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Abstract: Geothermal energy, as one of the renewable energy resources replacing fossil fuels, is difficult to drill
and utilize in a large-scale due to its high development cost. A large number of oil and gas wells are abandoned in the
petroleum industry every year. If those wells can be used in geothermal energy development, it not only alleviates
energy problems and reduces drilling costs, but also effectively controls pollutions from well abandonment. Therefore,
the feasibility of the abandoned wells transformation was analyzed combining with the current research status of
geothermal exploitation and the selection and utilization methods of target wells were elaborated. In addition, the
transformation and heat extraction modes in abandoned wells were discussed in this paper. In general, the exploitation
of geothermal energy from abandoned wells is still in the stage of theoretical and experimental research, far from large-
scale industrial application. It is suggested to start from the overall trend of geothermal development, focus on key
technologies of multi-lateral wells, improve the heat extraction performance of abandoned well systems, establish the
intelligent decision-making and optimization system, and strengthen the research on ground supporting facilities. The
results of the research and development suggestions will provide a guideline in obtaining geothermal resources from
abandoned wells.

Key words: abandoned wells; geothermal energy; oil well transformation; technical status; development suggestion

AR, A A REIR T R B A K, L
" v e Y im A HA: 2020-07-21; 250 [E1 H #A: 2020-09-27
TSR, o E R Y BB TS et I 25 R, T F 0 2202070921
J . D e e N EERAT: Rk (1982—) , %, BAITIREA, 2004 5 00
T BE VR A0 & A FH 2 i e L 3R [R] 8L AY A 3508 1% FomAR (A) GmIREEL 2005EYEEHAT (L
EPRETRMLA (IEA)F8 1, B 2040 AE v FAEREIR R &) wAa b o5 Ll £ 90 300 A 500, 2 20 F w2 F
A 5 F 4Bk e K 2k 5K PHAE LR RAENFEL J’-ﬁ/\{-*ﬁ’ﬁh7J<faf}in%3;“li/ai‘7%i?fi%wﬁh?«%&’ﬁb—)”F?E—)Fifﬂ
P — e e 5 ARFF @B R TA4E. E-mail: songxz@cup.edu.cn
HEAIEA P E S S A T A BT AR LE, AR BERELA ELHE: BEELMAARNAD “ Kok h 59 ME R B R
Hi sl A3 A )L BRI I P R RN AR R i 2 A BT R A R AL (%5 2018YFB1501804) B % A KA
SR ORI, RS TEA MR RO 2017 4, 5 B ERAEEASARAA TR A T (6
51822406 ) & F FAFAI At (1113H%] ) MA “RIFwMAT
&by ") > 0 &b ")
HEWITEIR (50%) KT KL (31%) L BB CO%) IR st o (s B1704S ) ot 00 0 b 5 715 251

FHEE (8% ) S5 AH Lb, HuFRREAN (5 4Bk v] 1525 e IR IH 9% %) (%% BITWZYJHO1201911414038 ) 5% 4~ 3



http://dx.doi.org/10.11911/syztjs.2020120

D e 2 /Yh ”f‘u

#x 53 K 2020 4 11 A

Y 2%, HFEREE T 37 0 AR 1Y) E DR gl L
KA By, A RS PR AR TR o A B A
9 50%"), ARG i R B o I AR 2 AR b 3 R R £k
I % i LA e, 7T R 3 T T e b R U RT ER
JSEH il R TR T T LA T) 8L 9 A A5 A

ARG, BTt A EEANA 2 000~
3000 J7 U FHN, filn, 32 15 vE N A i
36.4 77 LR IR, Hh 20 1.8 7 1R 8 IF 1 IR
et 3000 m, HIRIRLEE 58 7E 125~175 P 3k
2005 47 & 35 80k 7.68 J7 1, 2010 4 B 3% i F
9.2 J7 11, i F R SE R AE SR 10 T L
PN b2 3 0t I 7 T s i i R BCER N, FH #EA T T R
WEEE, T R 4 5E A H # R 4 (enhanced
geothermal systems, EGS) F1 3 F #t #4 4% (borehole
heat exchanger, BHE ) HUIAE 53k, 15hig T % 58 It it
PBEUE G vl | AR AR R AE & . (R, ST
&, HATE NS I b AR T & A A T S A Y
AU PEWT IR Be . B, A 38 53 1 b AT R 4
AR BUR N 1 75 ) ol Fn, FH A BB L, T
I, 2B 455 B N AN E S0 RO K BR, 1H 9 R
457 AT IR S R s e, X O el i T AT v
AT T 40 AT, [k it 5 AR iy 2 B, R 5 b
PRI TT SRR IR A2 55 R AT 1T 3R, JF X R 3¢
FE M K B AR T BOCHEL

1 RS HIRAETF A AT A7 1

Bifi 5 JF & AN W R AT, )22 T 04 o T s 3 W A
Wy, Y HOE 2B L R AT N, A R IRk R
It o MRS R IOL EEAE I, K5 IF 2 ok £ 1)
S, QR B T SR TR 1 IR AL L
PEATE I, ST RE AN W R Sy, RIfER
BT A 300 B R, ol 2R H IR R R E
b, M RE 5 AR RUBS s g N B IR, K TH 2 3 ™
o [A) fl,

3 T T 7E b DX B B A R, R 2 R A OE
2w B M AR R AR P K A R
(HEH 2 2016 4F) ™), =W H 4345 )12 RS AT 4
b | IRV Hb RSB IR 22 3 4 b b BSR4y
AR TSR AR AN (E . DA IRk ]
HRZHomh HH% 1000~3 000 m, 7 H 7 A 6 & Al
5 60~100 °C, A 46 5 20w AT A1k 47 % #
H ik b Il

WAL, B R 359 47 b O oot BA DL R AR

S 1) TR B £ AT RO, AT K R B
A A 5 2) FT B AIG 5 AR, ok 2 J5 0 15 5
A AE AR S 3) AT R A A e e (R
it Z IS HO) e Bl A HEATT & 7 &
4)Af i A PR AL RE VR, A I ES s S) A B Tk
] 1 B A 3 ) R 5 6) A7 Bl 52 PR M S VR Y
Bleg  EmROT K.

R T G b DA T T AR U RGP Ab
AT T RSB RITe AB R 5 B
G BT R T B o £ W T & R B IR R,
WOUE T PR 79 I T R LA B i T AT 1, IR AR
TN EEHRGUEZLT ., T. Kujawa 2 A
RT3 MU RE R B9 5T, T 5% SR
B INES D T I T BRI A T A i
JE RN P A A 4 B i X O R AT TR R
A. P. Davis 2 A\ "0 — 0 IR 3 000 m B9 3R
TR, WS T LS T RN T8 M 3500 3 b 3R
AR RE 7, FF N R f R BRI S AR AR KR JEE - B
BT R IR B R AR 75 B AT BEge T
7 FA LT BURAROR (5 ), 57 T — AR
6 000 m [ J% 7 BRI R A AR, S0 B T AR A
JEE 7 452 PR 20 # 1T IR RE B b AR S B
T A7 B 5 B S A B RS AR, IR BT
e HL AL AR A AR R A A, A [ g A 2 )
BRI T 5 U7 4 A b AB6 13 5 Y. Noorollahi 25 A
R 5 M S CH i 64T 1 I 5300 3 861 1 4 423 m 1Y
L F I A BGAIF T, A5 Bk T 5 2 30 R b A
JE LIS, 2558 TUART T BRXH 3l P 3 A 3 th A7 78 5% T
R IR 50510 138.7 F1159.8 °C (1) AZ-11 # . DQ-II
i K HL 4y 513k 138 I 364 kW R. Caulk 25 A
WEFE T A A8 JE S 1 350 S ) 1 58 Hb AR 2R 45
IR VR e 28 (0 38 I, 75t 7E B K T 1250 m,
UL B8 R 5 2 (17.0 °C/100m) [X s, it Y [) 4 A
AT LURR AN ARAS T TR 40 C DL A T, 7R R
JE RS FEAR T 4.5 °C/100m X s, HAETE 3 000~
5000 m - PRAL 3R A5% F bR H TR 5 72 e AP
N4 PR F5 90 A R e A RCR S, DA IR A I o 2
TG, BESTAS R T R R A &
N LR | b IR B E R R i, A M AE SE PR TT
PO - N VA S 3-8 b Y 5 g

B T BUE AL, [ PSR TR I
I B IR I BFSE . T. Kohl 28 A BF9X T 15
i B AT T B E F I AR R g, A5 R
IELHE 738K 7] 3 40 °C; D. Weijermars %5 A #6457 7 31



% 48 % % 6 4

RS B F IR R AR IR b B L ©3.

ik 0, A FH I IR 230 70 °C B0 % 35 I IR 4R L
Mo IR SR IR 2 T R G, JRHUS T ). BAESE
B S BE T U T B B SRR, 4R DT T R R
i gy, X 3 R F AT T GE R GS43
Fed 1500 m/d, 3F H /KR T 80 °C; GX307 HF 7=
#1000 m*/d, F F/KIE R T 65 °C; XH24-28 J: 77 i
1000 m’/d, KR 66 °C . Hedb i M = 41 o i
J5 0 300 77 B 100 m/h, HK TR EE 64 °C; B
J5 1 B9 JF 77 100 m’/h, HKIREE 95 ¢, FHER
s NPVLENE L S 28 JF . B 24 SRR 44 SR HEAT
T HATF R e TR, e A 1 AT T HER
1000 m’/d. 2 1 000 m (47 i A1 52 SR iR 10, 150
o O PR S 1932 m/d, S 1T U AR T
K116 Co [ A8 R B 86 3 B R A el
BB IR 2 AR, AN K [ T R 2 i
T KL e, T % T4 m AR e R A
FE— 2 MEBE , (B A 58 B0 T % 37 3 e s A F
KA ATE

2 RIS BN K FABE 1

21 EFEHEIER

SIS IR A Z, (HOR R BT R 0 #E
Ao BRI . R IR s AR R, bRk U
A LR R 1) 77 A 3O A0 (8 B 3,
ARG R IR BB B AL E (PR
RGEMH), LRSS HEEREZFCAE L
G HEAT A3 AT, 5 B BR 0 4 5 A AT IE AR
2) 7= R A R, T AR R 3 IR JE [ A
KHEW(HTEH) ERX CHT S HE R fEn)
S, Iy RS kA R AR A T P A i 2 ) A i
¥E; 3) N R RIS ST O O B I S IE,
T 5 W el s 4) B4 & PR AR IF R B, 9 0
2 E] B S A /N T 40 m, LSk ) A VR Y, s

X T FEHF B PR, Liu Xiaolei 45 N $HH T
GEO MR BZ L LEPE AT B RN IR F T &
PR YR O 0 o o S TR, DT A T A AR T A
o M SORT R [) BN 2R L i 4Rk B B TE R KR
Villafortuna Trecate Jii FH #E47 T I3, 250 %0, H
FEAE 10 4F P9 0] UK 29 25 GW-h [ HL 77, 28012
M 500 kW,

B2 RS IR T B R 2R R, Hf
TR LR G MUt 2 AR R B 9T I A5

22 BEFRHANBERRHRAN

] P Z 10 1 58 0 AT R s, R
SR FH TR T F 2R i U 2 A, T 1R A el Ty vk
F2 AL HE R Bl vk L ek o G LA RN B
LV, X 3 MOr i ER A AR TR R A A
X5 B IR R B A0 P 1R Y, EE b SR
IR, X Ly 3 S [ R AR R b KA, A B A
Ay, HOX 2 0075 Ge B i, T AR R A
E—EMERE . HAT, s EEL T H
EGS & BHE W J5 T, X B BHE 417 A2 T 5 1) XA
J- T #e#h 48 (double-pipe wellbore heat exchanger,
Double-Pipe WHE ) 145 — 26 f 551",

A il Ty RIZEE Y
B SRS AT NN shos kg
pree O o i N K

i
i

(a) e b H-F I (b) FHITF IR G Ml e il -

Jit

(d) HELH S Lk
i I T

(c) M5 3 L1k
BGE R
1 AEBERE TR HAEE
Fig.1 Oilwellprofileusing different transformation methods
EGS ZHi FZM T AT R, FEAHEAIF.
A | B N TR S 2 . TR B TARE T X
s Sext B PR BOE T N TOK IR, SR )5
BAT RS APER) TROE A E A RAM)Z, JEAFR
i P 4 T e e PR SR R 2% T8 0 il L s L
SRS 75 W N s DRt oM BN a R e f
AE BLJR, FEUCHE TR AR HEATAR SR . H
i, MR 7 A g B 2R R AE T R R 4L L,
U ER(ERamhE™ 2E" w5
7250 22 YR e e Y 6,5 4 ) e il
EGS #F5¢, LR ORI T I5E T B 5 U
5 EGS A [Al, BHE Y AR I T 58 4
i OB AR 0 R M B, IR 2 AL B R R
3 AR Z B K e o, HG 3 IR R BRI O R A
BT S A0f B B B2 fh o BHE 3 204 455 [] il
BHE. U J&4 BHE FI%L U JE 4 BHE 4 3 F, 4nf&] 2
st



#® # R 2020 F 11 A

MLA il {JIL/\ N %ﬁA1$&Y}ILA2

ks s it l 1

(a) [l (b)) U BE (c) WU B4

2 ZMHATHRRARRE
Fig.2 Schematic diagram of three types of downhole heat
exchangers

Double-Pipe WHE 19 T 5t & ¥ i # 5 [F] 4l BHE
HARL, i 3 iR, Double-Pipe WHE P 4145 22 fi]
FETE 2 AR IR A RL, A7 Bl T80/ PN A8 T 5T 1) PR A5 1Y
R, AT —E R LR TR E, 54,
Double-Pipe WHE [ %% & /N F BHE, 1§ ¥ T. it it
shE FUE K, B LA Double-Pipe WHE i i& & T & 5
HH#TF % . Double-Pipe WHE ) P 45 &Ml 43, 25 47
Y O )Z, TAERP A T I E RS E A,
MRAE 1 )22 5 5 R) i PR S AR B . Y T A
FEFIFNTIFRG, BT AR5 5 e
A SE AR, TR0 N i B %IM“
FHIG , DRSO A 1 5 T PR AT B s

B — AR,

By
o= K
HME
N

£ A AR R

B3 WEHTHRARTE
Fig.3 Schematic diagram of a double-pipe wellbore heat
exchanger

53R G M L, Double-Pipe WHE (2l H:Ath 3 Fr
BHE)WE NI ARG FEBA LT HARMLH: 1)IE
Jor 5 AR R i, RT AR AR A ok
2535 WU, T r K b B R 5 Y5 2) B AR ER AT LA B
1k =R AR R Al AR s 3) 5 EGS ML, B
KRG ML TR AL, X H RS [ ARXT

Tt CHRT W A% ) 5 B o sl IS S T s R 1, BT DA
TERFZEE FTHRZE AT URAEZ R TR 4)
P 20 R G0 % i J2 R 24 SR AIK, WE mT AR IR A ke A
A%, SUTT LA AR 35 A o 2 Y 5 ) B BB s T LA
JH s 25 A 19 A WL T B R PRk, A B T IO
6) A2 L T % | 15 Y it )2 5815 Ol o

MR g, REAFIH U B4 BHE #E17HUA
TR 5 19 SCHk A0 38 B, (B X T B F S UG 5
Double-Pipe WHE ¥ 4 %" 1) Double-Pipe WHE
it B A AR K, FEAR A I R By B I, A
Bl T4, ot AMIG I T 75 S R BIK, A B T REAR
H 7= AR 5 2) Double-Pipe WHE AW 7 2 3 ok %% 4
FEIRS, BN e i ALK, A BT B

2 ik, R H Double-Pipe WHE 3k & J& 5+
It 0% H sy vy o =
23 HhBEN IR

HEEOLT, M PRI AT 43y = i (>150 C) |
H (90~150 °C) AT (<90 C )3 Fl o & e #A
5 — M J T P I Ml BT VR, IR T DA Sk VR
R ARV, o m] 45 4 de ik 0 B R ke BT T
Tl i A LS JE FR (organic rankine cycle,
ORC) % Hi 5% 55 /b 74 °C 1y 1y F iR Y it 7 1
ﬁz{m = A B AR B R 65~150 °C, I A

G E ol UL, T %R G AT 2 & 4
ORC RZRErE™,

Tolk A
" mxﬂznl m? ¢
Ak _g f ﬂ‘?" W E
e @ m
#bd%%%ZA 1 4
ﬁf}“##‘
¥

Mj
G |
£
il
——«
|
24

2] [0 RZ

El4 RABINBRERARETE
Fig.4 Schematic diagram of geothermal organic rankine
cycle (ORC) system
FI A A9 % 5 I B8 R I, 32 A1) 1Tl
ORC P A Fil {16 0% 58 TR % J7 Tii . B. Saleh % A"
WF5E T A% 373 K sl 3 il R 31 AP a2 7 T
ORC FAE PR 0, A A i 5 Tk B2 ) 3 % B 5
VEHGEHR T 5 ; A. P. Davis 22 A" W55 TS T ki
O TN F i I rp R O Y RE T, JFIA N ek



F 48k H o

Rk BT RTT A ARIK G LR *5-

R 3 e T IR IS A AR 5 gk g e A
HEAT T AR I 34 K HL R 4 PO I B ORC s Il 37
Ty 28 30 T A S 80 R BE L, 79 1 B I
ORGP R125 B 0 2 5% F 3R 58 1
fi, AT LA SR B Hb ) FH M A BE ; D. Tempesti 25 A
P T R BE RN AR TR b B A AR A e B
ORC # 4, JF5C 1 3 F T.Bi (R134a, R236fa Fil
R245fa) X BRI 52, 15 R245fa m] ™= A e A 119
PG IR, 1T R134a W AT LUREICHS B i 1 #A4iE; ML
Ebrahimi 28 A" X% ORC RS #4177 S5tk 4k, 15
H R125 Ry fE T, JF Al 2 008 75 58 517
K BRI AT AR 4 AU RS A8 H, R134a I
R245fa [ R600a, R600, P H . R290 il R143a B3k A
T RS- i & v

F R ZHUE IR LT 150 ¢, Bffififk
KW RGEMERE L LG R TR, AR AR A T
b B 5 3R 1 S R R M, 3 B e o M T %
2 I R VS R 3, X TG RS i T AR, BT LA
FAE 5 BT 7= A G A IR b B AT 2 v S Tl o
WAFTE—E B . il LR 2 H AR 7 H $40
Fy 28X, B E NSNS K B AL 5
RS R L2225 ) i, Nian Yongle 28 A $2
H T — B0 R 750 O 0 R R B R 5, O
HEAT T — A4 A ARG A b 2 RN 5 AR AL 4
7 e A I o R 1 QNI 7 | Y NU& b 950 i
UM S, AR 0 A B E T S Y T
NG

A B S 5 R KA 2 R S T b A Y B
B)r s FEIMATER BN, SR K I A A7 78 B LB
R HG AC, SR HE K T AR T VS A AR
& (total dissolved solids, TDS), F5 Eub 47 B Eh kb ¥,
DI =R N R B NS Y = T 7/ IR e Rl B d
SN R geit, BAEERTTARIGE 2.5%10° m® R i
Ik, JH R AR BRI R = ST AR R e
FeH, IR BEREE 7 0.05 °C/m 19 HHIE 4 000 m JF 3
7 R AT A 600 m” k™, SR K AL B B o
JH LSS 30 3 1 2 AT o5 b AR AR Fy 60%
FEM BRI TR R R, R R R R A
(A AP T AR5 A B 55 TDS R /K sk 1T B 5 76 0 B 46
R gy, HARR RS E AR WL K B BE AR
Fb B INRS A , 3K b 150 B I 3 O 7 L A i P 2
BHETZ N

AN, B BT 7 A FE I P RO D

AT ity T M A A ISR K 7 5 B A Tt A AR

0 AT 5. BAR TR 456 K 51 R R B | R
FHAEENE TN R ZR G 58, U

3 BRI MBI ROR O Y

FUAT, BE 57 JF M B RE T A v Ak T B 01 58 Flial
B PEAT TS B B, 5 R R Tl 1 3 A7 A — 5E B
B o X T IRFEIH I HORBOE, EH NN
M VE 2 0y SCAR I I SRR | BGE IR I R G
IAPERE | LB BEIR SR S AL R ST | o T L
BT o

DN SR LIEIPS =i % N2 S X L Pl
POARTRIEAE M2 IR — JZ AL s A2 L TR |-
ARG — DS ORI, BT, BN ANE
FEHBGEN R Z 0 EH, e I IRAFZ AL
Z AR AR, SR H B R 2R (80F i 2R B J7
2, By A HR S B A, [ B AR 1) A Y
A AR, A B T AR e A

2) L R SR R GIAERE . 5 07 A ALY
TEAIT 5T T 7 PR BRGNS, 42 A i B o 47 /)N
K ITIEZ, IFEA R A s . 53 Ah, AL
SEURL 2RI SO ISR P TR Bh Y, Tk )
SRR H B R TR e TR I AR S
WOCAPERETT 30 1 S8 i, Ul A AT g o et T KR S
TS A Bl X it 2 A T RO SR SR AL T A . O U
ARG RR AR = T RS, 4 T IR U
ARG, s A 2R T 5 IR 2% MR A5 D T BIF 5T
BEAR A P A o RIS, 5 T T U R R 48 LS
filf J= AR RIE I, /0 X i J2= 40 5

3) S RER SRS . W R
g A R MU TR, A R A N R BEF B 8K
i o B RE BRI N2 M | B L O B A
FH AR S5 T7 T A i 0 I R, R F B H B
e A T A LI R, A B P A H i A A
i ST A SHON, & AW B 5 b
SV FE N R, JTEZ AR iAl, il E EAF 5 454
R-G G-I 22 2RI T &, IS BT A1
HHE . TRERL i PRl S IR B R 25

4) T ik b T BC B VO o 2 RS ALE R MR
I JEE FNAE 0 T 5 i s A 25 DR R Y2 ), 70 b A
REAR AE S B Z2 B AT o AL, oo il 2 R 5 v AR
i AR RE A v | W | IR | v R PR K Al Ak B
S5 BBE A R G, DN ] B, 22 SR AE A,
205 ST T 7 M BARE 1) IR



w

H R 2020 % 11 A

4 ZEE

T T A 1, DXk A B2 A ¢ ey, R 5 O
TE R AR BEIR, R A E A K
JEF P AR TE & AL L AEBZ 8 L A B I K L
FAEIATT & AR 7= T 0 LCRK ™ 5 5 S
AR AR GF B0 AT . BT, BN ANE 5
PRE T A W5 2L T A EGS 3 BHE #£47
e, BAT AL T3S BT R g A ST B B, AR D
W ATEZ o XA I ORI 0 R G A PR BE
BB DRI 500k 22 0 R0 b T T 25 95 it A 9 55 O 1 E
FTHOG T B AR I, PR 31 7 i A RE (1Y)
W 5T AT %, %k 7 R 2% ) FH AT P A B2 5 | 22 i g
JR T PEALRE VRS540 | SE ek I & &, AR LA

s X x
References

[1] IEA. World energy outlook 2014[R]. International Energy Agency,
2014.

[2] FATIH B. Renewables 2018[R]. International Energy Agency, 2018.

[3] BU Xianbiao, MA Weibin, LI Huashan. Geothermal energy produc-
tion utilizing abandoned oil and gas wells[J]. Renewable Energy,
2012, 41: 80-85.

[4] KOTLER S. Abandoned oil and gas wells are leaking[R/OL)].
[2020-07-21]. http://www.zcommunications.org/abandoned-oil-and-
gas-wells-are-leaking-by-stevenkotler.

[5] MICHAELIDES E E. Future directions and cycles for electricity
production from geothermal resource[J]. Energy Conversion &
Management, 2016, 107: 3-9.

[6] ZRtH], £LUA, BAE T EFTRRIR BRI ) KA R 2 ()], RIR
K Tolk, 2008, 28(1): 149-153.

LI Jingming, WANG Hongyan, ZHAO Qun. Potential and pro-
spects on new energy sources in China[J]. Natural Gas Industry,
2008, 28(1): 149-153.

[7] KANGM, KANNO C M, REID M C, et al. Direct measurements of
methane emissions from abandoned oil and gas wells in
Pennsylvania[J]. Proceedings of the National Academy of Sciences,
2014, 111(51): 18173-18177.

[8] JIANG Guangzheng, HU Shengbiao, SHI Yizuo, et al. Terrestrial
heat flow of continental China: updated dataset and tectonic implica-
tions[J]. Tectonophysics, 2019, 753: 36-48.

(9] Lk, i, Ged, 55 v ERRE L X KR BURIC 4 (1Y

FR[I]. HERYIHRA47, 2016, 59(8): 2892-2910.

JIANG Guangzheng, GAO Peng, RAO Song, et al. Compilation of

heat flow data in the continental area of China (4th edition)[J].

Chinese Journal of Geophysics, 2016, 59(8): 2892-2910.

XISEZE, FRE BRI T [T]. HuFAGE, 2001(4): 8-12.

LIU Yaojun. Research on Dongying geothermal resources[J]. Geo-

thermal Energy, 2001(4): 8-12.

DAVIS A P. Geothermal power production from abandoned oil

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

wells[D]. San Antonio: The University of Texas at San Antonio,
2009.

WANG Shejiao, YAN Jiahong, LI Feng, et al. Exploitation and Util-
ization of Oilfield Geothermal Resources in China[J]. Energies,
2016, 9(10): 798-811.

NIAN Yongle, CHENG Wenlong. Insights into geothermal utiliza-
tion of abandoned oil and gas wells[J]. Renewable and Sustainable
Energy Reviews, 2018, 87: 44-60.

KUJAWA T, NOWAK W, STACHEL A A. Analysis of the exploit-
ation of existing deep production wells for acquiring geothermal en-
ergy[J]. Journal of Engineering Physics and Thermophysics, 2005,
78: 127-135.

KUJAWA T, NOWAK W, STACHEL A A. Utilization of existing
deep geological wells for acquisitions of geothermal energy[J]. En-
ergy, 2006, 31(5): 650-664.

DAVIS A P, MICHAELIDES E E. Geothermal power production
from abandoned oil wells[J]. Energy, 2009, 34(7): 866-872.
CHENG Wenlong, LI Tongtong, NIAN Yongle, et al. Studies on
geothermal power generation using abandoned oil wells[J]. Energy,
2013, 59: 248-254.

CHENG Wenlong, LI Tongtong, NIAN Yongle, et al. Evaluation of
working fluids for geothermal power generation from abandoned oil
wells[J]. Applied Energy, 2014, 118: 238-245.

NOOROLLAHI Y, POURARSHAD M, JALILINASRABADY S,
et al. Numerical simulation of power production from abandoned oil
wells in Ahwaz Oil Field in Southern Iran[J]. Geothermics, 2015,
55:16-23.

CAULK R, TOMAC I. Reuse of abandoned oil and gas wells for
geothermal energy production[J]. Renewable Energy, 2017, 112:
388-397.

BEE S, WA, FRLLAG. I Z i I R v Fr R R B 1)
(AL [7]. KIARESAR, 2017, 38(2): 386-392.

LIANG Changwen, CHEN Ke, ZHENG Hongmei. Numerical si-
mulation of exploiting geothermal energy using abandoned oil well
and hot cavity[J]. Acta Energiae Solaris Sinica, 2017, 38(2):
386-392.

KOHL T, BRENNI R, EUGSTER W. System performance of a
deep borehole heat exchanger[J]. Geothermics, 2002, 31: 687-708.
WESTPHAL D, WEIJERMARS R. Economic appraisal and scop-
ing of geothermal energy extraction projects using depleted hydro-
carbon wells[J]. Energy Strategy Reviews, 2018, 22: 348-364.
Wie, SErhl . R i o T R D s (7). RS O,
2007, 27(1): 47-50.

ZHEN Hua, MO Zhonghao. Methods for transforming abandoned
oil well into geothermal well[J]. Gas & Heat, 2007, 27(1): 47-50.
TR, TRE, EEE. b R RHERE AT (1] A4
K2, 2009, 31(H T 1): 93-95, 100.

WEI Yazhen, WANG Fenggqing, REN Baoyu. Drainage and produc-
tion by using geothermal in Huabei oil region[J]. Oil Drilling & Pro-
duction Technology, 2009, 31(supplement 1): 93-95, 100.

LIU Xiaolei, FALCONE G, ALIMONTI C. A systematic study of
harnessing low-temperature geothermal energy from oil and gas
reservoirs[J]. Energy, 2018, 142: 346-355.

AR, SREUVE, S8 T, 45 i 21 it rPR AR T A fE
I [3]. RIRA T, 2006, 26(5): 1-4.

LI Dengwei, ZHANG Lichui, GUO Liaoping, et al. Alternative and
renewable energies of China in the 21st Century[J]. Natural Gas In-
dustry, 2006, 26(5): 1-4.

A, B, BRI, A5 RS 2O S R I EOR A A


http://dx.doi.org/10.1016/j.renene.2011.10.009
http://www.zcommunications.org/abandoned-oil-and-gas-wells-are-leaking-by-stevenkotler
http://www.zcommunications.org/abandoned-oil-and-gas-wells-are-leaking-by-stevenkotler
http://dx.doi.org/10.3787/j.issn.1000-0976.2008.01.044
http://dx.doi.org/10.3787/j.issn.1000-0976.2008.01.044
http://dx.doi.org/10.3787/j.issn.1000-0976.2008.01.044
http://dx.doi.org/10.1073/pnas.1408315111
http://dx.doi.org/10.1016/j.tecto.2019.01.006
http://dx.doi.org/10.6038/cjg20160815
http://dx.doi.org/10.6038/cjg20160815
http://dx.doi.org/10.3390/en9100798
http://dx.doi.org/10.1016/j.rser.2018.02.004
http://dx.doi.org/10.1016/j.rser.2018.02.004
http://dx.doi.org/10.1007/s10891-005-0038-1
http://dx.doi.org/10.1016/j.energy.2005.05.002
http://dx.doi.org/10.1016/j.energy.2005.05.002
http://dx.doi.org/10.1016/j.energy.2009.03.017
http://dx.doi.org/10.1016/j.energy.2013.07.008
http://dx.doi.org/10.1016/j.apenergy.2013.12.039
http://dx.doi.org/10.1016/j.geothermics.2015.01.008
http://dx.doi.org/10.1016/j.renene.2017.05.042
http://dx.doi.org/10.1016/S0375-6505(02)00031-7
http://dx.doi.org/10.1016/j.esr.2018.10.008
http://dx.doi.org/10.3969/j.issn.1000-4416.2007.01.013
http://dx.doi.org/10.3969/j.issn.1000-4416.2007.01.013
http://dx.doi.org/10.1016/j.energy.2017.10.058
http://dx.doi.org/10.3321/j.issn:1000-0976.2006.05.001
http://dx.doi.org/10.3321/j.issn:1000-0976.2006.05.001
http://dx.doi.org/10.3321/j.issn:1000-0976.2006.05.001
http://dx.doi.org/10.3321/j.issn:1000-0976.2006.05.001
http://dx.doi.org/10.1016/j.renene.2011.10.009
http://www.zcommunications.org/abandoned-oil-and-gas-wells-are-leaking-by-stevenkotler
http://www.zcommunications.org/abandoned-oil-and-gas-wells-are-leaking-by-stevenkotler
http://dx.doi.org/10.3787/j.issn.1000-0976.2008.01.044
http://dx.doi.org/10.3787/j.issn.1000-0976.2008.01.044
http://dx.doi.org/10.3787/j.issn.1000-0976.2008.01.044
http://dx.doi.org/10.1073/pnas.1408315111
http://dx.doi.org/10.1016/j.tecto.2019.01.006
http://dx.doi.org/10.6038/cjg20160815
http://dx.doi.org/10.6038/cjg20160815
http://dx.doi.org/10.3390/en9100798
http://dx.doi.org/10.1016/j.rser.2018.02.004
http://dx.doi.org/10.1016/j.rser.2018.02.004
http://dx.doi.org/10.1007/s10891-005-0038-1
http://dx.doi.org/10.1016/j.energy.2005.05.002
http://dx.doi.org/10.1016/j.energy.2005.05.002
http://dx.doi.org/10.1016/j.energy.2009.03.017
http://dx.doi.org/10.1016/j.energy.2013.07.008
http://dx.doi.org/10.1016/j.apenergy.2013.12.039
http://dx.doi.org/10.1016/j.geothermics.2015.01.008
http://dx.doi.org/10.1016/j.renene.2017.05.042
http://dx.doi.org/10.1016/S0375-6505(02)00031-7
http://dx.doi.org/10.1016/j.esr.2018.10.008
http://dx.doi.org/10.3969/j.issn.1000-4416.2007.01.013
http://dx.doi.org/10.3969/j.issn.1000-4416.2007.01.013
http://dx.doi.org/10.1016/j.energy.2017.10.058
http://dx.doi.org/10.3321/j.issn:1000-0976.2006.05.001
http://dx.doi.org/10.3321/j.issn:1000-0976.2006.05.001
http://dx.doi.org/10.3321/j.issn:1000-0976.2006.05.001
http://dx.doi.org/10.3321/j.issn:1000-0976.2006.05.001

% 48 % % 6 4

Rk BT RTT A ARIK G LR

e 7

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[T, 459 TR 48 TA2), 2016, 43(6): 18-21.

DONG Qiusheng, HUANG Xianlong, LANG Zhenhai, et al. Tech-
nical analysis on transforming abandoned oil well into geothermal
well[J]. Exploration Engineering (Rock & Soil Drilling and Tunnel-
ing), 2016, 43(6): 18-21.

KUREVIJA T, VULIN D. High enthalpy geothermal potential of
the deep gas fields in Central Drava Basin, Croatia[J]. Water Re-
sources Management, 2011, 25(12): 3041-3052.

REYES A G. Abandoned oil and gas wells: a reconnaissance study
of an unconventional geothermal resource[R]. Lower Hutt, New
Zealand: GNS Science, 2007.

BARBACKI A P. The use of abandoned oil and gas wells in Poland
for recovering geothermal heat: proceedings of World Geothermal
Congress 2000, Kyushu-Tohoku, Japan, May 28-June 10, 2000[C].
LUND J W, FREESTON D H, BOYD T L. Direct utilization of
geothermal energy 2010 worldwide review[J]. Geothermics, 2010,
40(3): 159-180.

CHENG Wenlong, LIU Jian, NIAN Yongle, et al. Enhancing geo-
thermal power generation from abandoned oil wells with thermal
reservoirs[J]. Energy, 2016, 109: 537-545.

GHARIBI S, MORTEZAZADEH E, HASHEMI A B S J, et al.
Feasibility study of geothermal heat extraction from abandoned oil
wells using a U-tube heat exchanger[J]. Energy, 2018, 153:
554-567.

GEHLIN S E A, HELLSTROM G, NORDELL B. The influence of
the thermosiphon effect on the thermal response test[J]. Renewable
Energy, 2003, 28(14): 2239-2254.

GHOREISHI-MADISEH S A, HASSANI F P, AI-LKHAWAJA M J.
A novel technique for extraction of geothermal energy from aban-
doned oil wells[R]. American Solar Energy Society, 2013.
TEMPLETON J D, GHOREISHI-MADISEH S A, HASSANI F, et
al. Abandoned petroleum wells as sustainable sources of geotherm-
al energy[J]. Energy, 2014, 70: 366-373.

Geo-Heat Center, Oregon Institute of Technology. Hot springs pow-
er & ice[J]. Geo-Heat Center Quarterly Bulletin, 2006, 27(3): 1-18.
YANG Yi, HUO Yaowu, XIA Wenkai, et al. Construction and pre-
liminary test of a geothermal ORC system using geothermal re-
source from abandoned oil wells in the Huabei oilfield of China[J].
Energy, 2017, 140: 633-645.

SALEH B, KOGLBAUER G, WENDLAND M, et al. Working flu-
ids for low-temperature organic Rankine cycles[J]. Energy, 2007,
32(7): 1210-1221.

ZHANG Shengjun, WANG Huaixin, GUO Tao. Performance com-
parison and parametric optimization of subcritical organic rankine
cycle (orc) and transcritical power cycle system for low-temperat-
ure geothermal power generation[J]. Applied Energy, 2011, 88(8):
2740-2754.

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

TEMPESTI D, MANFRIDA G, FIASCHI D. Thermodynamic ana-
lysis of two micro CHP systems operating with geothermal and sol-
ar energy[J]. Applied Energy, 2012, 97: 609-617.

EBRAHIMI M, TORSHIZI S E M. Optimization of power genera-
tion from a set of low-temperature abandoned gas wells, using or-
ganic rankine cycle[J]. Journal of Renewable & Sustainable Energy,
2012, 4(6): 866-872.

ANGRISANI G, DIGLIO G, SASSO M, et al. Design of a novel
geothermal heating and cooling system: Energy and economic ana-
lysis[J]. Energy Conversion and Management, 2016, 108: 144—159.
NIAN Yongle, CHENG Wenlong. Evaluation of geothermal heat-
ing from abandoned oil wells[J]. Energy, 2018, 142: 592-607.
TORRES L, YADAV O P, KHAN E. A review on risk assessment
techniques for hydraulic fracturing water and produced water man-
agement implemented in onshore unconventional oil and gas pro-
duction[J]. Science of the Total Environment, 2016, 539: 478-493.
GREGORY K B, VIDIC R D, DZOMBAK D A. Water manage-
ment challenges associated with the production of shale gas by hy-
draulic fracturing[J]. Elements, 2011, 7(3): 181-186.

KIAGHADI A, SOBEL R S, RIFAI H S. Modeling geothermal en-
ergy efficiency from abandoned oil and gas wells to desalinate pro-
duced water[J]. Desalination, 2017, 414: 51-62.

KISS A A, FLORES L S J, INFANTE F C A. Towards energy effi-
cient distillation technologies — making the right choice[J]. Energy,
2012, 47(1): 531-542.

DUONG H C, COOPER P, NELEMANS B, et al. Evaluating en-
ergy consumption of air gap membrane distillation for seawater de-
salination at pilot scale level[J]. Separation and Purification Techno-
logy, 2016, 166: 55-62.

BENNETT K. Power generation potential from coproduced fluids in
the Los Angeles Basin[D]. Stanford, California: Stanford Uni-
versity, 2012.

WANG Kai, LIU Junrong, WU Xingru. Downhole geothermal
power generation in oil and gas wells[J]. Geothermics, 2018, 76:
141-148.

F o7 W, BOCH, EOCR . TIGEIRGE I TR r B S HEOR W]
FTHEBETE (7], BTREVRIERE, 2017, 5(6): 426-434.

JIANG Fangming, HUANG Wenbo, CAO Wenjiong. Mining hot
dry rock geothermal energy by heat pipe: conceptual design and
technical feasibility study[J]. Advances in New and Renewable En-
ergy, 2017, 5(6): 426-434.

CHENG S W Y, KURNIA J C, SASMITO A P, et al. The effect of
triangular protrusions on geothermal wellbore heat exchanger from
retrofitted abandoned oil wells[J]. Energy Procedia, 2019, 158:
6061-6066.

[ 4AXF]


http://dx.doi.org/10.1007/s11269-011-9789-y
http://dx.doi.org/10.1007/s11269-011-9789-y
http://dx.doi.org/10.1007/s11269-011-9789-y
http://dx.doi.org/10.1016/j.energy.2016.05.009
http://dx.doi.org/10.1016/j.energy.2018.04.003
http://dx.doi.org/10.1016/S0960-1481(03)00129-0
http://dx.doi.org/10.1016/S0960-1481(03)00129-0
http://dx.doi.org/10.1016/j.energy.2014.04.006
http://dx.doi.org/10.1016/j.energy.2017.09.013
http://dx.doi.org/10.1016/j.energy.2006.07.001
http://dx.doi.org/10.1016/j.apenergy.2011.02.034
http://dx.doi.org/10.1016/j.apenergy.2012.02.012
http://dx.doi.org/10.1016/j.enconman.2015.11.001
http://dx.doi.org/10.1016/j.energy.2017.10.062
http://dx.doi.org/10.1016/j.scitotenv.2015.09.030
http://dx.doi.org/10.2113/gselements.7.3.181
http://dx.doi.org/10.1016/j.desal.2017.03.024
http://dx.doi.org/10.1016/j.energy.2012.09.038
http://dx.doi.org/10.1016/j.seppur.2016.04.014
http://dx.doi.org/10.1016/j.seppur.2016.04.014
http://dx.doi.org/10.1016/j.seppur.2016.04.014
http://dx.doi.org/10.1016/j.geothermics.2018.07.005
http://dx.doi.org/10.3969/j.issn.2095-560X.2017.06.003
http://dx.doi.org/10.3969/j.issn.2095-560X.2017.06.003
http://dx.doi.org/10.3969/j.issn.2095-560X.2017.06.003
http://dx.doi.org/10.3969/j.issn.2095-560X.2017.06.003
http://dx.doi.org/10.1016/j.egypro.2019.01.511
http://dx.doi.org/10.1007/s11269-011-9789-y
http://dx.doi.org/10.1007/s11269-011-9789-y
http://dx.doi.org/10.1007/s11269-011-9789-y
http://dx.doi.org/10.1016/j.energy.2016.05.009
http://dx.doi.org/10.1016/j.energy.2018.04.003
http://dx.doi.org/10.1016/S0960-1481(03)00129-0
http://dx.doi.org/10.1016/S0960-1481(03)00129-0
http://dx.doi.org/10.1016/j.energy.2014.04.006
http://dx.doi.org/10.1016/j.energy.2017.09.013
http://dx.doi.org/10.1016/j.energy.2006.07.001
http://dx.doi.org/10.1016/j.apenergy.2011.02.034
http://dx.doi.org/10.1016/j.apenergy.2012.02.012
http://dx.doi.org/10.1016/j.enconman.2015.11.001
http://dx.doi.org/10.1016/j.energy.2017.10.062
http://dx.doi.org/10.1016/j.scitotenv.2015.09.030
http://dx.doi.org/10.2113/gselements.7.3.181
http://dx.doi.org/10.1016/j.desal.2017.03.024
http://dx.doi.org/10.1016/j.energy.2012.09.038
http://dx.doi.org/10.1016/j.seppur.2016.04.014
http://dx.doi.org/10.1016/j.seppur.2016.04.014
http://dx.doi.org/10.1016/j.seppur.2016.04.014
http://dx.doi.org/10.1016/j.geothermics.2018.07.005
http://dx.doi.org/10.3969/j.issn.2095-560X.2017.06.003
http://dx.doi.org/10.3969/j.issn.2095-560X.2017.06.003
http://dx.doi.org/10.3969/j.issn.2095-560X.2017.06.003
http://dx.doi.org/10.3969/j.issn.2095-560X.2017.06.003
http://dx.doi.org/10.1016/j.egypro.2019.01.511
http://dx.doi.org/10.1007/s11269-011-9789-y
http://dx.doi.org/10.1007/s11269-011-9789-y
http://dx.doi.org/10.1007/s11269-011-9789-y
http://dx.doi.org/10.1016/j.energy.2016.05.009
http://dx.doi.org/10.1016/j.energy.2018.04.003
http://dx.doi.org/10.1016/S0960-1481(03)00129-0
http://dx.doi.org/10.1016/S0960-1481(03)00129-0
http://dx.doi.org/10.1016/j.energy.2014.04.006
http://dx.doi.org/10.1016/j.energy.2017.09.013
http://dx.doi.org/10.1016/j.energy.2006.07.001
http://dx.doi.org/10.1016/j.apenergy.2011.02.034
http://dx.doi.org/10.1016/j.apenergy.2012.02.012
http://dx.doi.org/10.1016/j.enconman.2015.11.001
http://dx.doi.org/10.1016/j.energy.2017.10.062
http://dx.doi.org/10.1016/j.scitotenv.2015.09.030
http://dx.doi.org/10.2113/gselements.7.3.181
http://dx.doi.org/10.1016/j.desal.2017.03.024
http://dx.doi.org/10.1016/j.energy.2012.09.038
http://dx.doi.org/10.1016/j.seppur.2016.04.014
http://dx.doi.org/10.1016/j.seppur.2016.04.014
http://dx.doi.org/10.1016/j.seppur.2016.04.014
http://dx.doi.org/10.1016/j.geothermics.2018.07.005
http://dx.doi.org/10.3969/j.issn.2095-560X.2017.06.003
http://dx.doi.org/10.3969/j.issn.2095-560X.2017.06.003
http://dx.doi.org/10.3969/j.issn.2095-560X.2017.06.003
http://dx.doi.org/10.3969/j.issn.2095-560X.2017.06.003
http://dx.doi.org/10.1016/j.egypro.2019.01.511

