
ERELARTILENERE, & 60 Ma £E5KK
I A B Rif # (Huetal., 2015), HItk, E S I
HUIEE, FiESEREARKEY RNk
%, 2000 km SEEILMNAFEAERRYITENER,, £
ESHBSUTENRBERR THIX ERERT
(70 ~ 80km) (Zhao Wenjin et al., 1993; Yin
An, 2000 ; Schulte — Pelkum et al., 2005;
Zhang Zhongjieet al., 2011), ENEXEERH
EH PRI IERIR & & 90°HYF BT £t e s
i), SIRENERRNELSELZ K (Besseetal.,
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2002 ; sk, 2017),
ENEXENILEFEERMARNLEEEZZE
B RENEILE (AARZHFEEMSR) M “KEDE
Z#” dt’Z(van Hinsbergen et al.,2012) (Bl1).
FIEINNBERRREERNMAEIEASE, 62
NARENERIRS I K iE, EEREEESL
ZEIA REDERRNILE, BMEEMS S RN
IR (B8 RRETEINENESEI ) S0
EFKMEDE, RERTARENERZM, HEFHEHEIR
S5KENEZMFEEALE ; 50Ma BB S S R
FEIRE L SR A PL3RAGE, 25 ~20Ma HRjElR
ENFE 2314 & BB EN E 3 AP S KR L A Pk BE Al 12
(van Hinsbergen etal., 2012),
TRENEAMIE” WEWEM E, &
FRXNEBH—LHOPMEMIEZE (Yang
Tianshui et al., 2015, 2019 ; Yuan Jie et al
. 2021 ; Jadoon et al. 2021), Yuan Jie et al.
(2021) RIBAIHAF=RE M XIFIR S SH AL
HHHMEEIERE “KENE” WILR, IAAFR
FE“RENERZM” %, BAMEERETE—

(a) REMEEILIEARAY

1000 km E£AR “dLENEF", BEEZEH (Y
75~ 61 Ma) ESHIERERENEFAEAIESE
HIZER, 29 61 Ma = S 7 Rl bR 5 R = (A fif
1,53~ 48 MatE A SRS D it iE,
Jadoon et al. (2021) {RIEEEIBM R E
ML EMBEEHE, BT — X UNENE—
TN Z M SRR o

XJlt, EHIANNEXRGEILESIENFES
WHEKRENERRB AN S FHMEEEIES ZE#H
—& NRDHRIRE HSENE S EHLF=#tE
HNFESME, FREEEAMDEMAEH AT R
Bo FBIh, XFHEKRMEFEEH—BEEHET
BIHYALY 90 Ml d L RS IR WA 5 IR TS
DHIEAFEMXNSGETN, UREE5RENE
AESRHIEHEDH EMEAZEN “HR" EF
H—F MR, AT AEESNERFGRMENE £
ABEIC SRS SR 2 872 1E A R i
# (MCT), —BE&BANRKRFREFNEES
HEMBAMICR, MMEBERIERKXESTRH
FIM R FERFAREE. Lthsh, EITIeHIFRETF

(b) KENFE st b A Y

50 Ma

60 Ma _f%

Sz
U

%/ - 60 Ma

Ladaicy e 5

30°N

A gni g A

60
I 25004820 km
KEDFE i

90°E
Ciltis s Al

[——

\ Pt § 7 :

e
el [
i

bk

El1 ENERRER R ALES R ERIT L
(a ) —KEDEALZERERES TFAMHASNENEIERER, SIEREDNH. SEDAIEIFHRIE DA, £950M a KEENE - WilFiHE;
(b)) —KENEZRMALZEELETOR - EDHHMIRE ( SEDHFFHRE DN E ) SEENENEIRRSTT, PEE—NEF, 2 “KHER
7, ZAEAE K 50M a iy “ERAIE” F025~20M a Ry “FERifE”  (#Evan Hinsbergenetal. , 2012)
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ZHBRIIIER, BNV EEMTRN
FoMEBERNERY, 81 O &
BIREVFEERIE RS FEFAM
MEF — BRI E R AR R? 3R AR IRAN
HH? @ ENE—TMC B E KRS 8]
M=EMEFMEEWL?

PR FREANEREHE
RAZMBIER, MMRMERAES
MAFIMRFRFIREE. Lo, &
WM BRI FRERIIRES, &
& PR R ETF — LR BRI E 2L,
B O ERHRIFZERIER
BFEFR A F — MR R iR?
HHRABRMNAEN? @ ENE—-IMT
RERXEHEMNTENEREZTK?

2. ENE — e ARk AT PR

ENE — TL M K B 470 45 it #2 B9 B BR
A—BEFEFIL. XEBURTAL]
ﬁl]ﬂ;z)‘( “WahiE”, FEFENA
REFERENI R ZENEERR
A ( M 70Ma %I 34Ma) (Powell et al
., 1973 ; Patriat et al., 1984 ; Le
Fort, 1987 ; £ E <%, 2003 ; Ding
Lin et al., 2005 ; Aitchison et al.,
2007 ; & 5 ¥ %, 2007 ; Garzanti,
2008 ; X &, 2010 ; Najman et
al., 2010 ; van Hinsbergen et al.,
2012 ; DeCelles et al., 2014 ; Wu
Fuyuan etal., 2014 ; Hu Xiumian et
al., 2015, 2016a, 2016b ; Zhuang
Guangsheng et al., 2015; T #k
%, 2017a; %K % Ak %, 2017),
¥ 9E Rt $E XS 4B BT [B) B9 5 SR B 4E EN

BEHR
POLICY ADVICES

FE R R\ b 7ZE #% 8 1R BY (8] B9 & # B4 3E 38 (Molar et al.,
1975 ; Treloar et al., 1991 ; Klootwijk, 1992 ; Ali et al
.» 2005 ; Najman et al., 2010 ; Copley et al., 2010;
van Hinsbergen et al., 2012). FEE-HERHIES
wHAEENERRIL SN R G B TRE B AIERE (Garzanti
et al., 1987 ; Searle et al., 1987 ; Hu Xiumian et al.,
2015, 2016a). BEEF xEN AR E (Searle
etal., 1987; St—Onge et al., 2010 ; DeCelles et al.,
2014). SMAEXNTEMNEENERIMNF “I7 BiEKRE
EENERERAMNELLE (Chung Sun—Lin et al., 1998a;
St—Onge et al., 2010 ; 3%ES, 2021a; Ma Xuxuan et
al., 2021b, 2021c) AKIBENEMRIRIIHAVEE S E L RIE
MBS ER (Leech etal., 2005) %,

BT, SR RIEMEDE — M A IRHE EF IR, @
SRS SR EMAERNKEREA (462 ~ 59Ma) 8
W, HENT MIRBUS SRR B ST + EMRHAERT,
BRI LE R AR E RN, IETREEEN 6.6° £3.5°N (Yi
Zhiyu et al., 2011, 2021 ; Zhao Qian et al., 2021) ; [@
RIBHIFE A E R M “HAPA” IFa. Ar—ArF£KE.
SHFIEA (64 ~ 60Ma) IHMELERNFEEIER, T8t
HE 6.7° £4.4°N, RIBFIRIE DA BN FE ARG
kg (REFRFE) HIBEXTLL, ENE—IMN¥) A hl 12 By 8] A B
F 62+ 2Ma, MIiEHEM BT REEEFUA (6.7° +4.4°

2 EPEFNERIE K PhRE{ER PRER (47 Yi Zhiyu etal. , 2021)

(HIEDBISIBD Vi Zhiyuetal. , 2021; @ YiZhiyuetal. , 2011; @
Martinet al. , 2020; K L A—RIFaHmBALATEIN )
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K K. o=

[vi] 47 7% 3t

)

i fE 3

G Gr

Yo (K S0 HEAL

S ERAE

Major detachment fault

M EHER

Lesser Himalayan Duplex Major thrust fault

TS A I i AR W/ B
High-angle normal fault Crustal extension Siltstone
A mnn PRt Ili ¢ B
Lithosphere Oceanic crust Continental crust Accretionary wedge
—_— T M Rk
Sandstor Limestone NS lmn\pon p-nh\\ ays Denudation area
B EERSZITRN X i o Yk K

Active depocenters Terrestrial environment Shallow—» deep

3 EREFEEMNE RS W REER B2 FEETREE (518 Hu Xiumian et al., 2015)
FERBWTR EBAIEEENEMIMIRRIZEIR, SHYRiHESRM (59+ 1Ma) 71

N) (YiZhiyuetal., 2021) (E2),

B, RIBAFBRIEN BN =FERAE
X oo LUFFTHER. iR BBE R \ L BE
AEIASEAN “FRIERM” EAYEHE
BYIE] ; @ LU KRE Z B8 H KRR BT I /E 4]
yaRiERETE] ; ® LUIAFEZIB&% £ RIS T
TERMBYEIME AV ARIERRE, SEORKT
SCPRBIFIIERE BT (8], &IAXT IR 2 A 5
R T ENE — MY AREERIFIER © AR
Bt X ZEMBE EE (FEMA) KIKREED
BRI MR BN, FE T ER #ARY S
DI IETIES =Y, VIR IERETRIRE
7£ 59*1Ma (Hu Xiumian et al., 2015) (B 3),

FEEHNE | ERFBIYI AR E B (B AYIE
EBFrENENES - SESHBINEHENFEE. B
NE#T—EShBIMEFNER, ENE— MK
RRIEN N EIRE —BERERANMR, F52
R — PEAIE LS i R B B Y A it 1 BY AR /B A 2
H, BI¥IMARIIESGAVIEE, NARGEANS

28

SREY B A i [ 28 o BT Al B 18] i A BE s XE 47
YEhEE BB IR

3. FREENGRHRINEWER

R R Ik E £ HABEM T A F LB
B ANERBAMZENERKE, BEH
T—RYIBERE R, HRREE D g — R E
EER, HREATFHERAEGMER T IS
RAMEHNERFHRINE LS, BIFFRITE
WEKREY, cERERERERIENEER
B, Sengdr (1979) ®i&iE, I EBAFEF X
ERBAMZBEREERLEHFRINE, B
FzKETHRERFHERIIZES, MENE
A BE LA & 1 KA AR T R IR /T 0¥, Sengor
(1979, 1987, 1989) A AN HBEIm. b KFEZ
BEERNAF (DFRITFNFISRIE) A
— N EFHEIWEEZE (Cimmerian) X, &
=B AMEHEEEBRT-SRELF B EF
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o 2y /¢? P
b M 'rl“” f| |'

Zzz10 S 2 (i 3
R e ] Y|

4 SFRETEE—SEMIE / HAEERREMSMIEMAE (3 Sengoret al., 1987 &3k )
1—5KkE; 2 —REMAM; 3—HEBEKXM; 4—HXE,; 5—01HRESS; 6 —FHENESS

Bi— T EHH—JbiaK/R — 0B H 77— EDSZ stk FR
Ak, N=BLMXENERED LRI K
PG E, F=8tt —Fh&TH5ItEHNFIL K
FEREdE, R HBR S L s A MNEERE
i& W & (Sengdr, 1979, 1987 ; Boulin, 1981 ;
Audley—Charles, 1984 ; Golonka, 2006 ; Li
Haibin et al., 2009) (& 4). 1BZ1R#E2 K
RKCHIBER D, HREZSHNARERUTE
EeRPHNEARE - - BT —ZREEST
ERE R KBV E E B KL S S RKEHDEE
NESFERIN D R, BRFENESEBRIEHE
NEdbmE D, mMABEHEEER. BXEN
A% (Sibumasu) MABIMLAREEE KX
Bf, dbMINARAEETE. WEHKR. BF eIz
PR EERERZEE (B 5) (Metcalfe,
2006, 2013 ; EEFF, 2012 ; Wang Qing et
al., 2021),

A EF & Fromaget (1927, 1952) 1T Hf
Rt RN HE S LERNIS, BT

Stt— PR=SHNELERRAZIEE, Z
FrZFERBAER —ERNEZEHEFRE
AEMERUMNEEN (RER, 1937; &k
B, 1945 ; {E4%5%, 1984), L 20 ERAKRFEIL
IR RBUSHAVEE, 15312 R ILfER
MR, ARFESTMRRNGFRIVFETES
R ELit ¥ 35 LS A2 B 7 #TAYINIR (Sone et al
.» 2008 ; Metcalfe, 2013 ; Wang Yujun et al.,
2018 ; Tran et al., 2020), 7~ &3 I pEHIR B9 7R M
BETHEWI-—REWL-MDESS, HEE
R B R —ENSZ R 5 ERERNER, &
BT HASFIRAT A EE (FIEAM) B%iHE,
PR BT (8]£9 5 247 Ma, [EIREEFMERIES
WEH2RIRETE 247 ~ 237 Ma # 237 ~ 200
Ma (Wang Yujun et al., 2018), AN & & &
HNET—RELEH, FHEEBEAMENEASR
HMIRFBF — BT MEZEINSFRIEFR
AER%, MMANRESRETEL 237 Ma, |
hit A SR ERYIE LIS 4 9 5 &K £ 7E 237 ~ 230
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R AL 185 IR b

VB 3250 171 255 i ot A

o

845 Sutures

M KWl Tianshan

@ %t Solonker

@ BIE Qilian

@ e AT Longmu Co-Shuanghu

® & F-di i Changning-Menglian

© 3% 15/ flbffe. Chiang Mai/Inthanon
3 Chanthaburi(cryptic)

77 Bentong-Raub

@F: 5 Song Ma

(015 Dian Qiong

(D% W~ )5 Qinling-Dabie

2 ¢ Kunlun

(3% Vil Jinshajiang

@587 10 Ailaoshan

(34 )7 -F 1% Nan-Uttaradit

a6 512 Median Sumatra

@ t Jinghong

(3704 Sra Kaco

(9HE 2> Banggong

o S GOt Hi 14 #141F Shan boundary

Meso-Tethys @) % fi [& i Meratus

QWi i Lok Ulo

AP

Palaco Pacific

ain ocean

I oK#

o R AR 07
|

Palaco-Tethys

X
Other Branches

R 42 i

Ceno-Tethys @3 EHE jo 7t 1 7 Indus Yarlung Zangbo

SR Ay v it
Proto South
China Sea

@31 % Boyan

e B 20 A P EL A4 21 ) ) b i
Terranes derived from
Gondwana in the Devonian

T (k7 it — R g gtk
A T4 FLEW 53 14 1 M A
Terranes derived from Gondwana
in the Late Triassic -Late Jurassic

Figta—

LT Ok B

complex

R A R B 2 R Mi- L 7 i TR G 4 4 0 s
Terranes derived from Cathaysialand
in the Carboniferous-Permian

Songpan Ganzi accretionary

Terranes derived from Gondwana

in the Early Permian

P A0 — 3 20 AN BB 40 A S 18
Terranes derived from Cathaysialand

in the Cretaceous-Tertiary

[EEEAPNEINE TR ol E I S N
Indian continent derived from
Gondwana in the Cretaceous

R R AR Al W AR BT B O

Paleo-Tethys main ocean suture:Late Paleozoic Gondwana-Cathaysia biogeographic divide

E5 AFIMFAEENEZXMEMETESTHSFE (1 Metcalfe, 2013 )

WS—FRgEmithiR; SWB—TURESINIME; S—EEmIBR; L —Huisibik; NOT—IbFchaiik; SQT—raeiiitiy; QS—E#8 - Bk, Si—
B, SC—INE - HAUBESE, QD—SRARIME,; AL—PTHER; KT—Kurosegawalttfd; LT—IR8ERIME; CT—RITIERIMN
1K, EM—RSRILA; QF—ABEHbA

Ma #1230 ~ 200 Ma (Bl 6) (Wang Yujun et al
. 2018), AL, EEBEWLWBHFANT RE
EBRRSGENZMIE, BEE TN MANER
fhIR Z B R HAEN 2 & W™, E Lt Tran et al.,
(2020) #EH, Fromaget (1952) fRIEHIFEMR
MR EMEZEthH A EE R ETREARM
BE IR BN =St KT LARE
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BREWLSEMG, BIREIEGE — Sttt —hig=
SHMNEZEHRE N BREAANELE
&f)” (Trans—Meigonghe orogen),

FRARA AT XEREEXGREASR
xS ESRMIESLNRESEEEELSE
HHRBIES, MARILEN A5 EEERE
RIS LB B MENSZ I Eh iR, HEARMNESESE



EEWLEMHBES. Bit, EHBANTEREILESE
EXR(ESEIZ. EREMRZERRRNEZES
WWEHZT ZMBEAA, ERMIEMXARES
RENE LEHR NS LB FEE MY
BtERER/RNY, ENEEEELEFREMN
LAXRR, RERREZESLEHNRBEER
H—FEHR,

PER LB KPR R ER 3 BIAR & — H SOt AR
MR EC —REKRMIE, KREgafrILErIfRIR
MRt EE AR ER, fHRILNAEE -

E110°
T
N25°
6 1 i B
N
N20° = St
by Ban 2X1-Chenxing ¢ 7+ 4t
bl
: —
o
o0
g
2
N &
NI15° &
E
N>
200 km

NI10°+

NS§°

E6 FHIEMXMMEESR (a) REEMRTEE (b)
( #& Wang Yujun et al., 2018 &2k )

DA - WiHgEesS,; @87 - ZREA™,; @—Inthanon
BEE; @—S=it - Nan - Sa Kaeo#gd#,; B—Bentong - Raub
EET;, O DEeT,; O—aiT - RFEILEST; @—Luang
Prabang - Loei#$&7; @—HIN# - BT854, 0—Truong Son
&7, NQT—ILFEEbR; SQT—RTEiERIR; | S—HIEhk;
SB—EMIEHIA; SCG—AE - HAbA; SCB—ErakktR; IDC—ED
ThER; SWB—TUREESR; 1 —iFRITEBES™,; 2—51
RETEE R, 3—afHREMESTS, 4—HERNE, 5—-
HERSIENNEMNEENEYEE;, 6 —(RSERSENECERIEYEE
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E7 BEEitRE - HRothkRER
WM E (38 Metcalfe, 2006 )

NC—Eedbphith; SC—HEmbtiR; | —ENZBEER; EM—REskibiE;
WS—FaN J&REbR; S—RAS K, SC—NiE - HRUA;
WB—FREmithR; QI —JehEitik; L —Rp=iths; WC—aEEEXME

R EISEMENE I LR ESHARE.
H=842EE (5~ 15km) FREHRREAHM
ZAEEEREME FESE, 1992). @A
& — B AR BRAMNEERMRE T AER
X, W: WMEZH (Klimetz, 1983 ; Sengér,
1987 ; Watson et al., 1987 ; Gu Xuexiang,
1994), mibtRE.FEFRFZ (Nie Shangyou et
al., 1994 ; Zhou Da et al., 1996 ; Weislogel
etal., 2006), fhiE]A &AM (McElhinny et al.,
1981 ; Chang Edmend, 2000 ; Meng Qingren
etal., 2000) %,
WEFERMBE -—HAOU AN ZE LW
# SE B (Ren Jishun, 1984 ; Xu Zhigin et al.,
1992, 2012 ; Harrowfield et al., 2005), &
RKRA, TP =SHHFRERNFANSHE
it £, MBFB-—HHREBE=S LS LRI
WEEFEHME. 228 ~ 180Ma KEXRE R
UHHBEEETENBESENFE (Zhang
Hongfei etal., 2006, 2007 ;Yuan Chao et al.,
2010 ; Xu Zhigin et al., 2020), 5 E{th@l1EH
& (HpHER) ZEINEMESLAR, =84

31



BEMR
POLICY ADVICES

18 ~9 Ma

21~23Ma TSZ

23~17 Ma N

STDS
R A TUR 5

8 EDNMMELIE ({&%H Carosi et al., 2010 )

STDS—EmiFEER; MCT—EAiudmiizess; MBT—E0FREhiiz; MFT—EaIEE TR, TSZ—Toijemi¥hEsils;
MHT—E= Il

R 28 R AL E — H POt A S B BRI FEREY “4R
tiE” Bl (A7) RENNRAB=8H—F
RgEFH, BTEIXiEE), SEEEEUERN
B PRAE .

MRRKRA, REC—WEBRESTEHARS
RIS AN MERESHERE (Li Chunyu et al.,
1978, 1982 ; Zhang Guowei et al., 1995), ¥
B NE—SW @\ “FTpR—ilm” E{TERBHEIF
5RFIE — K —AEMEANEBEEZ RN
HEISHEE (FEESE, 20158), KA-ABE
W BEEZRIERNBTEA 240 ~ 225Ma, 8
aEZREMNEEBESHEIAANSENITREN
1859 225 ~ 200Ma (Edieetal., 1994 ; Ayers et
al., 2022 ; Li Shuguang et al., 1993, 2003 ;
Liu Fulai et al., 2011 ; Xu Zhigin et al., 2006 ;
Liu Fulai and Liou, 2011;#B5k %, 2008), FAlt,
£/ 5 A0 Bk R BY b P Al #E BY (8] N B2 F 240Ma,
HAEiiE S I {ERNYRNRSERIEEY, &
RETESEEEENEmESE, Alt, —L£EE
WNHERIE 2 (AREC —REBE—
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fES— R | K3 | AEEESH) BEREAKHN
EIUFAFAAT, BERNPRELHIRE
EULERAZNART. AL,

ATFHENELIFRRRELFEMEWLIEE
AR ERir, AEE SR TERILMNIG
WiER+oE%E, SRERE “WHEHR". ‘4
RIRETT M OHAIRET N—1Kk, EFEAGE
REMEWIERA, %55E i L F AR A B
BRI ERNIERSRSRTAEL +OER,
IESORCNEY “IOERZAR" A “EHE” SLERH
AERTHREARMYELF—F, EIXESWUER
MEZESLFANFEXRMNFMEERLE
BRaftt, BT,

4. HiELESH S LHE R ERNE

EDNESLTBItREAFRITE D
(THS). B=EDHH (GHS). KESHH (LHS)
MREDHH (SHS) FEMERTAMR, &
BrzEaR R AREmEiFE R (STD). 4



SRl (MCT). AR HER (MBT) #
FHigE A (MFT) (B 8), Vanney et al.
(1996) 3¢/BA/RHEE KaliGandaki HIEMWESE
ShHBART ZRENMETRE. 2a6F. TRE
RMERFERE, BESHMSLERELD K
=NME  ERFHRE—H, SIEHRESH
BNRERLE LEABENES AT, 2F7T
RELERIEA, X—EREERTRERETIHFIEN
EQNELRERMBERFIRBMBHY HHEE ;
A E S AL H (Ehoimalayan episode) & &
SREEMARHRED R T, et
FRHER—ARET AV IR A AEH T RIEA NHE, B
A8 d 35km ; TE S HEE (Neohimalayan
episode) BE S hI T F P RF T E =
BRI TREITR, DUH T — Aty
BRERERANRHE, MEDHHANIEATRE
F1E 23 ~ 21Ma,
EDHNELELNTRIERERP LR
NLR—TRRINEMHHESE, RIBERRFEH
WM EIRERE 24 ~ 16Ma EEHERNIE
FIEAMBEEEEER, BIARE T FRNG
EDHBFEER, 81 BKRETEH (Burchfiel
and Royden, 1985) . #155R%& % (Nelson et al. ,
1996 ; Chemenda et al., 2000 ; Beaumont et
al., 2001). #iE#2 (Yin An, 2006;Webb et al. ,
2007) MWEME (He Dianetal., 2016) %,
AR ES RS s EmEE KN

N THS e i 2

SR ale
5000

E 4000

=l

Iz 3000
2000

-
-
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FRF G % BT R S B 40Ar / 39Ar F iR N E
KA, BFIRMED R REEHITE O K ER
1£ 56 ~ 45 Ma (Ratschbacher et al., 1994 ;
Wiesmayer et al., 2002), AL, EEIFRBRE
AHRHHFRIESH NS EIHENBR,
T METEL. BEIFEMREH LR EERE L&
IR E D EMNERE RS E, EREFH
WS ESRITERNMERENEERBED
RIFEERRI st R AE R AR IS E R

IEREETSDHHEE LT RIATE
B i E SN R ERERIRRISES
RIEERBREE (FIRTES MBS,
Tethyan Himalayan Décollement, THD) i
9 (B 9), "REEIHNMBERTNE 4km
B, RERRTERZERMER, #FESKER
TERMB A ERE, AT 50~ 17Ma, EF Lt
REENETER, HiEH TRREMEDhH#E
TTH R RRMINE . RS SHHENRE
WINEEE 7 LEAACETINEREFER, KA
BFIRTEDHN BT ERERENENES,
HERFRMEDH NS S DRI HE R4
WEREENR, XENESRAIMIS LT RERE
ISR SRRV AR RE, XTINIRENE — WM Al 12 2 BAfR
RIAFANHETHEEBEERE X, FIRIESH
HERTHNRALEREERSE —THRMRA,
RBEBTFRIMNEMRESHHE LFBEREE
=R

B9 ELufELGEFRIPHELmnAEE

CHS—B=BiERER, THDHHRIEDHIEBNT, STD—HMIREER; ITSZ—HERMIES™, GCT—ARITHE;
THS—4RET = Dhds
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5. RESHHRE(FANRE

ERMBTRBERFEYNABENS, [ ZHEES
S5 # EE (Dietrich and Gansser, 1981 ; Le Fort
etal., 1987 ; Burchfiel et al., 1992 ; Guillot et al.,
1994 ; Hodges et al., 2000 ; 2@, 2015) 1 4
REESHHEES (Xu Zhigin et al., submitted), &
HALK, ESHBABTERERIANNEEZRLRT 23 ~ 22

a ¥/ 13~ 12 Ma, &FE (hF4Ma) WEBER.
S, BE, BiR MESHNRERBEEABARRER
HItESH A HESEFR, RUWTETF 40Ma XEBEN
&, 5lET I 7ZXF (Zeng Lingsen et al., 2011 ; =
B/, 2015),

SEDHNEABTEREREWNMAAK? Le Fort eta.
(1987) BiRd “WEX, INNBETEESHEETRY
F Ao T R R EE T A NRE SRR TTED
FRER, BRaAmMSHaE kR Eee (B 10), B
EX T EREATAKBEREEEFEaE 5 EETT
B EER, W ARRERRXBIERENAZ K.

AKEHMRINN, S ESHEERERTRRE
HRBIERERTESHBABERS (Le Fort etal
., 1987 ; Guillot et al., 1995 ; Harris et al., 1995 ;

S-SW N-NE

Bl === oo, —

———

10 SEDHiH (GHS) KEPEHETE (MCT ) FEMEHEX: |
FRESNRATRIEPREPHTEHEPHETIHLHRED RS
AFEEERIER, BERAMSHRESHMEEER (18 Le Fort et
al., 1987)
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Patifio — Douce et al., 1998 ; Aoya
et al., 2005 ; Guo Zhengfu et al.,
2012 ; Zeng Lingsen et al., 2012 ;
Weinberg, 2016), —RFIIXBHER S
FREERWIEL, 0 : & Sr/ Y XRBE
MEfRTFESHEIMNE T EER
/5 B4 (Zeng Lingsen et al., 2011) ;
AEEFERASEENESRER (R
BrtE, 2015). BOREMIE EIBA AL
UNRTEEMERED AR (Hou
Zenggian et al., 2012),

AIARE T =M A ERIM RS DB
REANE ¢ 38 R AR P RO T BN A A R
(Visona et al., 2002 ; Groppo et al.,
2013), IMRIEFHIPEEIERE (Harris
etal., 1994 ; Patifio — Douce et al.,
1998 ; Guo Zhengfu et al., 2012),
UK E KB R (Knesel et al, 2002 ;
Weinberg, 2016 ; Gao Li'e et al.,
2017),

BRT RmVEIREZI, RaRR
MEB D IBRIE B RV A AR IS (4R & &8
SR EDNBABIERESNHUERS
EETW, ARRKRA, RESHHELE
SRR, KERMEMESRHERT
FEERENE S B, RIBMIXCERK
7, BEBARME87Sr/ 86Sr #IAR NI =
ELENE DRI R BEK SRR TR
FENRE | — B8 XkBERaERT
TRzihaE (87Sr/86Sr) i <0.752
M eNd < 15), BREAXBERERR
FTRBEE (87Sr/86Sr) i > 0.752
# eNd > 15) (Guillotetal., 1995),
MEHMENS Sr /Y EREAEREED
RIS L IE TR ARNSE DB



BEE9F=4) (Zeng Lingsen et al., 2011 ; Hou Zenggian
etal., 2012), It%, Gou Zhengbin et al. (2016) A
NESA-HoBABENEEBE = RKBRAZ K,
M-8 - EnfiBEReEmn s NRERERTE
BRI K & BT AL E 3 T Bl 12 P R = B R K IS B RY = ¥,
MR R, SESNENTERE. T#UE
MERERENRETEHI B, BFRBERXSESH
aMERETN, SHEESHNBABTER S ER
ERERTIEIZE ML (Ji Minetal., 2021),
THREFAEMOBRHXEZANMAREKA, 4
45 ~23Ma WHZREAREERENSEMARSHESF
T (Searle et al., 1992 ; Ding Lin et al., 1999 ;
Hodges et al., 2006 ; Zhang Zeming et al., 2010),
23~ 14Ma R ZERIEA R ETEAREHEFZH T (Searle
et al., 1992 ; Walker et al., 1999 ; Hodges,
2000), Zhang Zeming et al. (2010) A, EHED
HEHTRAMMESHBBREHREH, SEDHKEES
EREHTKHERSENERERMBKER (SRR

5 E
A1 [N 244 sl

12 1K B
’E
e
=
o 09|

&
0.6
0.3 1 1 1
600 700 CC) 800 900

11 ESHESEER. REMSELERHP -T
$i% ( #% Zeng Lingsen et al., 2010)
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RO ENBE=EMECBBKER, B
MRS B BINBRKIAR), BEER
B, BERRANOBERIEBERTE
ZHS+I8ERE. Alt, BE51
HRIBERR A BE R KHAKRMTH. i
FEINE. #EERTRM KBRS
£ (B 11),

6. FHmFEANIRNESME

BT ENEE — LM Y i & X B Bk At
B, 7T 198K ES5000m BWE
EER, HEm7T “HREE” 2
NESDH L%, BITEESRNE
ARTERE, WFHBRMESLNIE
MEIENDNENFIEEEENE
Xo FBR, SRVEAREIZELRZ
FInE T 2RISR BFEEEN
T U REYEWN (Burbank et al.,
1993 ; An Zhisheng et al., 2001 ;
Tapponnier et al., 2001 ; Molnar
et al., 2010 ; Spicer, 2017 ; Deng
Tao et al., 2019), KHAILLKR, @A
Xt F F = R A 2R B F S FF
BT ARKENHE, FEFALEN. FH
MAMBREBELTENNE (BWHK, =
5% ; EHNXE, 1964 ; THIFE,
1979). HEAWEETNBYE (Turner
etal., 1993). W& &SN (Harris et
al., 1995) FH M EREDREAHFE
B% BY [8) 9 13 ~ 3Ma, B /5, Chung
Sun—LinHarris et al.,1995. (1998b)
REFERESRNAAEAERME, K
2 (£940Ma) 7 BE (29 20Ma),
Tapponnier et al. (2001) RHE T &
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RIFEMER | hasa block 6
@ HHED i) Oxygen isotopic data (theoretic)
O %A %) Oxygen isotopic data (empiric)
@ @ it [ Moist enthalpy of flora
& R h 9243 7K ¢ Central watershed in the plateau 5
lif:) Oxygen isotopic data (theoretic)
*§5) Oxygen isotopic data (empiric)
Olumped isotopic data
{d Moist enthalpy of flora 4
EDHIT Hamalaya
A (Hi%zy Oxygen isotopic data (theoretic)
A # #24r) Oxygen isotopic data (empiric) &
A = Hydrogen isotopic data ¢
A F s Moist enthalpy of flora 3
' 4
@*‘, ? | 2
g e
Do
4
L 4
4 1
¢
' 4
I' ’
+ L 1 1 y ™
100 90 80 70 60 50 40 30 20 10 0
A8 (Ma)

E12 FREEFRMELTHEF HEE (ERETH, 2021°)

ENE-WNhiEZ 5, ERe/RZNHER
&K ZENERUELEESEMRER IR
BB T 4EE (Rowley et al., 2006), Wang
Chengshan et al. (2008) RIENFRIZRFE
BRAERFHIERHSREHBFHRIREYT E
m sk, [EFLFZEILE (Rohrmann et al
.» 2012 ; LiYalin et al., 2015 ; Li Guangwei
etal., 2016), B2, EFEFTEE /RS
N—RIHEHHXNEE. CRARZMEAIN
N BaXEMEYMHE (Wu Feixiang et al.,
2017 ; Deng Tao et al., 2019) ETRBFESERE
FRERTELY 26Ma Z RINAL FHEMNREER (£
<2500 m), Ding Linetal. (2014) &%
Fang Xiaomin et al. (2020) RHEBESEHEF
MR EEEIEM ‘WLk—8" B
. BMETH (2021) CRIBEMEMEM K
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ARGETERaREAEKREE, BEREERE
RXBEAESME (B 12),
SZEPTR, XFEREREAIENSIE, B
FEERAEFRE O FEeREEHNIBELE
SMHEH, SHRENEKEASEZNRE? @ F
HeRERh el Inmity BmA? FILEs
NE-—HM. BECSHEREEEERE (B
&) JmE? 3 ESHHEEMNPIHHINEEAE
EEBRE (L) FEAN? mEMLRES
26, EFEHTFHRXKIENESEGHELEH
TE. RHEALEEFREERSREFE N
BirfREREA, BEEMRRRIN, HFEE
RENZEYE, HaISEEERFEME. 90 Harrison
etal. (1995) REFEER (BEEDHHKX)
KAEBHEREIEE O~ 7Ma 8, AL S
FREERAZRASE, HFEHKRBMAKRES.

4R (km)



BRENE - IMNNEILAFERAIES S
XERARGERME, FitBREMANENERN
SEEAIEITEFRE. B, BREREH
FREZHEY, BREEASRGTERNAEE
#& (Turner et al., 1993 ; Chung Sunlin et al.,
1998b ; EMES, 2009). tLEFRLFEF AL
Fiz# (Najaman et al., 2010) FEEFTE
FRESEEAHZT (McNeill et al., 2017 ; Zhou
Peng et al., 2020), B, WITRIMIRFHHRE
K% (Thiede et al., 2013) WA ZEEERM A
EEARETHRE, WATEAN, RIFR
ARSI S A E A SRRV PR E
BEEIENE, EFERBELZEERELSE
NFAERER, Bl HIREDN SEY
KaHBED . HEVUELAES . RER
iIRZ%). EMEMMNES DT (Mo HhE.
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CLAMP %) B 2RI ER2 1 (2. & EUR. “HF
BRRME" REITZE) . MUBENHASFLES
%, BRTFEMAENFBREURRENERNM,
ZKEHMABAFESFEMX (BERFHGEXT
E—#tX) ENEREASEFTERANES
( B 12, 13) (Huntington et al., 2015 ; Ding
Lin et al., 2017b ; Li Lin et al., 2019 ; Chen
Chichao et al., 2020 ; Spicer et al., 2020),
A, EFEAZIESHEREASRITHIE,
HEMEZ MK IFMBE U RARG ENF L
Moo, HMESMFRMBLES. HERIE, X
DRERMBENLN, #HMEERITER =R
HEAHE, AR EREEREANEHZEG

R AR,
(BT GmFRY 2022 55—
RS T LA )

O5°R

35°N

30°N

15°F 80°E

N°E OxER

E13 SHeRtaERRnEXansGEREXS X
( %183k A LiLin etal., 2019; Chen Chichao et al., 2020 & £ 3% 32k )

MFT—ERIEMZ; ANKSZ—URISN - BC4EaT,; JSZ—2WTEAT,; BNSZ—MIAITEST,; IYSZ—HE - HE#EMm 1EE

#; HESIELiLinetal (2019) , Chen Chichao etal (2020 ) SLIRENFSENRE,; 1 —E&8%,; 2 &M, 3—FEkAs°C; 4—

EYEEAGIE S D; b—1EEs,; 6 —REBREREREUE,;

7—IEFEAE; 8—EMINHE; O—8 COmERLER / FUA;

10— 38 DRVEIRIZE7KE )
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SNEES]
PROJECT SHOWCASE

It EhEEINENSEIEFR
BRI B H R R

,..‘uc?%I*E

LAY Z2 45

4+ A

NIZEE K T gERR M

SINGLE-WELL CIRCULATION GROUND
SOURCE HEAT PUMP SYSTEM
PROJECT AT BEIJING HAIDIAN
FOREIGN LANGUAGE EXPERIMENTAL

SCHOOL, BEIJING NORTH CAMPUS
A Case Study by the National Energy Conservation Center

8. SRS (159cE)

FERABRAEFERZ TREMUERTIAE
DHRRN “FZBERTERANAHATEG
iR, BE R AREEABRABRKRE At
REEISEELEFRRIER K BHFEIF IR
ARRGFIIR", 239, EBL NHREFS
METIHRIE, REMRINNE. MERTEFOLE
MEBH (XTE=ZBERTRERARANAHRER
PIRENEHBRGZBHRES) AJUEER, 2
ERAWERN 16 TERTRERANAREEA
B, EER “ERTEEIIEEFELEFRRIR

38

g (T 2TEm)

XEHBEAMEARZRFIE RERARE . R
RAEKRT HEEpaRR, BAKRTHRNARE
BIRHK,

AR EEIEEBLELFRRIERXMUTFE
BRZEKROT, EEILR™T 80 A8, ZRXE
BIESNEE SR F ARG 12 £ —RHIEFR L
PR, BIER 2022 FLRESM LA RS BRI
RBBTEFRMERFETERNRcHEEPE
ELDAAA BT E &M, RX 5660 &,
A A4 5000 REFEMBEIRTRAISERE. F3o



REXSMYZRNER 30 5EAXK, D A=HZIR,
BLEBRI—HI. ZTHR 10 SRR 14 BT KB
ZRNER, ZHETEREP,

B, JERMEEINEIEREARRIEREK
HE 10 BR, MENREERLLRA. BRY)
D MRSEELLRA. SERERRIE KR
RRA—FRR, RANAERR “BHEFRRA
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A PRELIMINARY STUDY ON THE
COUPLING HEATING (COOLING)
SYSTEM OF HYDROGEN ENERGY AND
SHALLOW GEOTHERMAL ENERGY

Author: Liu Baohong (Vice President of Heng Youyuan Technology Development Group)

Hydrogen energy is a clean and efficient
secondary energy with abundant resources,
wide source variety, and high energy value
of combustion. It is clean and pollution-free,
consists of various forms of utilization, and
can be used as an energy storage medium
among many other advantages. Shallow geo-
thermal energy is a clean and renewable en-
ergy. It refers to the low-temperature geother-
mal resources in the shallow crustal rock and
ground water with a temperature lower than
25°C within the depth of 200 meters below
the surface and beholds great value of devel-
opment and utilization under current technical
and economic contexts. It has the advantag-
es of having huge reserves, rapid regenera-
tion, wide distribution, moderate temperature,
and consistent stability, often boasted as an
inexhaustible huge “green energy treasure
house.” The shallow geothermal energy heat

pump system is driven by hydrogen fuel cell
power generation, and a clean power supply
for heating. Cooling and domestic hot water
supply system can be built independently to
form a low cost, efficient and clean distributed
comprehensive energy utilization system. In
this paper, the technical scheme of the cou-
pled heating (cooling) system of hydrogen
energy + shallow geothermal energy is pro-
posed. The influences of different coupling
modes on the initial investment, operating
cost and user burden are discussed, and the
coupling modes and proportions are deter-
mined and optimized. The coupled heating
(cooling) system of hydrogen energy + shal-
low geothermal energy is suitable for the ar-
eas without power conditions, especially for
the vast rural areas lacking electricity. It can
reduce the heating cost, improve the reliability
of heating, and realize energy saving, envi-
ronmental protection, saving and affordable
for residents in the heating field.
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2.Purpose of research

In 2020, China included hydrogen energy
in its 14th Five-Year Plan and Vision 2035,
which will help achieve the country’s strate-
gic goal of “carbon peak and carbon neutral-
ity.” In particular, China has a vast territory
and abundant renewable energy resources
such as solar energy, wind energy and tidal
energy. Its installed capacity of renewable
energy ranks first in the world, and it has
great potential in the supply of clean and
low-carbon hydrogen energy.

At present, the top-level design of hydro-
gen energy industry has begun in China.
The local government and enterprise are
actively involved in the layout of hydrogen
energy, and the hydrogen energy technology
chain is gradually nearing completion and
optimization, with the hydrogen energy in-
dustry chain gradually being formed. A “Hy-

Fossil fuels are an electricity

Natural gas

drogen China” strategy has emerged. The
coupled heating (cooling) system of hydro-
gen energy and shallow geothermal energy
can realize distributed cold, hot and electric
power supply, which can adjust the peak of
the power system and improve the reliability
of the power supply. It can also be used as a
clean and renewable comprehensive energy
for building heating (cooling) and domestic
hot water, which can play an irreplaceable
role in the future building heating field. Evi-
dently, hydrogen + shallow geothermal en-
ergy coupled heating system can solve the
intermittent problems brought by large-scale
new energy access, clean heating network,
environmental pollution and carbon emission
reduction problems, and will greatly promote
the rapid development of new energy in our
country, promote energy transformation, and
meet the needs of national economy and so-
cial development.

G
Electric power H
?Tm
R

Y500

1 e ﬁ’ w fuel il refining
- \
industrial .

Metafturgical chemical products

building

Schematic diagram of the whole industrial chain of hydrogen energy with green hydrogen as the core
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3.Hydrogen + shallow geothermal

coupled heating (cooling) system

3.1 Hydrogen energy + shallow geother-
mal energy coupling heating system

The coupled heating system of hydrogen
energy and shallow geothermal energy can
form a completely independent, continuous
and stable off-grid power supply, heating,
cooling and hot water supply system. Accord-
ing to the adaptability of the product and the
characteristics of the system, it can be divided
into distributed power generation household
heating (cold) system and distributed power
generation central heating system.

3.1.1 Distributed generation house-
hold heating system

3.1.1.1 Hydrogen-powered domestic CHP
fuel cell + household heating system coupling
Similar to the gas + ground energy heat
pump triple supply system, hydrogen ener-
gy and fuel cells can also be coupled to the

CURRENT FOCUS

building energy supply. The fuel of the fuel
cell system is city gas, specifically natural
gas, gas, LPG, etc.

The triplex power supply system coupled
with hydrogen household CHP fuel cell +
household heating system is composed of
six parts: fuel processing subsystem, fuel
cell system, power electronics subsystem
(power supply), waste heat recovery sub-
system, coupled hot water system, coupled
heating (cooling) system. First, the fuel
processing subsystem reorganizes gas into
hydrogen, which is delivered to the fuel cell
system to generate electricity. Secondly,
the power electronics subsystem converts
the direct current generated by the fuel cell
into alternating current, which is used by the
home-heating system of the ground energy
heat pump or incorporated into the power
grid. Then, the waste heat recovery subsys-
tem can recover and store the waste heat
generated by fuel cell power generation for
heating and heating water. Finally, according
to the cold and hot demand of the building
in winter and summer, the coupled hot water

| Coupled heating system |

f

—> Heating I
Ground energy hest
The power pump household —
supply Self heating system
Hot water Coupled hot
water system
Fuel handling —>
—> Fuel cell —» |Waste heat recover
subsystem Y
subsystem subsystem —> | Heating |

o f

Natural gas water Air /oxygen

Schematic diagram of coupled household heating system
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system and the coupled heating (cooling)
system are composed.

3.1.1.2 Optional equipment at home and
abroad

@ Fuel cell equipment

In Europe, America, Japan and other de-
veloped countries, under the strong support
of the government, the fuel cell building en-
ergy supply system has entered the stage of
commercial application. SOLIDPOWER, a
German company, is a pioneer in the small
SOFC fuel cell industry and has strong
technological innovation capability. Its core
product, BlueGEN, claims the most efficient
m-CHP equipment in the world, with more
than 1,000 installations worldwide. BlueGEN

uses natural gas power generation as a fuel
source to supply energy, with the input of
2.5kW fuel, output of 1.5kW electricity and
0.6kW heat, with a comprehensive efficiency
of 85%. Japan is committed to developing
distributed energy systems. With more than
200,000 home fuel cell systems in opera-
tion, Japan has the most extensive use of
fuel cells in the world. Japan’s domestic fuel
cell energy supply system uses urban gas
as fuel and mainly consists of a fuel cell and
a heat storage tank. The fuel cell is used to
generate electricity and the tank is used to
recover waste heat. Mainstream products on
the market include Panasonic, Aisin Seiko
and Toshiba, etc. The specific parameters
are shown below.

ENE-FARM SERIES

Solid Oxide

700W

Power generation

efficiency

Total efficiency

10

901 70°

90.0% ( "etthemaly g5 09
efficiency

Polymer Electrolyte Polymer Electrolyte

700W 700W

1401 60° 2001 60°

46.5% ( net Ihermal)I 39.0% (netthermal ) 39, 0%( net thetmal)

efficiency

efficien efficiency
net thermal net thermal
( efficiency ) 95.0% ( efficiency )
10 10

Schematic diagram of coupled household heating system
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@ Ground energy heat pump household
heating equipment

Ground energy heat pump household
heating equipment has been widely popu-
larized and applied. According to the form of
the end system, it can be built into a ground
energy heating and cooling all-in-one equip-
ment, with the end terminal composed of
cold and hot air type, and with ground ener-
gy heating and cooling all-in-one household
hot water system.

The equipment is low-power distributing
at 220V, with the end terminal of hot (cold)

CURRENT FOCUS

wind type. Heating speed is fast, with divided
configuration and use, and users can open
the room equipment at will, maximizing ener-
gy-saving needs.

2) Geothermal heat cooling household
water heater products

Geothermal energy household water
heater equipment is low-power distributing at
220V, with the end terminal of hot (cold) water
type, and can be combined with floor radia-
tion heating, radiator, fan coil end systems.

3.1.1.3 Characteristics of Coupling Heat-
ing system

Geothermal heat and cooling integrated machine frequency conversion products

Cold Regions with cold
Regions Lt winters and hot
[Note1] | Resions [Note 2] summers [Note3] |p e oo o
Serial |Working| Product Specifications and heatin
no. |Medium| Series Models area ( §)
Heat Heat Cooling Heat Cooling m
product ion | production | capacity | production | capacity
(kw) (kW) (kW) (kW) (kW)
Freqzupency < 60
- Cabinet (single
1 con(\)/rferilon DNV-I-56AN2 5.0 5.6 5.6 6.2 5.6 room
<
driven-two 30)
2P
<
Frequency Wall- (sineole
2 conversion | Suspending 5.0 5.6 5.6 6.2 5.6 g
Geothermal|  one- | DNV-I-56AN2 Q%f(‘;
heat & cold | driven-two =30
R410A all—ln—qne
machine 3p
(frequepcy) Frequency <90
conversion : .
conversion " (single
3 one- DNV-I-7T5AN3 6.8 7.6 7.6 8.3 7.6 room
driven- < 30)
three
3P
Frequency <90
4 CONVErSION I p\y.I-75AN3 | 6.8 7.6 7.6 8.3 7.6 (single
one- room
driven- < 30)
three
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One-drive-three frequency converter (internal cabinet

and wall-suspending machines can be matched at will)

Features: Each household is an indepen-

One-drive-two frequency converter (internal cabinet

and wall-suspending machines can be matched at will)

dent energy utilization system, independent ‘ W
of power grid operation, reducing energy
transmission investment and operation
costs; Flexible operation, environmental pro-
tection without harmful substance emissions.
Development prospect: It can be distrib- oy L )
Cold Regions with cold
Regions Cold winters and hot
Regions [Note 2
Serial |Working| Product Specifications and [Note 1] & ( 1| summers [Note3] R:Z‘;:?:;e
no. |Medium| Series Models Heat Heat | Cooling Heat Cooling | area ()
product ion | production | capacity | production | capacity
(kw) (kw) (kw) (kw) (kw)
3P Ground
1 Y ENergy | pns-iI-75A 7.2 8 6.4 9.4 6.4 <130
eat Pump
Boiler
6P
Ground Ground
2 | Rra1oa | Energy Energy | DNS-II-150A 14.4 16 12.8 18.8 12.8 <260
Heat Pump | Heat Pump
Boiler Boiler
9P
Ground
3 Energy | DNS-II-225A 21.6 24 19.2 28.2 19.2 <390
Heat Pump
Boiler

Note 1: Heat production in cold regions refers to the stable heat supply of the heat pump when the extreme outdoor temperature is -48.5°C and the
shallow geothermal energy temperature is about 9°C in Harbin, Changchun, Shenyang, Hohhot and other areas.

Note 2: Heat production in cold areas refers to the stable heat supply of heat pumps in Yan 'an, Beijing, Tianjin, Shijiazhuang, Jinan, Taiyuan,
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Zhengzhou, Xi 'an and other areas when the extreme outdoor temperature is -25°C and the shallow geothermal energy temperature is about 15°C .

Note 3: Heat production in cold winter and hot summer areas refers to the stable heat supply of the heat pump when the extreme outdoor
temperature is -12°C and the shallow geothermal energy temperature is about 19°C in Shanghai, Nanjing, Hangzhou, Hefei, Wuhan, Nanchang,

Fuzhou, Changsha and other areas.

uted to realize the single household self-use
and the combination of generation and use,
clean and pollution-free, which is the most
ideal way of user end energy use.

3.1.2 Distributed generation central
heating system

3.1.2.1 The hydrogen fuel cell power sta-
tion coupled with the ground energy heat
pump central heating system

Hydrogen energy has a high energy den-
sity and can achieve orders of magnitude in-
crease in energy storage capacity compared
with traditional energy storage methods. The
waste wind power generation, photovoltaic
power generation and other renewable en-
ergy can produce hydrogen at a low cost,
complete the transformation of electric-hy-
drogen-electric cycle, and realize a more
controllable, stable and secure supply of re-
newable electricity. Domestic hydrogen fuel

cell power station application technology is
mature, has been successfully used in traf-
fic, emergency power and other scenarios.
The coupling system of hydrogen fuel cell
power station and ground energy heat pump
central heating system can provide heating,
cooling and hot water for large area build-
ings or buildings.

3.1.2.2 Optional equipment at home and
abroad

1.Hydrogen fuel cell power station
equipment

In 2013, Germany completed the first
commercial h2-herten multi-energy comple-
mentary project to produce hydrogen from
wind power. The project is capable of pro-
ducing 250MW:-h of electricity per year and
nearly 6,500 kg of hydrogen, some of which
is used in fuel cells to generate enough elec-
tricity for a nearby office building. Similarly,
France has completed the MYRTE power
generation project in Corsica, with a 560kW

| Coupled heating system |

f

—> Heating
Ground energy hest
The po:Ner » |pump centralization| —>
supply Heating system —»[mh
T ot water Coupled hot
— m water system
The » |Energy storage| Fuelcell |__ \vaste heat recovery
hydrogen facility subsystem subsystem —> | Heating |
Air /oxygen

Schematic diagram of coupled central heating system
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photovoltaic plant, a 50kW water electrolysis
plant and a 100kW PEMFC fuel cell.

Domestic hydrogen fuel cell power station
technology is very mature, and is widely used
in automobile, emergency power and other
scenarios. Shanghai Hengjin Power 100kW
hydrogen fuel cell power station equipment
related parameters are as follows:

2.Shallow geothermal energy central heat-
ing equipment

Ground energy heat pump central heating
product specifications and models are more,
from scroll compressor to screw compres-
sor, centrifuge and so on have correspond-
ing specifications, a single heat pump host
can meet the heating needs of thousands or

The parameters of 100kW independent even tens of thousands of square meters of

Schematic diagram of hydrogen power generation system

Fuel cell power generation system

Hydrogen power generation module unit

High voltage DC bus

cammurication

— — — — _p  Hydrogen power generation module unit (reactor module) 1150*660*476mm

Hydrogan
storagebill
yuan

wsBaipii

a
3
g

£
g
g
g

g
¥
g
|

b e i e ] .

Hydrogen power generation module unit {integrated module) 1135°660*531mm

hydrogen fuel cell power station are as follows:

category p ruject parameter
model HAWS30K/60K/130K-A01
type PEM
Rated output power (kW) 37/68/131
Maximum output power
(k) 41/74/143
Rated voltage (V) 87/174/348
Starting temperature range (C) 2
Maximum reactor operating 85
s temperature (C) Cumulative
m:fe 2 continuous life (hrs) Working =0
Power generation years (years) Reactor specific Ten years
EysiEm power (kW/kg) Reactor power 2,20
density (KW/1
ensity (kW/1) -
Starting battery (kWh) 3
The efficiency of 539
Reactor startup time (no startup battery) 155
Power density per unit area (W/cm?2) 0.58
Rated single chip voltage (v) 0.65
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Scroll compressor heat pump
{civil): for heating and cooling
power: 10~100k

Sea water source heat pump unit:

Heating and cooling power: 500~2000k|

scale buildings, common ground energy heat
pump host single heat production from 10kW-
2000kW.

3.1.2.3 Features of coupled heating
system

Functions of coupled heating system: cen-
tral heating, cooling and hot water supply for
one building or multiple buildings.

Features: One building or multiple build-
ings is an independent energy utilization
system, independent of power grid operation,
environmental protection without harmful sub-
stance emissions; Hydrogen energy device
equipment is placed in the public area of the
building, combined with domestic develop-
ment technology, the specific implementation
of safety performance is easier to meet.

Development prospects: regional build-
ings can be distributed to realize self-use and
combination of development and use, clean

Cooling and heating power: 150~2000kW

L]
Fi

Sewage source heat pump unit:

Cooling and heating power: 500~2000kW
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Cooling and heating power. 300-2000kW

Hightemperature heat pump unit:

Cooling and heating power: 2001500k

and pollution-free, which is a new distributed
comprehensive energy utilization mode.

3.2 Cost and economic and environmental
benefits of hydrogen energy + shallow
geothermal energy coupling heating
system

3.2.1 Initial Investment

(D Hydrogen-powered household CHP fuel
cell + household heating system coupling

More than 5,000 households in the 2020
Olympic Village in Tokyo, Japan, are powered
by the hydrogen household combined heat
and power fuel cell system. The total cost of
each household equipment is about 1.4 mil-
lion yen, equivalent to 88,400 yuan. The cor-
responding investment for 100 m* buildings
which contains self- heating systems is about
25,000 yuan; The total investment of the cou-
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pling system is about 113,400 yuan/house-
hold. With reference to BlueGEN equipment
parameters, each household is equipped with
hydrogen household cogeneration fuel cells
with power of 1.5kW, coupled shallow geo-
thermal energy household heat pump system
can heat 6kW, plus power generation heating
water load of 0.6kW, the maximum hourly
household heat supply of 6.6kW. The invest-
ment of hydrogen household combined heat
and power fuel cell system is calculated as
58,900 yuan /kW based on generation pow-
er and 13,400 yuan /kW based on coupling
heating power. The investment of the shal-
low-layer geothermal energy household heat
pump system is calculated by the coupled
heating power of RMB 3,800 /kW; The total
investment of the coupling system is 17,200
yuan /kW.

(2) Coupling of hydrogen fuel cell power
station and ground energy heat pump central
heating system

The cost of hydrogen fuel cell system
is about 10,000 yuan /kW, and the market
price of a complete set of 100kW hydrogen
fuel cell power station is about 1.8 million
yuan. According to the relevant parameters
of the 100kW hydrogen fuel cell power sta-
tion equipment of Shanghai Hengjin Power,
the heating power of the ground energy heat
pump system is 400kW, and the heating wa-
ter load of the power generation is 60kW. The
total heating power is 460kW, which can be
used to heat 9000 square meters of buildings.
The investment of the ground energy heat
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pump system is about 2 million yuan (exclud-
ing the heating terminal system), the total in-
vestment of the coupling system is about 3.8
million yuan, and the total investment of the
coupling system is 82,600 yuan /kW.

3.2.2 Operation cost

Operating costs are influenced by hy-
drogen production cost, system power gen-
eration efficiency, etc. The main factor is
hydrogen production cost. First, the cost of
hydrogen production is high. At present, the
cost of hydrogen production and transporta-
tion and filling cost is almost 1:1. The cost of
coal hydrogen is about 2 yuan/cubic meter,
and it becomes 4 yuan/cubic meter at the
hydrogenation station. Additionally, the mar-
ket price of hydrogen is 70 yuan/kg, and the
energy price is relatively high. The operation
cost is calculated and compared according to
the hydrogen energy cost after industrializa-
tion development of 10 yuan/kg.

When the cost of hydrogen energy is 10
yuan/kg, the operation cost of the coupled
heating system of hydrogen energy house-
hold CHP fuel cell + household heating sys-
tem is 4150 yuan, which is 23.9% cheaper
than the electric heating system, but 29%
higher than the hydrogen boiler system and
67% higher than the geothermal energy
heat pump system..

3.2.3 Comprehensive energy efficiency
Integrated energy efficiency is affected
by hydrogen production technology, fuel cell
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. . Energy Consumption .
Heating System Equipment Iﬂeatmg During One Heating Unit Price of Energy Operating Cost
Capacity (Yuan)
System
. . Electric Power Electricity price of 0.52
Electric Heating System 6kW Consumption 10500kWh yuan/KWH 5460
Geothermal Heat Pump Electric Power Consump- Electricity price of 0.52
5460 ) 1365
System tion 2625kWh yuan/KWH
Hydrogen at 44 Yuan/kg 12927.2
) In 3233m? of hydrogen,
Hydrogen Boiler System 6kW 293.8 kg
Hydrogen at 10 Yuan/kg 2938
Hydrogen-powered Hydrogen at 44 Yuan/kg 18260
household CHP fuel cell 6.9KW In 4565m? of hydrogen,
+household heating ' 415 kg
system coupling Hydrogen at 10 Yuan/kg 4150

power generation efficiency and integrated
heat conversion efficiency. The coupling heat-
ing (cooling) system efficiency with shallow
geothermal energy after power supply is
shown in the figure below.

1) Hydrogen-powered household cogen-
eration fuel cell + household heating system
coupling uses hydrogen-powered fuel cell
power generation technology based on natu-
ral gas, gas, etc. Specifically, it is “natural gas/
coal — natural gas/coal gasification hydrogen

-

Winter energy balance diagram

production (reforming efficiency of natural gas
is 65%) — hydrogen storage (efficiency is
90%) — hydrogen fuel cell power generation
(efficiency is 60%) + power generation heat
generation (efficiency is 24%) — ground en-
ergy heat pump system heating.”

Total heating efficiency 65% x 90% x
(60%+24%) x400%=196%;

Total refrigeration efficiency 65%%90%
x60%%500%=175%.

2) The coupling of hydrogen fuel cell

Summer energy balance diagram
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power station and ground energy heat pump
central heating system is based on renewable
clean wind power generation, photovoltaic
power generation — electrolytic water hydro-
gen production electrolytic water efficiency
60%) — hydrogen storage (efficiency 90%) —
hydrogen fuel cell power generation (efficien-
cy 50%) + heat generation (efficiency 30%)
— ground energy heat pump system heating.

Total heating efficiency 60%x90% x
(50%+30%) x 400%=172%;

Total cooling efficiency 60%*90%x50%
x 500%=135%.

3.2.4 Analysis of energy saving in

operation

Based on the analysis of 10500kWh heat-
ing load of 100 m®building in winter in Beijing
area, The power generation is considered
according to the national standard coal con-
sumption of power supply of thermal power
plants with 6000 kW or above, the calorific
value of hydrogen fuel is 32,352 kcal/kg, the
calorific value of 2.4m? hydrogen is equiv-
alent to the calorific value of 1kg standard
coal, 1m?® hydrogen (11m? hydrogen weighs
1kg) generates 1.5 degrees of electricity, the
power generation efficiency is 60% according
to BlueGEN equipment parameters, and the
power generation efficiency is 60%. The hot

. . Efficiency | Energy Con- | Converted
Equipment | Heating . Energy
. Mode of Energy . after Energy | sumptionin | to Stan-
Heating System . Heating System . . Saved
Conversion Capacit Efficienc Delivery | One Heating | dard Coal (%)
pactty y Loss System (kg) °
Electricity delivered
Electric Heating |through centralized grid Power Con-
System to each household and G kw ! 06 sumption 2460 0
y . 10500 kWh
converted into heat
Power generation
Geothermal Heat | centralized to transport Power Con-
) P 6 kW 4 24 sumption 1365 75.0
Pump System | electric energy to drive
2625 kWh
the heat pump
Hydrogen is burned Converts to
Hyd Boil 3233m? 293.8
YATOBEN BOREr | g converted into heat| 6 kw 0.95 0.8 m 16839 | 692
System kg of Hydro-
energy
gen
H - -
ydrogen-pow o Converts to
ered household | Heat pump is driven by 4565 m?. 415
CHP fuel cell + |hydrogen power genera- 6.9 kW 2.3 2.3 ’ 827.0 84.9
i ; kg of Hydro-
household heating tion en
system coupling g
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water efficiency is 24%. Hydrogen compres-
sion (3% loss ~ 6 percent), transportation (lost
2 percent ~ 3%), retail (10% loss), and overall
energy transportation (15% loss).The energy
consumption and energy saving analysis of
different heating methods are as follows:

The above analysis shows that in the
electric heating system, geothermal heat
pump system, hydrogen boiler system, hy-
drogen household combined heat and power
fuel cell + household heating system coupled
heating system, The energy- saving efficien-
cy in descending order is geothermal energy
heat pump system > hydrogen household
combined heat and power fuel cell + house-
hold self-heating system coupling heating
system > hydrogen boiler system > electric
heating system. The energy saving of hydro-
gen household combined heat and power
fuel cell + household self-heating system
coupling heating system is 15.7% higher
than that of hydrogen boiler..

3.2.5 Environmental benefits

1.Hydrogen-powered household CHP fuel
cell + household heating system coupling
adopts the hydrogen-powered fuel cell power
generation technology route based on natural
gas and gas, etc. In the whole process, only
the hydrogen energy production process will
produce CO2 emission. CHP fuel cell and
ground energy heat pump system are both
zero-pollution and zero-emission processes.
For each Kg of hydrogen produced, the CO2
emission of natural gas reforming technology

CURRENT FOCUS

is 9Kg, and that of coal gasification technolo-
gy is 12Kg.

2.The coupling of hydrogen fuel cell power
station and ground energy heat pump central
heating system adopts the route of generat-
ing hydrogen based on renewable clean wind
power and electrolytic water for photovoltaic
power generation. As wind power and photo-
voltaic power generation are used as clean
power sources, there is no CO2 emission in
the whole process.

3.3 Analysis of investment and operation
cost of heating system with different
coupling modes

The coupled system investment of hydro-
gen household CHP fuel cell + household
heating system is mainly affected by the
price of CHP fuel cell, and the heating load
of the system is small and the sensitivity
fluctuates greatly.

The coupling system of hydrogen fuel cell
power station and ground energy heat pump
central heating system is used to analyze
the different coupling modes. The fuel cell
system efficiency is 0.8, the power genera-
tion efficiency is 0.5, and the heating water
thermal efficiency is 0.3. The investment of
fuel power generation system is calculated
according to the cost of 10,000 yuan /kW,
and after industrialization, 5,000 yuan /kW
and 0.1 yuan /KW respectively.

Operating cost 1 — Hydrogen energy
sells for 44 yuan/kg.
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Operating cost 2 — Hydrogen energy

sells for 10 yuan/kg.

To sum up, the analysis of different cou-

pling systems shows that when the price of
hydrogen energy is 44 yuan/kg, the heat-
ing cost of 30%(hydrogen energy + shal-

Analysis table of initial investment and running cost of different coupling modes

Propor-
tion of
Invest- | Invest- | Invest- .
heating
. ment | ment | ment
Effi- load
Heat- | cienc (Yuan/ | (Yuan/ | (Yuan/ borne b
. Total | . Y Energy Oper- | Oper- | kW) kw) kw) Y
Energy .| Itemized ing after | Heat- En- . . hydrogen
. Electric . Heat- . con- ating | ating | Fuel Fuel Fuel
Heating | Con- Heating | . Sys- | energy | ing . ergy energy +
. Power ing sumption . Costs | Costs | gener- | gener- | gener-
System | version Load tem | trans- | Area . Unit . . . shallow
(kw) Load . . 2 inone . (Yuan/ | (Yuan/| ation | ation | ation
Mode (kW) Effi- mis- (m?) Price 2 geo-
(kw) cienc sion season kw) m?®) | system | system | system thermal
Y loss 10,000 | 5000 | 1000 ener
Yuan/ | Yuan/ | Yuan/ cou llg:
KW | kW | kw piing
system
(%)
Electricity
delivered
through Elec-
. central- tricity
Electric | . . 210,000 .
. ized grid price
Heating 100 100 100 1 0.37 2000 kWh of 1092 54.6 2200 2200 2200 /
System to each electricit of0.52
y house- Y yuan/
hold and KWH
converted
into heat
Power
generation Elec-
Geother- central- tricit
| izedto 210,000 ricg
pum transport | 100 400 400 4 1.48 8000 | kwWh of o’;OSZ 273 | 13.65 | 4000 4000 4000 0
P electric electricity ’
System yuan/
energy to
i KWH
drive the
heat pump
Hydro-
Cou- 4
ling of gen
piing 400 at44 | 3652 | 1826 100
hydrogen Yuan/
fuel cell Equiva-
Local kg
power hvdrosen lent to
station | VO O 420000m’
and power of Hy-
round generation| 100 460 2.3 2.3 9200 drosen 5652.2 | 4652.2 | 3695.7
iner Is used to measgure,d Fydro-
&y drive the . gen
heat | ot pump 60 in38.18 | 5110 | 830 | 415 100
pump tonnes Yuan/
cent‘ral kg
heating
system
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Propor-
tion of
Invest- | Invest- | Invest- .
heating
Effi- ment ment ment load
Heat- | cienc (Vuan/ | (vuan/ | (Yuan/ borne b
. Total | . Y Energy Oper- | Oper- | kW) kw) kw) Y
Energy .| Itemized ing after | Heat- En- . . hydrogen
. Electric . Heat- . con- ating | ating | Fuel Fuel Fuel
Heating Con- Heating | . Sys- | energy | ing . ergy energy +
. Power ing sumption ! Costs | Costs | gener- | gener- | gener-
System | version Load tem | trans- | Area . Unit R R . shallow
(kw) Load X . B inone . (Yuan/ | (Yuan/| ation | ation | ation
Mode (kW) Effi- mis- (m?) Price ) geo-
(kw) cien ion season kw) m?) | system | system | system thermal
ency TOSS 10,000 | 5000 | 1000 | °7
Yuan/ | Yuan/ | Yuan/ rgy
Kkw | kw | kw | OUPinE
system
(%)
Hydro-
Equiva- | &N
50% (hy-| Local 200 lentto | at44 |1961.6| 98.1 50
drogen | hydrogen 215000m?| Yuan/
energy + powci.r © of Hy- ke
shallow generation
_ |isusedto drogen, | jydro-
geo R measured gen
thermal drive the in19.5
heat pump 30 : at10 | 551.0 | 27.5 50
energy 470 | 315 | 1.89 | 9400 | tOMNES | yyap/ 4808.5 | 4276.6 | 3851.1
coupling) K
+50% €
geo-
thermal G q tE.le.ct-
energy | G 123000 | L]
coupling heat pump 60 240 kWh.o.f 0f0.52 / / 50
system electricity
system yuan/
KWH
Hydro-
: Equiva- | gen
33:? (2?1’ ) :OCE’" 120 lentto | at44 |1290.7| 64.3 30
8 ydrogen 126000m?| Yuan/
energy+| power of Hy- ke
shallow |generation| 30 d v
geo- | isused to rOge”’d Hydro-
thermal | drive the mezlsluzz gen
18 fn 1. t10 | 440.7 | 219 30
energy Jheat pump 458 | 349 | 1726 | 9200 | tonnes | v 4497.8 | 41703 | 39083
coupling) Yuan/
+70% kg
thgeO- | Elec-
erma ..
Ground tricity
ENET8Y | energy 16,8000 price
coupling heat pump 8 320 lkWth,O,ft of 0.52 / / 10
system system electnaty yuan/
KWH
low geothermal energy coupling) +70% 50%(hydrogen energy + shallow geother-
geothermal energy coupling system is 64.3 mal energy coupling) +50% geothermal
yuan/square meter, 15% higher than that energy coupling system and 30% hydro-
of electric heating system, indicating a high gen energy +70% geothermal energy cou-
heating cost. When the price of hydrogen pling system are 27.5 yuan/square meter
energy is 10 yuan/kg, the heating cost of and 21.9 yuan/square meter respectively,
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Operating cost analysis table of Hydrogen energy + shallow geothermal energy bearing
t hydrogen energy prices

different load ratio and differen
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which is close to the urban heating cost
standard and can be borne by users.

Initial investment 1 -- The cost of hydro-
gen fuel cell power generation system is
10,000 yuan /kW

Initial investment 2 -- The cost of hydro-

Initial investment analysis table of coupled heating syste

shallow geothermal energy coupling system

gen fuel cell power generation system is
5,000 yuan /kW

Initial investment 3 -- Hydrogen fuel cell
power generation system investment at the
cost of RMB 10,000 /kW

According to the investment of the ex-

m of Hydrogen energy + shallow geothermal

energy bearing different load ratio and different hydrogen fuel cell power generation system prices
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Proportion of heating load
energy coupling system (%)

borne by hydrogen energy + shallow geothermal

=== |nitial Investment 1(Yuan/kW)
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isting hydrogen fuel cell power generation shallow geothermal energy coupling) +50%
system and the cost of 10,000 yuan /kW, geothermal energy coupling system is RMB
the coupling investment of the hydrogen 3851.1 /kW > the coupling investment of
fuel cell power generation system and the hydrogen fuel cell power station and ground
ground energy heat pump central heating energy heat pump central heating system is

system is 5652.2 yuan /kW, the highest. The RMB 3695.7 /kW.
investment of 50%(hydrogen energy + shal-
low geothermal energy coupling) +50% geo- 3.4 Innovations of the coupling system
thermal energy coupling system and 30%

hydrogen energy +70% geothermal energy In order to ensure that the fuel cell works
coupling system are respectively 16.8% and at the appropriate temperature, the cooling
11% higher than that of geothermal ener- method must be used to eliminate the heat.
gy heat pump system.The investment after The heat taken away by the cooling can be
industrialization of the existing fuel power used as hot water heating and hot water
generation system is calculated according to supply. The water/water heat exchanger is
the cost of 101,000 yuan/kW, and the invest- suitable for the fuel cell system because of
ment of the geothermal energy heat pump its high heat transfer coefficient, small heat
system is the highest at 4000 yuan /kW. exchanger area and efficient and stable heat
The investment of 30% hydrogen energy transfer.

+70% geothermal energy coupling system is For the coupled heating system of hydro-

RMB 3908.3 /kW > 50%(hydrogen energy + gen energy and shallow geothermal energy,

TempemumTn it Pressure transducer ‘
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Diagram of hot water system/shallow geothermal cooling system for fuel cell stack
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the heat generated by fuel cells in winter and
transition season can be used as heat source
for heating and domestic hot water. For the
same system, the building itself needs to dis-
charge a lot of heat to reduce the indoor ambi-
ent temperature in summer, and the heat gen-
erated by fuel cells will become excess heat.
The shallow geothermal energy system can
be used as a good low temperature cooling
source for the battery stack system, including
winter and summer conditions. The shallow
geothermal energy cooling system can also
be used as a low temperature cooling source
for the fuel cell system. Through the rational
design, configuration, and control of the cou-
pling system, the shallow geothermal energy
cooling system can improve the temperature
of the shallow geothermal energy supply and
the efficiency of the geothermal energy heat
pump system in winter, which is an important
measure to improve the comprehensive ener-
gy efficiency of the coupling system.

4. Conclusion

Hydrogen energy, the energy released
by hydrogen (H) in the process of physical
and chemical changes, is clean and efficient,
can store energy, can be transported, and
has various application scenarios. It can be

made in a variety of ways with small resource
constraints. Fuel cells can be used to convert
hydrogen energy directly into electricity and
water through electrochemical reaction with-
out discharging pollutants. The power gener-
ation efficiency is more than 50%, making it a
highly efficient energy with zero pollution.

As a green and environmentally friendly
renewable resource, shallow geothermal en-
ergy has become the first choice to replace
traditional heating energy because of its
huge reserves, rapid regeneration, wide dis-
tribution, good stability and other advantag-
es. Therefore, the development and utiliza-
tion of shallow geothermal energy plays an
important role in building a resource-saving
and environment-friendly society in China,
and also plays an important role in the re-
form of China’s energy structure.

With the continuous expansion of large-
scale application, the initial investment and
operating cost are greatly reduced. Shallow
geothermal energy is a clean and renewable
energy, which has shown the characteristics
of low operating cost, high efficiency and en-
ergy saving. Scientific coupling of hydrogen
energy and shallow geothermal energy can
provide a safe and reliable clean heating
scheme with low initial investment, and low
operating cost can be expected.
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GLOBAL CONCENTRATIONS OF
GREENHOUSE GASES HAVE HIT NEW
HIGH

Author: Xu Xiaofeng
Incumbent President of China Meteorological Service Association and former Deputy Director of China Meteorological
Administration

On Oct. 26, the 2021 the seven hottest years on record.
World Meteorological The 2021 concentration of carbon dioxide was at 415.7 ppm,
Organization (WMO) whereas for methane it was at 1908 ppb, and nitrous oxide at 334.5
released a unsettling ppb. These levels were 149%, 262%, and 124% above the average
update to its Green- levels pre=industrialization, when human activity began to alter the
house Gas Bulletin. natural balance of these gases in the atmosphere.

According to the

_ 420 . . . . . . .
report, Carbon Di-
oxide, Methane and 410
Nitrous Oxide, the —
three main green- g 400
house gases that c 390
contribute to climate '%
change, are a major g 380
source .of cllma.te % 370
change in countries S
around the world, ON 360
experienced height- ©
ened levels in the 350
atmosphere which 340 & . ! | | | | |
hit a record high in 1985 1990 1995 2000 2005 2010 2015 2020
2021, with 2015 to Year
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Changes in carbon dioxide growth over
the Years (taken from WMO website)

Carbon dioxide levels, which are widely
monitored, will increase further between
2020 and 2021 than the average annual
increase over the past decade. Measure-
ments from the WMO Global Atmospheric
Observatory website show that levels con-
tinue to rise through 2022. The amount of
greenhouse gases warming the climate
through radiative forcing has increased by
nearly 50 percent between 1990 and 2021,
with carbon dioxide accounting for about 80
percent of the increase.

In 2021, the year saw the largest year-
over-year increase in methane concentra-
tions since systematic measurements began
40 years ago. The reasons for this abnor-
mal growth remain to be analyzed, but it is

thought to be caused by a combination of
biological processes and human activities.

Changes in Methane growth over the
Years (taken from WMO website)

Professor Petteri Taalas, Secretary Gen-
eral of WMO, cited: “WMOQO’s Greenhouse
Gas Bulletin once again highlights the enor-
mous challenge and the vital importance of
taking urgent action to reduce greenhouse
gas emissions in order to prevent further
increases in global temperatures. The con-
tinued rise in concentrations of major green-
house gases, including a record acceleration
in methane levels, shows that we are still
moving in the wrong direction.”

Year-on-year changes in nitrous oxide
(taken from WMO website)
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“We need to change the way we con-
sume energy in our industry, our energy
and transport systems, and our entire ways
of living, especially by reducing emissions
from fossil fuels,” Taalas stressed. The
changes that have been made are econom-
ically and technically feasible to achieve a
cost-benefit balance, and we should adopt
them without delay. “The climate effects of
relatively short-lived methane are revers-
ible, and the first and most urgent action
should be to cut carbon dioxide emissions,
which are a major contributor to warming
and associated extreme weather events,
causing polar ice loss and sea level rise,
with climate effects that will be felt for thou-
sands of years.”

The WMO report, released on the eve
of the 27th United Nations Climate Change
Conference (COP27) in Sharm el-Sheikh,

340 — l 1
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Egypt, from November 7 to 18, aims to pro-
mote COP27 negotiators as decision-mak-
ers for effective action to achieve the goals
set out in the Paris Agreement, to limit the
increase in global warming to 2 degrees
Celsius over the pre-industrial average, and
to 1.5 degrees Celsius if possible. The glob-
al average temperature is now more than
1.1°C above the pre-industrial average of
1850-1900.

According to the information provided
by the WMO report, it is important to build
consensus and establish rules and tar-
gets. Nevertheless, without feasible con-
crete measures and supervision mecha-
nisms, countries may not be effective in
taking actions together and form synergy,
and the road to reducing emissions and
addressing climate change will be difficult
and tortuous.
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REVISITING THE TEN KEY
GEOSCIENTIFIC PROBLEMS IN THE

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

Xu Zhiqin "%, Li Guangwei ', Zhang Zeming ?, Li Haibing 2, Wang Yuejun 3, Peng
Miao *, Hu Xiumian ', Yi Zhiyu 3, Zheng Bihai '

1) State Key Laboratory of Metallogenetic Mechanism of Endophytic Metal Deposits, School of Earth Sciences and
Engineering, Institute of Continental Dynamics, Nanjing University, Nanjing 210043, China;

2) Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China;

3) Sun Yat-sen University, Zhuhai 510275, China; 4) China University of Geosciences, Beijing 100083, China

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: (D The Indian continental Northward drift
model; @ Initial collision time between India and Asia; ® 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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Keywords : Qinghai-Tibet Plateau; Plate tectonics; Dynamics of continents

As the highest, largest, thickest and
newest plateau in the world, the Qinghai-Ti-
bet Plateau is the optimal laboratory for
developing 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-examin-
ing and exploring the key scientific issues
of the Qinghai-Tibet Plateau can provide
important new information for the study of
the evolution of the continental lithosphere
and its energy resources, geological haz-
ards and global environmental effects at
the plate convergence boundary, and make
contributions to solving the “landing” prob-
lem of the plate tectonic theory.

The Indo-Asian collision is the most
spectacular geological event since the Ce-
nozoic era, resulting in the rise of the Hi-
malayas, 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 dis-
persion and deformation of the inner Asian

continent within 2000km, the basin system
and oil and gas resources around the Ti-
betan Plateau, the South Asian monsoon
and Asia Inland drought, etc. The author
puts forward the following key geological
questions for the study of the Qinghai-Tibet
Plateau: (1)The Indian continent North drift
model; (2) Initial collision time between In-
dia and Asia; (3) Paleo Tethys orogeny in
the Tibetan Plateau; (4) Crustal shortening
in the Paleogene Himalayan orogenic belt;
(5) the deep melting mechanism of the high
Himalaya; (6) The time limit and difference
of the uplift of the Qinghai-Tibet Plateau;
(7) Structure-denudation-climate interaction
and South Asian monsoon; (8) Distribution
and origin of key mineral resources on the
Qinghai-Tibet Plateau; (9)Active fault zone
and seismogenic mechanism of the Qin-
ghai-Tibet Plateau; The fate of the Indian
subduction Plate after the collision -- Deep
dynamic processes. This essay commemo-
rates the 100th anniversary of the Geologi-
cal Journal.
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1.Model of the northern drift of the

Indian continent

Traversing through the tunnels of time and
space to the Mesozoic era, India and Eurasia
was still a vast ocean, called the New Tethys
Ocean. Studies suggest that the Triassic Indian
plate began to disintegrate from the supercon-
tinent Gondwana, followed by a Cretaceous
opening, where at the beginning of the north-
ward drift, it collided with Eurasia at about 60
Ma(Zhuetal.,2011;Metcalfe,2013,2017,2021;-
MaXuxuanetal.,2018,2021c) . Therefore, the
rise of the Himalayas, the uplifting of the Qin-
ghai-Tibet Plateau and the escape of a large
number of materials to both sides, and the
dispersion and deformation of the inner Asian
continent within the range of 2000km formed
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the thickest crust on Earth (70 ~ 80km) in
the Himalayan orogenic belt and South Tibet
(Zhao Wenijin et al., 1993; Yin An, 2000; Schul-
te-Pelkum et al., 2005; Zhang Zhongjieet al.,
2011) . During the northward drift of the Indian
continent since the Early Cretaceous, a coun-
terclockwise rotation of 90° occurred, which
caused the paleo-latitude changes of the Indi-
an plate(Besse et a., 2002; Zhang et al.2017).

There are two different structural recon-
struction models for the northern drift of the
Indian continent: the Great India Northern
drift (which is the view of most scholars) and
the “Great India Basin” northern drift (van
Hinsbergen et al., 2012) (Fig.1).

The former suggests that with the sub-
duction and closure of the Neo-Tethys
Ocean basin, the north-drifting Great Indian
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Fig.1 Comparison of models for the restoration and northwards drift of the Indian Plate

(a) -The model shows the single Indian contiguous plate with a wide continental margin incorporating Lesser.Greater and Tethyan

Himalaya as one plate.and the India.Asia collision at 50 Ma;

(b) -the model after van Hinsbergen et al.2012).shows a separated Tibetan Himalaya microplate Tethys Himalayan Sequence+Greater
Himalayan Sequence)with an intervening ooean.the socalled Greater Himalayan Basin'separating this from the main Indian Plate. This

model involves Soft collision'at 50 Ma and a hard collision'at 25~20 Ma
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plate collided with Eurasia. The latter pro-
posed that the northern drift of the Great
India plate occurred before the Cretaceous,
and the Himalayan microlandmasses (in-
cluding the Tethyan Himalaya and the High
Himalaya) separated from the main conti-
nent of India in the Late Cretaceous, sepa-
rating the Great India Basin in the middle,
and then both landmasses and the Great
India Basin drifted northward at the same
time. During the period of 50 Ma, the Hima-
layan microlandmass firstly had a soft colli-
sion with Eurasia, and during the period of
25 ~ 20 Ma, the closure of the Great India
Basin resulted in a hard collision between
the main continent of India and Eurasia (van
Hinsbergen et al., 2012) .

Based on the Northward drift model of
the Great India Basin, some new two-stage
collision models have been developed in
recent years (Yang Tianshui et al., 2015,
2019; Yuan Jie et al. 2021; Jadoon et al.
2021) .Yuan Jie et al.(2021) According to the
paleomagnetic data of the northern Tethys
Himalayan belt in Gynze and Sagar area,
the northern boundary of the Great India
Basin is defined. The continental crust of
the Great India Basin does not exist, and a
northern Indian Ocean of about 1000km is
emphasized in the Late Cretaceous. It is the
result of the separation of the Himalayan
microlandmass from the main continent of
India in the Late Cretaceous (about 75-61
Ma). The Himalayan microlandmass collided
with the Lhasa terrane at about 61 Ma, and
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the Indian continent collided with the Tethyan
Himalaya at 53 ~ 48 Ma. Jadoon et al. (2021)
established a similar Indo-Asian multi-stage
collision model based on paleomagnetic
data from Late Cretaceous Marine red beds
in Pakistan. In this regard, the author be-
lieves that the main debate over the northern
drift of the Indian continent is the size of the
Greater India plate. For paleomagnetic data,
further provenance analysis is needed to
define its affinity with India or Lhasa terrane,
so as to make the judgment of its tectonic
location convincing. In addition, how did the
approximately 90° rotational northerly drift of
the Indian continent during the Early Creta-
ceous-Late Cretaceous-make a difference in
the Tethys Himalaya.

The latitudinal changes in the region and
whether they caused “stretching” between
the Indian continent and the Tethys Hima-
layan terrane are worthy of further study.
Due to the existence of a main central
thrust fault (MCT) between the Himalayan
microlandmass and the lower Himalaya
on the northern margin of the Indian main
continent, no ophiolite or extensional basin
representing oceanic crust fragments has
ever been found, and the two-stage collision
model is still questioned by field geologists.
In addition, the complexity of the NeoTethian
ocean-continental pattern should be con-
sidered in the discussion of the NeoTethian
subduction process, including: (1) Was there
a transition from intracontinental subduction
to ocean-continental collision? When and
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how to convert? (2) The variation of
Indo-Asian convergence rate over time
and space?

2. Indo-Asian initial collision

time limit

The timing of the initial India-Asia
collision has been debated.The key
depends on how one defines “initial
collision”,the initial collision times
obtained by different scholars using
different methods vary widely (from
70 Ma to 34 Ma)Powellet al.,1973 Pa-
triat et al.1984 Le Fort,1987 Wang et
al,2003 Ding Lin et al.2005 Aitchison et
al.2007 Mok et al.,2007 Garzanti,2008
Huang et al., 2010 Najman et al.2010
van Hinsbergen et al.2012 DeCelles et
al.2014 Wu Fuyuan et al.2014 Hu Xi-
umian et al.2015 2016a,2016b:Zhuang
Guangsheng et al.2015,2017a:Zhu et
al.,2017.Methods to constrain the fine
timing of the initial collision include
paleomagnetic evidence of the decel-
eration time of the Indian plate’s north-
ward drift Molnar et al,1975 Treloar
etal.1991 Klootwijk,1992 Ali et al.2005
Najman et al.2010 Copley et al.2010
van Hinsbergen et al.2012,where ev-
idence for the last Marine sedimen-
tary time at the Indo-Brahmaputra
suture zone and along the northern
margin of the Indian Plate Garzanti et
al.’1987:Searle et al.1987 Hu Xiumian
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et al.2015 2016a,deposition time of the oldest con-
tinents along the suture zone Searle et al.,1987
St.Onge et al.,2010 DeCelles et al.2014,end of
magmatism of the “I'type granitic base in the mag-
matic arcassociated with subduction on the south-
ern margin of Asia(Chung Sun-Lin et al.1998a:St.
Onge et al.2010 Ma et al.,2021a:Ma Xuxun et
al.,2021b,20210as well as the duration of UHP
metamorphism along the northern tip of the Indian
plate Leech et al.,2005 and so on.

Recently, paleomagnetic studies have provided
a new time limit for the initial Indo-Asian collision,
and obtained clastic magnetite + biommagnetite
through fold examination and magnetic mineral ex-
traction from the Gamba Zonpu Formation (about
62 ~ 59 Ma) of the Tethys Himalayan terrae. It is
proved that the paleomagnetic results are primary
remanence, indicating the paleomagnetic latitude
of 6.6°+3.5°N (Yi Zhiyu et al., 2011, 2021; Zhao
Qian et al., 2021) .At the same time, according to
the gravel studies, Ar-Ar chronology and petrogra-
phy of the “Dianzhong Formation” in Linzhou Basin

Fig . 2 Timing of the India Asia initial collision (modified from Yi
Zhiyu et al ., 2021)

(data from 1 Yi Zhiyu et al 2021. 2 Yi Zhiyu et al ., 2011; 3 Martin et al .,
2020: KLA Kohistan. Ladakh arc)



of Lhasa terrae reveals the paleomagnetic
results (64 ~ 60 Ma) are the primary records,
indicating the paleo-latitude of 6.7°+4.4°N.
According to the comparison of the latest
paleomagnetic (primary remanence) data of
the Tethys Himalayan and Lhasa terrains,
the initial collision time of Indo-Asia is no
later than 62+2Ma , and the initial collision
location is within the equatorial humid zone
(6.7°+4.4°N) (Yi Zhiyu et al., 2021) (Fig.2)

In addition, according to the three com-
mon definitions of the initial continental
collision time: (D The initial time of collision
is the “collisional basin” where the oceanic
crust disappears and the subducted con-
tinental crust enters the overlying active
continental margin trench; 2 Take the time
of ocean disappearance between the two

continents as the initial collision time; @
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The time of intense tectonic deformation
between continents is taken as the initial
collision time, and only O represents the
actual initial collision time. Recent studies
on the co-collision basin provide new ev-
idence for the Indo-Asian initial collision.
The upper part of the Sandulin Section
(Sandulin Formation) in the Saga area of
Tibet has been found to be the product
of the initial collision event of the trench
basin in the co-collision period. The ini-
tial collision was precisely limited to 59+1
Ma (Hu Xiumian et al., 2015) (Fig.3). It
should be noted that the evidence for the
new initial collision date is mainly from the
mid-section of the Gangdise-Himalayan
arc. In particular, the East-west tectonic
junction has not yet found the evidence of
the initial collision event in the trench basin
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Fig .3 Geological map and cross section of syn-collisional oceanic trench basin of the Saga area,South Tibet (after Hu
Xiumian et al ., 2015)

Initial collision at 59 +1 Ma evidenced by provenance transition between Indian and Asian sources in the Sangdanlin sequences
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of the typical collision period, that is, the
evidence of the initial collision event. Only
the end time of the last sea basin and the
formation time of the ultra-high pressure
metamorphic belt cannot determine the
time limit of the initial collision.

3.Paleo-tethys orogeny in the Tibetan

Plateau

Tethys was a huge ocean located be-
tween the northern and southern Gondwana
supercontinents during the Phanerozoic eon.
It underwent a series of oceanic subduction,
terrane collision and accretion-collision orog-
eny, and finally closed in Cenozoic, resulting
in the present nearly east-west spread of
the giant Tethys orogenic belt. Tracing the
evolutionary history of the Tethys Ocean is

an important basis for reconstructing the for-
mation process of the Qinghai-Tibet Plateau.
Sengor (1979) emphasized that the Paleo
Tethys Ocean developed between the Lloyd
supercontinent and Gondwana superconti-
nent in the Late Paleozoic, and expanded
north of Gondwana to form the New Tethys
Ocean due to the subdivision and shrinkage
of the ocean in the early Mesozoic. Sengér
(1979,1987,1989) argued that there were
two oceans (the Ancient Tethys and the Neo-
Tethys) between the northern and south-
ern continents and a Cimmerian continent
sandwiched-between them, The Chimuri
continent consists of the Iran-Turkey-North
Pamir-Songpanganzi and Indochinese ter-
ranes between the Balkan and Malaysian
peninsulas. It is a continental patchwork that
split from the Gondwana supercontinent in
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Fig.4 First.order palaeogeographical/palaeotectonic elements taking part in the architecture of the Tethysides,and their
place in the present structure of our planet (modified after Sengor et al.,1987)

1-Laurasiancontinent;2-Gandwana continent;3-Cimmerian continent:4-exotic area:5-Paleo-Tethyan suturei 6-Neo Tethyan suture
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Fig.5 Distribution of principal continental terranes and sutures of East and Southeast Asia (modified after Metclfe,2013)

WB-West Buma terrane:SWB-Southwest Borneo terrane:S-Semitau terrane;L.-Lhasa terrane;NQT-North Qiargtang terrane:QT-
Sourth Qiangtang terrane:QS-Qamd.Smao terrane Sl-Simao terranei SG-Songpan Ganzi accretionary complexi QD-Qaidam
terrane;AL-Ala Shan terrane;KT-Kurosegawa terrane;L. T-Lincang arc terrane:CT-Chanthaburi arc terrane;

EM-East Malaya:Ql-Qilian terrane

the Triassic and collided with the Laurian
continent in the north during the Late Tri-
ans-Middle Jurassic to form the Chimuri oro-
genic belt composed of the super orogenic
complex (Sengdr, 1979, 1987; Boulin, 1981;
Audley—Charles, 1984; Golonka, 2006; Li
Haibin et al., 2009) (Fig.4).

However, according to the distribution of
cold water and warm water fauna, more and
more researchers have taken the Longmus-
cuo-Shuanghu-Changning-Menglian rift zone
in the middle of the Qinghai-Tibet Plateau as
the boundary between the cold water fauna
and the warm water fauna of the Chinese
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land mass, and disintegrated the original
Chimaurian continent into north and south
parts. On the south side is the Chimauri con-
tinent composed of the Western Chimauri,
South Qiangtang and Sibumasu terrane col-
lage, while on the north side is the southern
part of the Cathaysian landmass formed by
the North Qiangtang, Songpan Ganzi and
Simao-Indosinian terrane collage (Fig5)
(Metcalfe, 2006, 2013; Xu Zhiqin et al.,2012;
Wang Qing et al.,2021).

French scholar Fromaget (1927,1952) once
put forward the concept of Indosinian orogeny
when studying the geology of Vietnam, and
called the Late Permian-Middle Triassic orog-
eny as the Indosinian movement. Later, many
scholars emphasized the importance of the
Vietnam-Western Yunnan Indosinian move-
ment in the tectonic evolution of Mainland
China (Meng, 1937; Huang, 1945; Ren, 1984).
New progress has been made in the study of
Paleotethys in Southeast Asia in the last 20
years. In particular, the opening and closing of
the ancient Tethys Ocean basin and its colli-
sional orogenic processes reflected in the east
and west suture zones of the Southeast Asian
landmasses have gained new insights (Sone
et al., 2008; Metcalfe, 2013; Wang Yujun et al.,
2018; Tran et al., 2020).

The suture zone on the east side of the
Southeast Asian landmass, namely the Jin-
shajiang-Ailaoshan-Songma suture zone, is
the boundary between the Simao-Indosinian
terrestrie and the South China landmass, re-
flecting the closure of the branch ocean ba-
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sin (or back-arc basin) of the ancient Tethys.
the collision time of the two landmasses is
about 247 Ma. The co-collision and post-col-
lision orogenic events are limited to 247
~ 237 Ma and 237 ~ 200 Ma respectively
(Wang Yujun et al., 2018).

The western suture zone is the Chang-
ning-Menglian suture zone, which is the
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Fig.6 Tectoric backgrourd (a) and major continental
blocks urits (b)of Southeast Asia (modified after Wang
Yuejun et al.,2018)

1-LongmuCo-Shuanghu suture:2-Changring-Mengliang
suturei-Inthanon suture:-Jinghong-Nan-Sa Kaeo suturei®-
Bentong-Raub suture zone;@-Song Ma suture; (@)-Jinshajiang.
Ailaoshan suture;—Luang Prabang.Loei suturei-Bangong-
Nujiang suture:=T ruong Son suture:NQT-North Qiangtang
terranei SQT-South Qiangtang terrane;L.S-LLhasa terrane;SB-
Sibumasuterranei SG-Songpan-Ganziterrane:SCB-South
China block;IDC-Indochina block;SWB-Southwest Borneo
terrane:1-main Paleo.Tethyan suture;2-main Paleo. Tethyan
arc:3-other Paleo.Tethyan suture:4-Cenozoic active fault;5-high
latitude cold climate Gondwena typefaunasdflrs6ltitude wamm
cimate Cathaysian type faunas and floras



closed boundary of the ancient Tethys
main ocean basin between the Yun-
nan-Thai block and the Simao-Indos-
inian terrane. The collision of these
two bodies occurred at about 237 Ma,
and the orogenic events of co-collision
and post-collision occurred at 237 ~
230 Ma and 230 ~ 200 Ma, respective-
ly (Fig.6) (Wang Yujun et al., 2018).
Therefore, the Kumurian orogeny not
only involved the Kumurian landmass
and the Indosinian terrane, but also
overlaid the early Indosinian orogenic
belt between the Indosinian terrane
and the South China landmass. So
Tranetal. (2020) proposed that the
IndoChinese movement proposed
by Fromaget (1952) on the basis of
geological phenomena in Vietham
was not suitable for the post-collision
orogenic event of late Triassic to Ju-
rassic between Yunnan-Burman-Thai
and Simao-Indochinese terrane. It
is suggested that the Indochinese
movement of Late Permian-Middle
Late Triassic should be renamed
"Trans-Meigongheorogen" according
to the region.

The above results show that the
time limit of collision orogeny be-
tween Yunnan-Burmese terrane and
Cathaysian landmass in Southeast
Asia coincides with the time of the
event, while the orogeny between
Indosinian terrane and Cathaysian
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landmass in Southeast Asia started from the In-
dosinian movement and ended at the same time
as the event. Therefore, the author believes that
the Chimaurian orogenic events reflected be-
tween the Southeast Asia Chimaurian continent
and the Indosinian and South China landmasses
are extensive and powerful. However, it is worth
discussing whether there are regional and tempo-
ral differences in the Indosinian orogeny in South-
east Asia, which represents the ancient Tethys
orogeny, what relationship it has with the Chimau-
rian orogeny event, and whether it represents the
precursor of the Chimaurian orogeny also needs
to be further identified. As part of the Cathaysia
continent, the Songpan-Ganzi terrane is bounded
by the East Kunlun Qaidam terrane in the north,
the South China landmass in the southeast, and
the North Qiangtang terrane in the south. It is

Fig.7 The paleo-geographical location of the Songpan-
Ganziterrane in the Late Triassic according to Metcalfe,2006)

NC-North China block:SC-South China block; I-Indosintianblock:EM-
East Malay terrane:WS-West sumatra terrane;S-Dunyan Burma
Thai terrane:SG-Songpan-Ganzi terrane:WB-West Burma
terrane:QlQiangtang terrane:L.-Lhasa terrane:

WC-West Cimmerian continent
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a triangular-accretive complex termites
defined by the East Kunlun - Anemaking
suture zone in the north and the Jinshaji-
ang Paleotethyan suture zone in the south,
and composed of the Triassic super-thick
(5 ~ 15km) deep-sea turbidite (Xu Zhiqin
et al., 1992). Predecessors have proposed
different models for the tectonic properties
of Songpan-Ganzi deep-sea basin, such
as back-arc basin (Klimetz, 1983; Sengdr,
1987; Watson et al., 1987; Gu Xuexiang,
1994) foreland deep sea/residual ocean ba-
sin (Nie Shangyou et al., 1994; Zhou Da et
al., 1996; Weislogel et al., 2006) interconti-
nental rifted valley basin (McElhinny et al.,
1981; Chang Edmend, 2000; Meng Qingren
et al., 2000) etc.

Many scholars have classified the Song-
pan-Ganzi terrane into the Indosinian oro-
genic belt (Ren Jishun, 1984; Xu Zhiqgin et
al., 1992, 2012; Harrowfield et al., 2005).
Based on the closure of the Middle to Late
Triassic PaleoTethys Ocean basin, the Song-
pan-Ganzi Late Triassic accretive orogenic
wedge is characterized by strong crustal
shortening and thickening, massive granite
empositioning of 228 ~ 180 Ma, accompa-
nied by supernormal enrichment of lithium
metal elements (Zhang Hongfei et al., 2006,
2007; Yuan Chao et al., 2010; Xu Zhiqin et
al., 2020). Different from the hard collision
orogeny between other rigid terranes (or
landmasses), the "soft collision" orogeny be-
tween the Songpan-Ganzi terranes and the
surrounding rigid landmasses (Fig.7), which
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is composed of Triassic strata, occurred in
the late Triassic to Early Middle Jurassic, lat-
er than the Indosinian Movement, and simi-
lar to the period of the Kumurian orogeny.
Studies show that the East Kunlun -
Anemaquin suture zone is connected with
the Mianluo suture zone of Qinling terrane
to the east (Li Chunyu et al., 1978, 1982;
Zhang Guowei et al., 1995), and the NE-SW
trending "Ningshaan-Xianghe" left strike-
slip shear zone is connected with the sub-
duction front of the East Qinling-Dabie-Sulu
terrane ultra-high pressure metamorphic
zone (Xu Zhiqin et al., 2015a). The time of
UHP metamorphism in Dabie-Sulu orogenic
belt is 240 ~ 225 Ma, and the return time
of UHP metamorphic rocks from high pres-
sure eclogite facies to amphibolite facies is
225 ~ 200 Ma (Edie et al., 1994; Ayers et
al., 2022; Li Shuguang et al., 1993, 2003;
Liu Fulai et al., 2011; Xu Zhiqin et al., 2006;
Liu Fulai and Liou, 2011; Zheng Yondgfei,
2008). Therefore, the continental collision
time of the South China and North China
landmasses should be earlier than 240 Ma.
The initial time limit of the collision orogeny
is similar to that of the Indosinian move-
ment, and the end time is similar to that of
the Kimurian orogeny. Hence, some authors
have speculated that the northern Paleo-
Tethian ocean basin (i.e., the East Kunlun
- Anemaking-Mianlui-Qinling/Dabie/Sulu su-
ture zone) had a shear type of ocean basin
closure form, which resulted in the collision
orogeny of the whole central orogenic belt
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Fig.8 Himalayan structural (section from Carosi etal.,2010 )

STDS-South Tibet Detachment systemi MCT-Main Central Thrust;MBT-Main Boundary Thrust;MFT-Main Frontal Thrust;TSZ-

Tajem thrust shear zone MHT-main Himayan thrust

with the characteristics of early east and
late west.

Because the Cenozoic orogeny was es-
tablished on the ruins of the ancient Tethys
orogenic movement, it is very difficult to
reconstruct the complete and independent
orogenic system of the ancient Tethys.
The Qinghai-Tibet Plateau is composed of
Eo-Tethys, Paleo-Tethys and Neo-Tethys.
It is very important to re-examine the Pa-
leo-Tethys orogeny, especially considering
the regional and temporal differences of
orogenesis to understand the formation and
evolution of the Qinghai-Tibet Plateau. Just
as the "Caledonian" and "Warisee" orogen-
ic processes in Europe do not apply to the
orogenic belt in mainland China, the impact
of the Indosinian and Cymorian orogenic
processes in mainland China needs to be
examined by global comparisons.

4.Mechanism of crustal shortening in

the Paleogene Himalayan orogenic
belt

The Himalayan orogenic belt runs from
north to south from Tethys Himalaya(THS),
High Himalaya (GHS), Low Himalaya (LHS)
and sub-Himalaya (SHS) are composed of
four tectonic units, and the boundaries be-
tween each unit are successively the South
Tibet Detachment System (STD), the main
central thrust fault (MCT), the main bound-
ary thrust fault (MBT) and the main forward
thrust fault (MFT) (Fig.8). Vanney et al.
(1996) systematically studied the tectonic
deformation, petrology, metamorphism and
chronology of the high Himalaya in the Kali
Gandaki section, central Nepal, and divid-
ed the evolution of the Himalayan orogenic
belt into three stages: In the early to middle
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Eocene, the Tethian Himalayan sedimenta-
ry rocks developed a southern folding and
thrust belt, which underwent low grade meta-
morphism. This thin-skin structure may have
been controlled by the thrust nappe of the
main detachment fault in the Paleozoic stra-
ta of Tethian Himalayas. Beginning the Hi-
malayan period (Eohimalayan episode) high
Himalayan buried subduction to tethys under
the Himalayas, in middle Eocene to Oligo-
cene kyanite phase into the characteristics
of metamorphism and embedded depth of
more than 35 km; New Himalayan period
(Neohimalayanepisode) high Himalayan in
the main central thrust fault and southern
Tibet detachment system under the control
of rapid exhumation, in Oligocene, Miocene
annealing characteristics of metamorphism
and new Himalayan peak metamorphism in
23 ~ 21 Ma.

The Himalayan Paleogene deformation
records are often strongly superimposed or
erased by metamorphism and deformation
since the Miocene. According to the opposite
kinematic direction and contemporanial tec-
tonic activity of the main central thrust fault
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and the southern Tibet detachment system
at 24 ~ 16 Ma, different high Himalayan ex-
trusion models have been proposed, includ-
ing: Wedge-shaped extrusion (Burchfiel and
Royden, 1985), crustal tunnel flow (Nelson
et al., 1996; Chemenda et al., 2000; Beau-
montetal., 2001), Tectonic wedge (Yin, 2006;
Webb et al., 2007) and dual structuring (He
et al., 2016), etc.

The 40Ar / 39Ar age of illite or light gran-
ite growing along the bedding of Tethys Hi-
malaya fold and thrust belt shows that the
formation age of Tethys Himalaya fold and
thrust belt is 56 ~ 45 Ma (Ratschbacher et
al., 1994; Wiesmayer et al., 2002). There-
fore, as the boundary between the Miocene
Tethys Himalaya and the High Himalaya,
the Eocene crustal shortening of the upper
Tethys Himalaya cannot be explained in
terms of time, kinematics and driving force.
The above structural model based on the
high Himalayan reentry in Miocene cannot
be applied to the crustal shortening and
deep melting in Eohimalaya.

Recent studies in the eastern Himalayan
orogenic belt show that the crustal short-

Fig.9 Structural profile in the eastem Himalayan orogen

GHS-Greater Himalaya Sequence; THD-Tethyan Himalayan decollemenent;STD-South Tibet Detachment:ITSZ-Indus-Yarlung
suturezone;GCT-Great Counter Thrust;THS-Tethys Himalayan Sequence
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ening during the Eo-Himalayan
period was influenced by the slip
fault at the bottom of the Tethys
Himalaya (Tethys Himalaya slip
zone, Tethyan) Himalayan Décol-
lement, THD) (Fig.9). The Tethys
Himalayan detachment zone is
about 4km thick and developed
in the Early Paleozoic meta-
morphic strata. It was formed
between 50 and 17 Ma with ad-
vanced metamorphism and par-
tial melting. It has a southward
shear direction of the host-wall
and controls crustal shortening
and thickening in the Tethys Hi-
malayan unit. On the top of the
Tethys Himalayan detachment
zone, the south-Tibet detachment
system with the northward shear
of the hanging wall is superim-
posed, indicating that the Tethys
Himalayan detachment zone is
the predecessor of the south-Ti-
bet detachment fault and the
tectonic boundary of the Tethys
Himalaya and the High Himalaya
during the Eocene-Oligocene.
This is a new interpretation of the
early tectonic framework of the
Himalayan orogenic belt and has
important significance for under-
standing the tectonic deformation
of the plate boundary in the early
Indo-Asian collision. The west-
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ward extension of the Tethys Himalayan detachment
zone is a problem worthy of further study, which will
help us to understand the structural differences along
the strike of the Himalayan orogenic belt .

5.The genesis of the high Himalayan deep

melting

As a product of deep crustal melting, pale granite
is widely found in the upper Himalaya (Dietrich and
Gansser, 1981; Le Fort et al., 1987; Burchfiel et al.,
1992; Guillot et al., 1994; Hodges et al., 2000; Wu et
al., 2015) and at the bottom of Tethys Himalaya (Xu
Zhiqin et al., submitted). It was long believed that Hi-
malayan pale granites were mainly formed from 23 ~
22 Ma to 13 ~ 12 Ma, with the youngest outbursts (less
than 4 Ma) occurring in the east and west tectonic junc-
tion. However, the discovery of pale granite earlier than
40 Ma in the nearly east-west spreading northern Hima-
layan gneiss dome in the Tethys Himalayan system has
attracted much attention (Zeng Lingsen et al., 2011; Wu
et al., 2015) .

How did the High Himalayan pale granites form? Le

S-SW N-NE

Fig.10 Classic view of anatexis triggered by the overthrust(Main
Central Thrust,MCT)of the Greater Himalaya Sequence(GHS)and
fluids released through metamorphism of the colder Lesser Himalaya
Sequencee (after Le Fort et al.,1987)
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Fort et al (1987) proposed a Flatiron model
in 1987, which suggested that the thrust of
the main central thrust fault at the bottom
of the high Himalaya unit caused metamor-
phism in the lower cold lower Himalaya unit,
releasing fluids and resulting in partial melt-
ing of the High Himalaya unit (Fig. 10). How-
ever, this model cannot explain why the pale
granite is mainly produced in the upper part
of the high Himalayan unit, nor can it explain
the formation of the early pale granite.

Most studies believe that the Himalayan
pale granite was formed by deep melting of
metamorphic argillaceous rocks in the high
Himalayan crystalline rock series (Le Fort et
al., 1987; Guillot et al., 1995; Harris et al.,
1995; Patifio-Douce et al., 1998; Aoya et
al., 2005; Guo Zhengfu et al., 2012; Zeng
Lingsen et al., 2012; Weinberg, 2016). A
series of factor models of pale granite have
been proposed. For example, high Sr/Y pale
granite was formed by partial melting of Hi-
malayan and thick lower crust (Zeng Lingsen
et al., 2011) formation was completed along
the high differentiation of parent magma of
the detachment system in southern Tibet (Wu
Fuyuan 2015), formation of asthenosphere
mantle upwelling and contribution of partial
melting of metamorphic rocks (Hou Zengg-
ian et al., 2012).

Three different mechanisms of partial
melting of the Earth's crust have been pro-
posed: progressive metamorphism and heat-
ing melting during pressurization (Visona et
al., 2002; Groppo et al., 2013),Pressure drop
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melting in the return passageways (Harris
et al., 1994; Patifio-Douce et al., 1998; Guo
Zhengfu et al., 2012), as well as water injec-
tion melting (Knesel et al., 2002; Weinberg,
2016; Gao Li'e et al., 2017).

In addition to different melting mechanism,
different protolith types, partial melting de-
gree and melt mixing will lead to the change
of chemical composition of Himalayan pale
granite. The results show that the argilla-
ceous, felsic and basic rocks of the Eastern
Himalayan tectonic junction have undergone
partial melting to varying degrees. According
to geochemical composition, Himalayan pale
granites with different initial isotope ratios
of 87Sr / 86Sr originate from two different
protoliths: Two-mica pale granites originate
from metamorphic heteros and stone (87Sr /
86Sr) i < 0.752 and ¢Nd < 15), and tourma-
line pale granites originate from metamor-
phic argillite (87Sr / 86Sr) i > 0.752 and eNd
> 15) (Guillot et al., 1995), and the Eocene
high Sr/Y granites may be the product of par-
tial melting of amphibolites in the thickened
lower crust of the Himalayan orogenic belt
(Zeng Lingsen et al., 2011; Hou Zenggian et
al., 2012). Beyond this, Gou Zhengbin et al.
(2016) claims that tourmaline-muscovite pale
granite is formed by dehydration and melting
of Muscovite, while Muscovite pale granite
is the product of dehydration and melting of
biotite during the metamorphic process of
argillaceous and felsic granulite in the high
Himalayan crystalline rock series. From the
Late Oligocene to the Miocene, partial melt-
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Fig.11 P.T paths of high temperature metamorphism,anataxis and melt
crystallization of the Himalayan orogen(after Zhang Zeming et al.,2010)

ing occurred in the high Himalayan argillaceous rocks,
heterogeneous sandstones and granitic gneisses. Due
to the change of lithology dominated by the deep melt-
ing source area, the geochemical characteristics of the
high Himalayan pale granites changed with time (Ji Min
et al., 2021).

Studies on the relationship between metamorphism
and partial melting show that the progressive metamor-
phism occurred at about 45 ~ 23 Ma under medium and
high pressure granulite facies strips (Searle et al., 1992;
Ding Lin et al., 1999; Hodges et al., 2006; Zhang Zeming
et al., 2010). whereas demetamorphism occurred at 23
~ 14 Ma under amphibolite facies (Searle et al., 1992;
Walker et al., 1999; Hodges, 2000). Zhang Zeming et al.
(2010) suggests that in the early stages of the Eo-Hima-
layan progressive metamorphism and Neo-Himalayan
retro-metamorphism, the high Himalayan crystalline rock
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series experienced long-term
and continuous high-temperature
metamorphism and dehydration
melting (including the dehydra-
tion melting of Muscovite and
biotite in argillaceous granulites
and the dehydration melting of
amphibole in basic granulites).
The complex S+I| granite was
formed by melt mixing, magmatic
mixing and separation crystalli-
zation. Therefore, the high Hima-
layan deep melting is likely the
result of long-term continental
subduction, crustal thickening,
continuous high-temperature
metamorphism, and dehydrating
melting (Fig.11).

6.Difference in Time limit

and uplift of the Qinghai-
Tibet Plateau

Due to the Cenozoic conti-
nental collision between India
and Asia, the Qinghai-Tibet Pla-
teau with an average elevation
of nearly 5,000 m was formed,
and the Himalayan mountain
chain known as the "roof of the
world" was created. The analysis
of the uplifting and stripping his-
tory of the Tibetan Plateau is of
great significance to reveal the
kinematic process and dynam-
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ic mechanism of the collision orogeny. At
the same time, the uplifting and exfoliating
process of the plateau has had a profound
impact on global and regional climate, Ma-
rine chemistry and biological evolution (Bur-
bank et al., 1993; An Zhisheng et al., 2001;
Tapponnier et al., 2001; Molnar et al., 2010;
Spicer, 2017; Deng Tao et al., 2019).For a
long time, predecessors have carried out
a lot of research on the uplift process and
dynamic mechanism of the Qinghai-Tibet
Plateau, and there are many controversies.
Early stages of research are based on pale-
ontological fossils (Gao,Shi, Li, 1964, 1979),
potassic volcanite activity at different times
(Turner et al., 1993), fault activity (Harris et
al., 1995) and beyond, culminating in dis-

covering that the uplift time of the faulted
Tibetan Plateau was 13 ~ 3 Ma. Afterwards,
Chung Sun-LinHarris et al., 1995.(1998b)
suggested that the uplift of the Qinghai-Ti-
bet Plateau is different from that of the east
(about 40 Ma) to that of the west (about
20 Ma).Tapponnier et al. (2001) proposed
that after the initial India-Asia collision, the
Qinghai-Tibet Plateau gradually grew from
south to north; Later, the results of oxygen
isotope paleo elevation study provide evi-
dence for this model (Rowley et al., 2006).
Wang Chengshan et al.(2008), aaccording
to the sedimentary records and the low tem-
perature thermochronology data,argued it
is proposed that the plateau is formed from
the central part of the outward expansion,
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Fig. 12 Uplift history of different terranes in the Tibetan Plateau (from Ding Lin, 2021 )
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which has been recognized by many schol-
ars (Rohrmann et al., 2012; Li Yalin et al.,
2015; Li Guangwei et al., 2016). However, in
recent years, ancient fish and other animal
and plant fossils have been found in Nyima
and Lumpola basins in the Bangong-Nujiang
suture zone in the central Tibetan Plateau
(Wu Feixiang et al., 2017; Deng Tao et al.,
2019), iindicating that the central Tibetan Pla-
teau remained at a relatively low altitude (at
least < 2500 m) until about 26 Ma. Ding Lin et
al.(2014) and Fang Xiaomin et al.(2020) pro-
posed that the central Tibetan Plateau in the
Eocene-Oligocene period presented a form
of "two mountains sandwiched by a valley."
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Based on isotopes and plant fossils, Ding Lin
has summarized the uplifting evolution history
of the Tibetan Plateau and showed the uplift
difference of various plateau areas (Fig.12).
To sum up, the current debates on the
uplift process of the Qinghai-Tibet Plateau
mainly focus on the following questions:
@ Is the uplift of the Qinghai-Tibet Plateau
uniform or differential, and what is the spe-

cific uplift process of each block? 2 Was
the Tibetan Plateau formed by the middle
spreading north and south? Are there early
(Cretaceous) plateaus in Ganzi and Kunlun?
(3 Did the Himalayan uplift occur gradually in
the Miocene or in the late Pliocene? The dif-
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Fig 13 Distributionof basins for estimating paleo elevation in Tibetan Plateau and related methods (data from Li Lin et
al.,2019:Chen Chichao et al., 2020 and references therein)

MFT-Main Frontal thrust;ANKSZ-Anemagen.Kunlun suture zone;JSZ-Jinsha suture zone;BNSZ-Bangong-Nujiang suture
zone:lYSZ Indus-Yarlung suture zone;Data from Li Lin etal.(2019),Chen Chichao et al.(2020)and reference therein:1-sutrue
zone 2-active fault:3- & "°C of fossil teeth:4- & D of plant wax n.alkanes:5-pdllen assemblages 6-dumped isotope of carbonates;
7-mammatlian fossils:8—foliar physiogromy of fossil leaves:9- & O of carbonates fossil teeth:10- & D of hydrothemmally altered
hydrous minerals
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ferences in the study area and the estimation
methods of ancient elevation are the main rea-
sons for the above-mentioned controversies.
In the early stage, many scholars used tectonic
or magmatic indicators to study the plateau up-
lift, but with the deepening of the research, due
to the multiple solutions of the respective caus-
es, its reliability remains to be discussed. For
example, Harrison et al. (1995) Proposed that
the Qinghai-Tibet Plateau occurred at the E -
W extension at 9 ~ 7 Ma. At that time, the plateau
was considered to have risen to its maximum
height and become unstable due to gravity and
it began to collapse. However, the north-south
extrusion of India and Asia can also form an
east-west extension in the Himalayan region, so
it is insufficient to use the activity of extensional
fault as an index of plateau uplift. In the same
way, the potassic magmatism cannot be regard-
ed as the paleo-elevation of the plateau due to
its polysolvability is an indicator of dependence
(Turner et al., 1993; Chung Sunlin et al., 1998b;
Wang et al., 2009) Many scholars also utilized
the piedmont basin in research (Najaman et al.,
2010) in conjunction with submarine alluvial fan
to carry out the study of plateau uplift (McNeill
et al., 2017; Zhou Peng et al., 2020). Another
example is studies surrounding methodologies
in thermochronology of denudation rate (Thiede
et al., 2013) which directly reflects the rate of
rock temperature change. When applied to up-
lift, attention should also be paid to the limitation
of conversion docking conditions and other ob-
served data.

In recent years, many methods used to

82

define ancient elevation have been devel-
oped, such as: Paleo-environment analysis
(specific animal fossils or combinations, pa-
leo-plant fossil combinations, stable isotope
method), plant structure and morphology
analysis (leaf edge analysis, CLAMP meth-
od), quantitative isotope analysis (hydrogen
and oxygen isotopes, "cluster isotope” ther-
mometer method), closed stoma morphol-
ogy of volcanic lava, etc. However, due to
the limitations of various methods and dif-
ferences in sampling, there are often large
differences in the elevation of the plateau
estimated by different methods or different
regions (or even the same method for the
same region) (Fig.12 and 13) (Huntington et
al., 2015; Ding Lin et al., 2017b; Li Lin et al.,
2019; Chen Chichao et al., 2020; Spicer et
al., 2020). Therefore, in order to more accu-
rately characterize the uplift and denudation
process of the Qinghai-Tibet Plateau, it is
necessary to strengthen the detailed investi-
gation in multiple areas and the development
and improvement of new techniques and
methods, and strengthen the combination
and mutual verification of various methods
to distinguish the local effect and the overall
effect, so as to comprehensively explore the
uplift history of the Qinghai-Tibet Plateau
and provide a reliable basis for the discus-
sion of the dynamic mechanism of the uplift
of the Qinghai-Tibet Plateau.

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

lished in the upcoming volume)
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SINGLE-WELL CIRCULATION GROUND
SOURCE HEAT PUMP SYSTEM
PROJECT AT BEIJING HAIDIAN
FOREIGN LANGUAGE EXPERIMENTAL

SCHOOL, BEIJING NORTH CAMPUS
A Case Study by the National Energy Conservation Center

Author: Ma Xiaofang (Special Correspondent)

In the selection of “the Third Typical Case
of Key Energy-saving Technology Application”
organized by the National Energy Conserva-
tion Center, a subsidiary unit of the Nation-
al Development and Reform Commission,
Hengyouyuan Science and Technology De-
velopment Group Co., Ltd. applied for “Single
Well Circulating Ground Source Heat Pump
System Project of Beijing Haidian Foreign Lan-
guage Experimental School Jingbei Campus.”
After preliminary evaluation, on-site verification,
among other aspects of screening, selection
was finally successful. On the official website
of the National Energy Conservation Center,
it was announced nationwide that among the
16 key energy-saving technology application
typical cases finalized, Hengyouyuan “Bei-
jing Haidian Foreign Language Experimental
School Jingbei Campus Single-well circulating
Ground source heat pump System Project”
proved to be exemplary: it not only utilized cut-
ting-edge technology to achieve energy-saving,

Li Yanchao (Specialized Chief Engineer)

but also represents the future of energy saving
application development.

Beijing Haidian Foreign Language Exper-
imental School Jingbei Campus is located in
Zhangjiakou, 80 kilometers away from Beijing,
which also boasts the host city of the 2022
Winter Olympics. The new campus is a con-
tinuation from the 12-year-old international
school, Haidian Foreign Language Experi-
mental School. The new campus has been
deemed the Beijing 2022 Olympic Education
Demonstration School and the ice and snow
sports base of the State General Administration
of Sport to reserve talents for the Chinese Na-
tional Youth Team for the Olympic Games. The
campus covers an area of 660 acres, which
can accommodate more than 5000 students
and staff to live and study simultaneously. The
total planned construction area of the campus
is 300,000 square meters, and construction is
divided into three phases. Up to now, 10 build-
ings totaling 140,000 square meters in the first
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and second phases have been put into use,
and the third phase is under construction.

At present, Beijing Haidian Foreign Language
Experimental School Jingbei Campus has a
total of 10 buildings. In order to adapt to the
characteristics of large campus area, scattered
buildings, large difference in surface elevation,
different use time and frequency of each build-
ing, the system applies the constant active “single
well circulation heat exchange geothermal en-
ergy acquisition technology”. The Hengyouyuan
single-well shallow geothermal energy distrib-
uted cooling and heat source system, which
adopts centralized geothermal energy collection
and independent energy supply from distributed
cooling and heat source stations, has realized
the clean energy supply for all the heating, cool-
ing and domestic hot water of the project, saving
60% of energy compared with the traditional
cooling and heat source system.

Upholding the spirit of the Winter Olympics,
energy conservation and environmental
protection to build a good school suitable
for students to live and learn

Founded in 1999, Beijing Haidian Foreign
Language Experimental School has developed
into Haidian Foreign Language Education
Group after more than 20 years, with many
campuses at home and abroad.Beijing has es-
tablished “two schools, one park and multiple

LTS

sites”, “two schools” refers to Beijing Haidian
Foreign Language Experimental School and

Beijing Haidian International School, “One Park”
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refers to the affiliated kindergarten of Beijing
Haidian Foreign Language Experimental School
(Haidian/Jingbei/Chaoyang Park), and “multiple
sites” refers to the two campuses of Haidian
and Jingbei: The Haidian campus is located in
the Haidian District of Beijing, while the Jingbei
Campus is located in the Ecological New Area
in the north of the capital, located in Huailai and
Yanqing of Hebei Province, which are also very
close to the Winter Olympics venues.

The first phase of Jingbei Campus of Haid-
ian Foreign Language School is located in
Yuanxiang, Beixinbao Town, Huailai County,
Zhangjiakou City. There are 6 buildings in the
campus, including 1 primary school, 2 middle
school, 3 overseas theater, 4 comprehensive
sports center, 5 snow and ice center, ski hall,
etc. The total heating and cold construction
area is 59,292.93 m .Since September 2019,
it has been put into use. The building de-
sign of Jingbei Campus is very humanized.
Students’ dormitories, classrooms, canteen,
indoor basketball court, swimming pool and
other places are interlinked with each other,
which can well avoid the situation that chil-
dren sweat in different temperature differences
between indoor and outdoor after sports. Not
only that, the school also for each dormitory
is equipped with central air conditioning and
fresh air system, warm in winter and cool in
summer. Jingbei Campus is equipped with all
kinds of facilities, including the zoo, swimming
pool and large indoor sports venues, as well
as the ice and snow sports center, ski prac-
tice, tennis, badminton, fencing, large theater



and other venues. In addition to the architec-
tural design, there is another essential factor
to ensure the indoor environment of Jingbei
campus constant throughout the seasons:
constant active single well circulation heat
exchange ground energy acquisition technol-
ogy. As early as 2000, the constant source
energy heat pump environmental system with
the core of “single well circulation heat ex-
change geothermal energy acquisition tech-
nology” has become the heating and cooling
system of Beijing Haidian Foreign Language
Experimental School, and has achieved
good results. The school is located in Huailai
County, Zhangjiakou City, with fresh air and
superior natural environment, but the heating
period is long and the temperature is low in
winter. In order to ensure the normal heating
of the project, reduce the carbon emissions
of the heating system, and achieve clean and
green heating, the project continues to use
the Hengyouyuan energy heat pump environ-
mental system as the project heating system,
so as to realize the low carbon and low-cost
heating cold operation of the project. To con-
tribute to the green development of the Winter
Olympic City.

Employing on-demand shallow geothermal
energy to provide 24-hour hot water for
heating in winter and cooling in summer

The main campus of Haidian Foreign Lan-
guage School has been using Hengyouyuan
shallow geothermal energy technology for
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nearly 20 years. The data and application
process make teachers and students fully feel
the huge advantages brought by Hengyouyu-
an single well circulation heat exchange geo-
thermal energy collection technology: heating
in winter and cooling in summer, low carbon
and environmental protection, 24 hours of hot
water. As a leading enterprise in the shallow
geothermal energy industry, Hengyouyuan
Group adheres to the concept of “Everything
for the children” when building Beijing Haidian
Foreign Language Jingbei Campus, focusing
on the joint efforts of the company, using the
shallow geothermal energy to escort children
in every spring, summer, autumn and winter.
The first phase of Beijing Haidian Foreign
Language Jingbei Campus Project includes
primary school, middle school, overseas the-
ater, comprehensive sports center, ski hall
and comprehensive sports center. The sec-
ond phase includes international Department
of junior high School, International Depart-
ment of senior high school, kindergarten and
logistics office building with a total of about
140,000 square meters. The third phase is
under construction. The buildings of the proj-
ect span more than 1000 meters from east
to west, more than 800 meters from north
to south, and the elevation difference of the
terrain is more than 60 meters. The location
of the collection Wells around the buildings is
tight.The scheme adopts the constant active
distributed shallow geothermal energy cooling
and heat source system as the project’s cool-
ing and heat source scheme.The constant
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active distributed shallow geothermal energy
cooling and heat source system consists of a
single well circulating heat exchange geother-
mal energy collection well, a shallow geother-
mal energy centralized heat exchange station,
a distributed cold and heat source station and
a building heating cold end.

The project uses multiple sets of sin-
gle-well circulating geothermal energy col-
lection Wells to collect shallow geothermal
energy. The primary collection pipe network is
used to transport shallow geothermal energy
to the shallow geothermal energy central heat
exchange station, and the secondary heat ex-
change pipe network distributes the shallow
geothermal energy to the distributed cold and
heat source station. The distributed cold and
heat source station is equipped with three
times of energy enhancement pipe network
to reach the temperature grade of heating
and cooling demand. It is transported to the
heating and cooling terminal system in the
building by four pipe networks to complete the
heating and cooling process.

According to the requirements of the
phased construction of the project, a set of
constant active distributed shallow geothermal
energy cooling and heat source system is set
in the first phase and the second phase of the
project, among which 22 sets of geothermal
energy collection Wells, 1 centralized heat ex-
change station, and 4 distributed cooling and
heat source stations are set in the first phase.
In the second phase, 28 sets of geothermal
energy collection Wells, 1 centralized heat ex-
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change station and 3 distributed cooling and
heat source stations are set.

Advantages of constant active distributed
shallow geothermal energy cooling and heat
source system applied to the project:

1.Centralized collection of shallow
geothermal energy to achieve on-demand
energy supply

The energy consumption and frequency of
the project buildings are different. The method
of centralized collection of shallow geothermal
energy is adopted, and the circulation flow is
adjusted by setting the temperature of the circu-
lating water back water in the collection well, so
as to realize on-demand energy collection, how
much is used, how much is taken, how much
is taken, and how much is taken, so as to save
the power consumption of the collection pump.

2.Secondary network closed cycle
transmission of shallow geothermal
energy; reduction in transmission energy
consumption

The distribution height difference of the
project buildings is up to 60 meters. If the con-
ventional constant source energy heat pump
environment system is adopted, the circulat-
ing water from the collection well needs to
be directly transported to each hot and cold
source station. Each collection pump needs
to overcome the 60m hydrostatic pressure dif-
ference caused by the elevation difference of
the terrain, and the total electric power of the
collection pump needs to be 1250kw.After the
scheme adopts the centralized heat exchange
station, the circulating water of each collection



well only needs to be transported to the cen-
tralized heat exchange station, and the cen-
tralized heat exchange station is set near the
ground energy collection well, which greatly
reduces the collection well needs to overcome
the hydrostatic pressure difference, and the
total electric power of the collection pump only
needs to be 750kw.Due to the centralized heat
exchange station, it is necessary to increase
the secondary pipe network to transport the
circulating pump. The total power of the cir-
culating pump is 200kw. After deducting the
increased power of the circulating pump con-
veyed by the secondary pipe network, the total
electric power of the acquisition system is also
reduced by 24% compared with the conven-
tional system. At the same time, the secondary
pipe network transmission circulating pump
adopts frequency conversion control, which
can further reduce the energy consumption
during operation.

3. Secondary pipe network transmits
low temperature geothermal energy to
reduce heat loss

When the conventional constant source ener-
gy heat pump environment system is used, the
water supply temperature of the circulating water
of the ground energy collection well is 15°C. After
the central heat exchange station is set, the sec-
ondary water supply temperature of the central
heat exchange station transported to each cold
and hot source station is reduced to 13°C. Ac-
cording to the calculation of the soil temperature
of the buried depth of the pipeline in winter is
0°C, the heat loss can be reduced by 13%.

PROJECT SHOWCASE

4. Distributed heat and cold source
stations are set according to demand,
which is highly suitable for cooling and
heating demands of buildings

According to the cold and heat load of each
building, the installed capacity of the heat pump
unit in the distributed cold and heat source
station is reasonably set, and the operation of
part of the load is considered. The installation
of multiple units and multiple heads of each unit
can realize the high fit of the building energy
supply and the building demand, avoid the situ-
ation of the big horse and car at the same time,
further reduce the energy consumption of the
current system operation.

Remarkable results have been achieved
in saving electricity every year

Energy saving and environmental protec-
tion are the great advantages of Hengyouyu-
an single well cycle heat exchange ground
energy acquisition technology. The data of
Beijing Haidian Foreign Language Experimen-
tal School since its operation in Beijing North
Campus just shows this point. The total energy
consumption of the project in the 2021-2022
heating season is 2,593,300 kWh of electricity,
equivalent to 318 tons of standard coal. Com-
pared with electric boiler heating, it can save
about 800 tons of standard coal, reduce CO2
emission by 1,976 tons, SO2 emission by 16
tons, and dust emission by 8 tons.

The total electricity consumption of annual
summer cooling is 508,900 KWH, which saves
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about 171,100 KWH of electricity compared
with the traditional central air conditioning sys-
tem. Because no cooling tower is used, there is
no evaporation loss of water, saving 396 tons
of water every year.

Operation analysis and calculation shows
the average power consumption of the project
is 38.2kW-h/ m for heating and hot water in
winter (including domestic hot water for 1400
people), 8.6kW -h/ i in summer (free hot water
and auxiliary cooling for waste heat recovery in
summer), and the total power consumption for
heating, cooling and domestic hot water supply
is 46.8kW-h/ ni in the whole year. According to
the residential electricity price 0.52 yuan/kW-h
calculation, the annual operating cost is 24.4
yuan/ m (146 days of heating, 200 days of hot
water, 365 days of pool heating, 90 days of
cooling).

The project utilizes the single-well circulating
heat exchange geothermal energy collection
technology to collect the low temperature heat
energy below 25°C contained in the soil, sand
and groundwater within 100 meters below the
surface, which is combined with the mature
heat pump technology to provide heating, cool-
ing and domestic hot water for buildings. There
is no water consumption in the process of using
the technology, no pollution to groundwater, no
potential geological disasters, is a kind of soil
source heat pump.

The heat generated by the system refriger-
ation can be directly recycled through the heat
pump unit for the preparation of domestic hot
water or for the heating of the pool water, so as
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to realize the recycling of the system energy.
At the same time, the project has realized the
complete marketization of the original technol-
ogy. By referring to the actual operation situa-
tion of previous similar projects and combining
with the characteristics of this project, the low-
cost operation of the project can be realized
without obtaining any project-related subsidies.
The annual operating cost is 24.4 yuan/ m ,
which is 44.7% less than the non-resident
(school) heat supply price of 44.1 yuan/ m
(building square meter) issued and implement-
ed by Zhangjiakou in 2018.

Multifaceted advantages of shallow geo-
thermal energy promote environmental
protection

The distributed cooling and heat source
system of constant active shallow geothermal
energy consists of a single well circulating
heat exchange geothermal energy collection
well, a shallow geothermal energy centralized
heat exchange station, a distributed cooling
and heat source station and a terminal system
inside the building. The project sets multiple
single-well circulating geothermal energy col-
lection Wells to collect shallow geothermal
energy in a centralized manner. The primary
collection pipe network is used to transport the
shallow geothermal energy to the central heat
exchange station, and the secondary heat
exchange pipe network distributes the shal-
low geothermal energy to the distributed cold
and heat source station. The distributed cold



and heat source station is equipped with three
times of energy enhancement pipe network
to improve the temperature grade of heating
and cooling demand. It is transported to the
end system of the indoor heating and cooling
building by four pipe networks to complete the
heating and cooling process.

Advantages of constant active shallow geo-
thermal energy distributed cooling and heating
source system include:

1. Centralized collection of shallow geother-
mal energy is conducive to system overhaul
and maintenance

2. Secondary pipe network delivers
low-temperature geothermal energy to re-
duce heat loss

3. Distributed cold and heat source sta-
tion is set according to the energy demand of
the building, the frequency of use and other
characteristics, to ensure flexible operation, to
achieve on-demand energy, how much to use,
how much to take, how much to save energy

The core technology of the project is sin-
gle-well circulating heat exchange geothermal
energy collection technology, which is an orig-
inal and advanced shallow geothermal energy
collection technology applicable to a variety of
geological conditions. It uses circulating water
as the medium to collect the heat energy of
the shallow underground temperature below
25°C, which can realize the recharge of all
groundwater in the same layer. According to
the different geological conditions applicable,
it can be divided into no heat transfer particle
collection Wells for strong pervious geology
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and heat transfer particle collection wells for
weak pervious geology. The collection well
is composed of pressurized backwater area,
sealed area and pumping area. With water as
the medium, the heat collected from the pump-
ing area will enter the heat exchanger, and the
medium after heat exchange will be circulated
through the pressurized backwater area to the
pumping area, and the closed circulation heat
exchange can achieve the purpose of heat
consumption without water, and the shallow
geothermal energy can be collected safely and
efficiently, saving land and provides a much
more economic option. It also provides favor-
able technical support for the large-scale safe
development and utilization of clean renew-
able energy for building heating and cooling.
The technology is suitable for the heating and
cooling of the new, renovated and expanded
various public buildings, civil buildings, farmers
and other buildings. It can further promote the
energy-saving and low-carbon operation of the
building and realize higher economic and envi-
ronmental benefits.

Single well circulation heat exchange
ground can be safe and efficient

The single well circulating geothermal
energy acquisition technology is a safe, effi-
cient, land saving and economical application
technology to collect shallow geothermal en-
ergy. It has been successfully applied as early
as 2000. After more than 20 years of tech-
nological development and updates, it has
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become an advanced shallow geothermal
energy acquisition technology applicable to
various geological conditions. The single-well
circulating heat exchange geothermal energy
collection well uses the pressure difference to
get the temperature difference, and the circu-
lating heat exchange collects the geothermal
energy in the rock and soil mass. The whole
process of geothermal energy collection
and utilization does not consume or pollute
groundwater, which is safe for groundwater
and avoids potential geological disasters.
According to the structure of single well
circulating heat exchange geothermal energy
collection well can be divided into two forms:
geothermal energy collection well with heat
exchange particle and geothermal energy
collection well without heat exchange particle.
The geothermal energy collection well with
heat transfer particles is suitable for weak
permeable strata, the well depth is 40-100
meters, and the geothermal energy collec-
tion capacity of a single well is 100-300kW;
the geothermal energy collection well without
heat transfer particles is suitable for strong
permeable strata, the well depth is 60-100
meters, and the geothermal energy collection
capacity of a single well is 15-500kW. The
single well circulating heat exchange geo-
thermal energy collection well is an original
independent intellectual property rights tech-
nology in China. It has been recognized as an
original technology by the Literature and In-
formation Center of the Chinese Academy of
Sciences both at home and abroad. It has a
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number of international invention patents and
the international advanced level of provincial
and ministerial identification. In December
2012, the Beijing local standard “Technical
Specification for Single-well Circulating Heat
Exchange Geothermal Energy Acquisition
Well Engineering” (DB11/T935-2013), which
was compiled by Hengyouyuan Science and
Technology Development Group Co., LTD.,
was approved and issued by Beijing Munici-
pal Bureau of Quality and Technical Supervi-
sion. After years of promotion and implemen-
tation, it has been applied to the heating and
cooling of more than 21 million square meters
of buildings, becoming an important techni-
cal measure to reduce the carbon emission
of building operation, and contributing to the
early realization of the double carbon goal.
Hence, it is seen as an important low-carbon
path to solve building heating cooling.

There are many technical advantages of
constant active single-well circulation heat ex-
change ground acquisition:

1.High efficiency

Single-well circulating heat exchange geo-
thermal energy collection well is based on
groundwater as the medium, and adopts the
small temperature difference method of direct
heat exchange with underground soil sand and
stone to collect shallow geothermal energy,
which greatly reduces the heat transfer tem-
perature difference, improves the water supply
temperature of heat exchange well, thus im-
proving the energy efficiency of the whole heat-
ing (cooling) system.



2.Safety and environmental protection

The whole process of geothermal energy
collection and utilization does not consume or
pollute groundwater, which is safe for ground-
water and avoids potential geological disasters.

3.Land saving

Its heat transfer efficiency is 20-100 times
of the traditional soil source, and the ground
only accounts for one maintenance well cover
area after the completion of a single well, cov-
ering an area of 1/ (20-100) of the traditional
way, which provides technical support for the
application of shallow geothermal energy in the
urban center where the land is tight and the
buildings are dense;

4.Wide applicability

Ground energy collection Wells are divided
into energy collection Wells with and without
energy storage particles, which can be applied
to different geological conditions with strong
designability and wide application range.

5.Short construction period

The number of collection Wells is set ac-
cording to the cold and heat requirements of
the project. The construction cycle of a single
well is 3-7 days, which can realize the simulta-
neous construction of multiple Wells and great-
ly shorten the construction period.

Shallow geothermal energy is widely dis-
tributed, abundant and operates at a constant
temperature. Combined with the advanced
single-well circulating heat exchange geo-
thermal energy acquisition technology, it has
been used for many years for building heating
and cooling. A plethora of examples support
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that it can be used as an alternative energy
for heating and cooling. Constant source
energy heat pump environment system has
strong designability, which can be specially
designed according to the scale of the project,
the characteristics of building distribution and
the rules of use. This project is a typical case.
The Hengyouyuan shallow geothermal ener-
gy cooling and heat source system realizes
the clean energy supply for all the heating,
cooling and domestic hot water of the proj-
ect, saving 60% energy compared with the
traditional cooling and heat source system.
Constant source energy heat pump environ-
ment system saves significant energy in the
operation process, greatly reduces the car-
bon emissions of the system, and promotes
the realization of harmonious coexistence be-
tween human and environment.

Throughout the current various forms of
heating, shallow geothermal energy has the
unique characteristics of energy saving, high
efficiency, and zero-pollution, and has become
an advantageous option in helping the heating
industry achieve the “double carbon goals.”
Therefore, it is imperative to continuously in-
crease the scientific and technological research
and development efforts of shallow geothermal
energy industry, strive to improve the share of
clean heating of shallow geothermal energy,
supported by facts and data to promote shallow
geothermal energy to become the prime option
amongst alternative heating energy, actively
promoting the transformation of heating energy
in the new era.
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