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Abstract: The geotectonic position of Beijing-Tianjin—Hebei Region research base (Xianxian county) is
Xianxian county fault arch, formerly Cangxian County uplift, in North China Plain. The research base has studied
medium-low temperature geothermal power generation and integrated cascade utilization by using the thermal
water in Jxz karst fissures geothermal reservoir. The capacity of the geothermal power generation is 280 kW, ORC
centripetal turbine technology is used, and the system working fluid is R245fa. Two test runs were carried out on
February 4-6 (in winter) and March 6-16 (in spring) of 2018. The cumulative power generation time was 274
hours, the cumulative power generation was 36 956 kWh, and the average power generation efficiency was 9.1%,
with a maximum of 10.4%. The power generation efficiency is higher than that of China's existing
low-temperature geothermal power generation projects, and is also at a relatively high level in the current
international projects. The generator set worked well and stably during the test run. The geothermal generator
operated better in winter than in spring. After the construction of the scientific research base, three levels of
utilization of power generation, heating and geothermal ecological parks will be carried out. According to the
thermal energy potential of geothermal water at 90~95/25 °C, the comprehensive utilization rate of the two-stage
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utilization of integrated power generation and heating will achieve 70%~76%.

Key words: medium-temperature geothermal resources; geothermal power generation; ORC; geothermal cascade

utilization

PG 2 IR AN TR], AR IR AT A R i (=
150°C) . i (90~150°C) F{k i (25~90C), HihE
T Hb ARG U AN R B IR T A . HUEARE
K HAAPEORE | RUE R . AR
ST AV NN B8 = A PN S o - I (£ B ) B ' = AN |
WK . SRR IEAR RO . A S AR R RIS
Wi, A BRHE IR HL AR i S ISR R Y AL T
B K BHAE & HL(Li et al., 2015),

F [ 7K B A b AR UR T2 A A LS
HEAUT A A A DR TR TR 2 e A 1L DT 2R
Wb, M 150 T kW, B FEAR | 45
R, IR 7 B 20 28 70 AR
 — M Q8 5 Bk 1k 2P R ET, AT AR T AR S
300 kW Ay — > R0 H s A FEia 4T, HAR AR
Ak OG5 (M ELARE, 1994, JAlAZI, 2005; FBFEHEFIEG /N
S, 2009; BEH 2% 2011; Lund et al., 2015; An et
al., 2016; Xl RUN%, 2016; T 3R¥45%, 2017),
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Fig. 1 Traffic location of the study area
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Fig. 2 Regional structural units and distribution of
bedrock geothermal reservoirs
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FER—BH R 4 000 m IR T EAAERES
HE Xk BB 5 A (B 2), Ak DUR - K
B KO AT R BRI S | AR AR T
R alRESE N E, SR RZHILA 4 000 m
DA EZ A A e i B HE DR BB 1 P e, A
DKk aKTAsE . BREREEAASE .
RESHBAZAE . ERASHESE R E,

2 HERBEIRIR AR

R B b DX R A A 3R LR TR i S
ER SRR, AT POKIRE B (40~70°C) N E
TR . B kA8 1R A AT AR 2,
AR 53R FE R — PR 2R A T A R A R L R A
SRR o B b 32 BRI L 2R 2 A
JEHOKIETT R,

] FL 727 SR AAAK 43 o 55 ok L AL RN R T R
2H o 25K L2 B T AR 1 100~1 500 m, fifJE L
15%~30%, #AEJEEE 120~350 m, FHIFAB AT,
ZUBRE 20N 3.3%, JKiE 90~100°C, Jifi /K& 80~
120 m/h, Rtk s ik — ok 6.0~6.5 g/L, KJE
FKAIEFN Cl-Na A, & F R4 g R, H
FOE AT RAM, HE{UEIF N GRYL S451L
W, MEEEA AR, 5 EEEAE S,
Bk E, EEEL, PRI 3 767.46 m
H KR K 103.5°C, {7k 69.38 m3/h, IR E
{44 6.3 g/L, /KFiZEA K Cl-Na B,

3 WRIRHP R KRB ITRR

I N B HARIE 3 11, FEARMEILILE 1.
BT HIH GRY 1 FI XXZK-1 HUKIR A G #- 7 & |, 2
LS E 280 kW/h, & HL 5 7K GE £ B X e b i 4o 4
Je TIECHROK, R B AL s RS B2 T 1 O =R B i
ROEBRFUHLRE, AL SRR HIKGE I XXZK2 J- [,

RIS B B & W AR S b i, T o i
b, INTAAHEL GRY 1 MU HUK EF T A &
55 PR B B 2R
31 HWAMEHRZERFE

W ARTE IR B R R N R R R

1 NMEBMAFEKRER
Table 1 Basic information of geothermal wells in the
research base

He GRY1 XXZK-1 XXZK-2
ZALEE Im 4025.82 2500.18 2004
KA i B R i H R 5 il LR
FrE4l by INE| by INE)
Kif/C 103.50 83.00 83.00
Mk & /(m3h) 69.38 109.29 100.00
KAk 2R Cl-Na 7! Cl-Na 7! Cl-Na 7!

®2 REINEARKSHR

Table 2 Technical parameters of the generating set

2R AL ORCHLAL
WIS —_ Pure Cycle
L \% 380/400
Y Bk R kw 3200
BHIKIR C 10~32
AR R m*/h 500
oK H TR C 72
Wi R kw 280
i R kw 270

MU & A A BRA A SR A U A R AR
IEAh, XAF kAR “HIfE PR AE— L fE”
() J WL DR, — R I 2 AR 00T, K b AR RE
F e Ak A v R 1) b R K H R R TE A T 5 (B R
4, 2018), X T R A HOK B AT IR, DI
HLEAH 7B 2R (ORC, Organic Rankine Cycle)® T.Jfi &
CiE s NIVAAEE 23S ) Rpan

FHIF 3SR ORC [0 ifs T K &, HLAH
RS e FESBHANER 2 iR, RGN R245fa( 1L
FNRE) o FLIRHEh T 78 R A% 5 0 T A
(Hb AR ) I B0 A v R ZRIR, R ZE IR A BT
Bk ABCT 2 T Y 3l & F AL AR L BE, BEAK S AR

G —fwns].. |

El P : :

heat source e ‘/?,%%%% IGornennnt
Ak [hl> I LELETLELEE
cold water H

Lo Pt
working medium

3 ORCETHAABRETEE
Fig. 3 Electric-generation principle of ORC Turbine
expansion
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Table 3 Trial run data of geothermal power generation

2H4—6H 37 6—16 H
W3 H A2 E
(%%) (%)
R R AR R C 94.5~95.5/95 91.3~95.1/93.6

R TR C 71.7~73.2/72.3  71.1~75.9/73.9
Y kA Ak IR C 11.1~13.5/12.5 13~19.1/15.7
Ve BERS H R/ C 14.9~17.8/16.5  15.4~22.7/18.7
B R BEIC 77~79.1/78.3 73.1~79.1/76.9
B DR EEIC 11.5~14.4/13.2 14.3~20/16.8
% - 3F 11 1K /1 /kPa 740~760/750 700~794/751
&Y H R 1/kPa 170~190/181 195~259/221.2
Hu K I A (M h) 59~61/60.1 67~69/68.1
SR HL I (kW/h) 155~159/157 122~138/130
A Th 3 (kwih) 140~149/145 112~129/121
KL% 9.5~10.4/9.9 7.3~9.9/8.3
SiRIC -10~3/-2.4 —2~22/5.4
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FEIRIE AR BERS, BV F0 AR AR R 0 T A4,
T AR o 3G R T R S PRk A 78 R A 58
MEFR(E 3).
32 MHMABIKIEITER

ML LT RE 1T (% 3), SB—Wh 2018
42 H 4—6 H(&Z), HLATFHLET B Br 2l i
K A] & gLk, s ATEFE] 49 h, B3l kA
7 693 kWh, Z314 B & 7 103 kWh, $r5-F-H
K HLIR 157 KW/h | -2 446 % 145 kW/h, F
¥R AR 9.9%,

B YKCh 2018 4E 3 A 6—16 H(FZ), iafrht
] 225 h, 2314 Hi 29 263 kWh, Zi44 i it
27 130 kWh, #7581k 2% 130 kW/h, P24t
iy IR 121 KW/h, S % BLACE 8.3%.,
3.3 MMEBIRIBITHRST

RIs T ARl &Z L BACERE 10.4%, K
9.5%, ¥ 9.9%; HEELKHICKEE 9.9%, KL
7.3%, 11 8.3%, HHEZFLHETE 125~135 kW X
[P /N R 183 /NEE, 5 SR HUEFE Y 819%,
ER B EAL 5% AT RHACRTE 8%LL F i/
BHECH 174 /8B, A7 SR LB TRLEY 77%. & LA
BARIBTROR AT Hig 11 o

& HLATLZL DA H BROK PR AR i R — 4 T
RHL, —HR BT R Rk . AR
AR B 7 BOSCAER Y 90.1%, FHF & HL Y #1
5 9.9%; H0.8% WAL AFEH &, FHTIKshN
B . TIRE; & F 9.1%5 4k v & i (A 4),

HBEREHAPIILE S 91.7%, HTF&RHEM
it b 8.3%, i 0.6% L4l B FEH &, 7.7%% b
R . AT, AR R LA B TR
RiFFHEZE,

SRR ML R BBCE N 12%,
Hh XA A b AR S R R AE 6.6%~37.93%
(Zarrouk and Moon, 2014), fij FPA IR P B 0K

9.1% 7.7%

0.8% 0.6%

2H4-6H (%7

3H6-16H (%)

ik P
heatloss

I:' AR .
average electricity production
- PLA E R & N
power consumption of generator set
Y o = 4=
4 MRABRGREETEE

Fig. 4 Energy balance of the geothermal power
generation system

1E 5%~9%(Hettiarachchi et al., 2007), iiz1 7,
B SREH & AR A2 4 9.9%, H2H48.3%, HiZ
SER R 9.1%, fi ik 10.4%, & TR ECA R
T AR H I H 54y E AR ORC M &
TH (WA, 1994; 1R85, 1995; Kohler, 2005;
Holdmann et al., 2007), 7& H i [ bx H{K 5 ORC i
PR B I H A AL F 3 & K OF (Hettiarachehi et al.,
2007; Tchanche et al., 2011)(5% 4).

34 AKX BN EER

ORC kL RGMEREZ B TRFIE . ZERIETT .
Vo BEIR ] . PAEETRLEE S Z R0 R R 2 (Wei et al.,
2007; Jiifh, 2010).

FHIFSE b 30 K L RGE i 1T I IE], R4 T
¥k R245fa, HATCH: AFEE . TS, H
MR G DA K R L )5y H b B oAy e A3 T
(F#KEE, 2017),

iz T, &FPLA LTI B B g ad 4
R Sk, 1 22 W25 I Ja HLA 83K 5 4
IKTAE. I, AR ZEXT 28 & fi 0E I B AR X6
FaE (AT 95°C . BFTH 93.6°C), HHEFEN
IR TS, AL OEERW, SFit0
FE IR BUN FIRE R AR LA, R4 28 5 3 =24 (E AH

x4 ERIMNERS PIRIEM AL BT E AR TR

Table 4 Generating efficiency of Medium-low temperature geothermal power generation

T 5 b KA HRIFREIC  HERE EHAE KW ) KRR I% B dh St i
Chena, America ORC 73.3 120.31 m*h 250 R134a 8.20 Holdmann et al., 2007
Neustadt-Glewe, ORC 95.6 70 m¥/h 210 C5F12 6.40 Kohler, 2005

German

PF5050 7.80
HCFC123 9.80 . i
/ ORC 90.0 / / Hettiarachchi et al., 2007
NH3 8.90
C5H12 9.90
Otake, Japan ORC 130.0 14.661 kg/s / C4H10 12.90
- Tchanche et al., 2011

Nigorikawa, Japan ORC 140.0 50 kg/s / R-114 9.81

T AR INZE 91.0 230 m*/h 300 K 5.83 A, 1995

AR [NZE 92.0 140 m/h 300 7K 6.00 mEAE, 1994
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Fig. 5 Relationship between generating efficiency and inlet & outlet pressure of Turbine
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Fig. 6 Relationship between generating efficiency and temperature variations

ZARZ (X 750 kPa 2= - 44 751 kPa), {HE
s R T4 2 (A 5).

MK 5 Rl LUE 1, kRSSO R
FEICH BB AROCOC R, T 53 F R ) 2 B
KRRBAWE . £F3 0O 205 Y
170~190 kPa, *F-1J 181 kPa; % Z N 195~259 kPa,
14 221 kPa; A ZEHLAL K AR B @ T/,

KL G R AR AR AR, &R
ALV -10~3°C, F¥-2.4C, FFER-2~227C,
T4 5.4°C, RFEIZETX RS, £ZR BRI
P AES mE—-FWiREirE, KBRS =E
AN AR I B R A DG OC R, RIBE A = 4h
SR TE, R R A R ACRREIR (A 6), X5
BT X R Ge M AR 15 AR A, = AN
R EKIR R Z T, S R ) B AR
1k, TP BUL HRCEREIR(Wei et al., 2007; #f &
%5 2016).,

AL AT DL, 7E R — T . AR TR B AR 6 A E 11
ST, BRI b AR B AL e AR A2 B
BEWE (R AR sz, H 5 Z BRAHKEER

4 MRSEEERA AR

FBHIFEE DL st IR IR 23 S B A T O =, F
i BRI g e O, 92 BB e R Ak R R

(7). Wit GRY1 Fll XXZK-1 $UKiR&F 4
R0 3E 1 & LA 58 i — ORI T R LS 72°C K
i B A A A A PR ES + PRI R R SR 0 AL R
SER ORI, B PHE S M B T e 3%, 35°C
PEZ H 7KK 8 1R B A 2 Bl R A T = R, A
A5 e A A5 b A (AR S L K IR A ) AL SR R
SR, g =R AR, B 25°CR/KE T XXZK-2
ER

PR R

5 e J | eoc
L [oRCR LA [T BT A s
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Fig. 7 Flowchart of the geothermal integrated cascade
utilization system




312 o ER

EE

s

P BRI TE, MU b 8 B 7 I 2 LA
280 kW, & HLUFIHG KT 72°CAES, Hopa Ty
AE 8 LR W A 76 b7 35 WImP 5, BT e 30 7
m? A A 755K . 4% 18 90~95/25 °C Y Ml K HAAE 1
01, A R AEm R, TR AR IR LR G A R
H 70%~76%.,

Hi B EL AR AT IE 1T 6 000 h LB R va A% Rk
/N, 2009), DA REHLAS AL 280 KW, 4B THL
H4 6 000 h A farisfTitas, 1%k HL 168 77 kWh,
Bt AR T AT AR 2 206 ta, d/b A AR
HEE 2 514 ta, J/DRRHERCEZ) 140 ta, Bk —
AR HEE ) 16 ta.

RIS T AR B, AE A IR R
A7 99 1) 52 8 1) AT i o o 30 4 3 i ERARE I 114 — )
Mo RGIA JmREFRVHEb, PR HAECR
s, A AR, BRI AL 3 U7 m?, Mk
AL H /K 71.1~73.9°C, LA i 15 $2H 5°C R
%, HKZ) 67°Ci it XXZK-2 F- g, % N ARG iR
JEE WA S e PR P R TR B 21~23°C, T 2
CRARERMREE XS 2SR RE)
(GB50736-2012) 423K, LI ACR R4F . HEz ]
it 91 531 kWh, I fEH i 407 kw, 5
A AR L b L I 1 2R FH AR R R 23
24.3%~35.4%, V-1 29.2%,

5 &4
S AT RS R 25 T R (KL ) BT
3t B FH R EL 3t P05 A 8 B 2 0 T R R i = A

IKBEATH . ARTEBOK B . fEBE . ARl LR AR
FIA . MRk 2R PLZE B 280 kW, 43051F 2018 4F
2 A 4—6 H (&%), 2018 4 3 [ 6—16 H (HZ)it
Tmatiztr, BilbkHBEEK 274 h, RilAHE
36 956 kWh, Zit¥ i Hi it 34 233 kWh, #r5-F
1% B, 2% 143.5 kW/h, -2+ 11 2% 133 kW/h,
YRR 9.1%, Hm{Hik 10.4%., KHBEBER
T3 O A T IG R s BRI 5 1 A IR
ORC kWi ui H, 7 H A E LR ORC Hifh
K LI E AT R KOF

A AT W A & LA B s AT RO By HLis
ke, AR LBHABTHRETES, &
PUAE A ZEHLA b HOK R A5 1 # i B TR HL A L
BIRFHZ, LAFEBECECEY 9.95%) 8 &+
HZ (T 8.3%), @ H > B el F1, AE T AR
PG IR AR R PR LT, LA R L ROR 2 R
EmA R, FEZEHENRMERR, 2R
A, R EIKIREE R T, RS E R TR
Ak, M BUR FACERRAR, X5 FREEIR X R

GePERE Y RZ A RLER AR A

RS T AR R, AR SRR A is T T
W58 BT & H K A T AR 1) — R, it
W AL 3 7 m? P& A A RE IR R R R O
24.3%~35.4%, F-14 29.2%. I SE UG,
WA . fERR . MRS B ORI, Hi R
90~95/25C [ b K BB T, 255 & HEL AL I PR 2
AT R IR R A R 244558 70%~76%.

BT ARSI AL H B b R B K SRR PN E A 9
AR S F 0 EE AR, FEBFAFRKIHR
IBISRARRITRNE TR R AL RIALAE F 4
TR 5 L.
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