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Abstract

During the operation of a geothermal power plant, a decrease in the flow rate and temperature of
geothermal water due to scaling and reservoir issues can affect system performance and economics.

To accurately predict the electricity generation of the power plant, this study couples various physical

models, including reservoir, thermodynamic, turbine, and economic models, to conduct performance

and economic evaluations of the power plant.



- F R R
(- )B 2 p ch

TAERDIRACAER A X NA 2 ZRAFEFTE A PR RO REP B
o 517?4;% RS AR O WE R I EEA A ZIERLEFLRoD R 2
TR e Megig >k HoP 2 - {2015&ﬁﬂ'er$f%fx;Jagz 2T R REFRY 4
é’u}_ﬁili” RAZE 2°C > UGN AR Y A AW 1.5°C - 21 PR 0 37 S MRS
BV R F M e BRI > R IR fre B¥ 0 A COP26 i i1 T par
FFFEE T BRI E REH R R R o

PR 2 BB LR STRE Y R AR RIS R hit L4
R AEFRBBZNBR VT AEAL EFNY DIV RS R SREE B AL
FHRGRE AL R BRI FHFEER T RE F L D3F S BEL o Stltan ¥ A [1]45
TRACO e G AE (77 vl BB RF T RIS ot o2 -
FPFH T4 A LCOE enficie» # i< - Anderson % A [2]E 72 7 1995 & 3 2020 & 3= #i it ik
EWEL oA ER  FRELRDERTFEHFFH > c EN 2P T FED83% -

oA IR S TENEF L o AeB] LT ot FF S AR AR A oA £ H

‘;l}‘?‘”' "'KI—’J’J"‘H J\J.v s J\J.r,r.fhﬁl 3 fﬁ%rﬁ%?&‘b?)}a’ ['; ;'§%¢%§%sb/)§lm— -‘—'J‘l__"[?)]o
PALHE B R R B m;f;:w CETRET ARG .;eg Fr Fk B 2 REE o ol

2 95R o AP AR 2022 £ TS 2050 EE R RRELEE R B Ep  HP BT
EGS ~ AGS % L #u8 7 Hpr> E 1% F #aceap $£[4] -

h 2R 717K B AE 3% W EE R i

' 4
=
_— | emgm
(SFIERNE) 76% 20~-40% <30%
Bl &% & ] ]
P ] £ B ]
RS = 2 ]
e = =
TR L | 73 .73
W1 2tk fAEs + §(S] B2 & 4R R F[6]

COP28 § iz ~ ¢ & 2023 & R 320 38w Lk > g3k ¢ & T 2025 # = \I-‘ﬁﬁ\#k’&
B T B KRBT AR ] SR s Fow g;iz'ﬁ TERFTRBEE R TG 155
BB FFTRR L0 T R @k 2R o € iR B (61T 200 T B RkEE B 2050 E R E R
B FRA R G AEL c SHRAAB LIRS IR LARL L F R R DR
;J%@gﬁ%ﬁﬁia&mgﬂ%~rz%’um 2HeF iE P P A TR <P
oo AR A TELRA S FARATRY G éﬂﬂﬁ*@%ﬁ&% FEFLPERR
# ¢4 1 THM ugg;aaé]ﬁfﬂﬁ“%frﬂjﬁv% VaTk 5 L2 F B G AMERT Y )”:Nﬁw AT R 59
LAy B 24 @FgET T ITL S i\ﬁ 4 Bgd e BT BRI RE T Fad x:‘_féf}*\
GRRAL o defle i B R AT REA R E kA o

BPRTRER P DR - BREEASE A el BT REY KT L ALRGF 2 B

4



B R & H P gp j\i&g BRI F S A 50%[7] 0 2 R EBEE 2§+ 5§ (Cornell
University) 747 7 BIFE*S 2013 £ & Gt B F FREZ G LA DM %> 4oF] 3 977 o
%ﬁﬁﬁﬂﬁp“***@iﬂﬂﬁK%maﬁ‘W@ﬂﬁﬁwﬁﬁﬁm%ﬁﬁéaﬁﬁﬁﬁﬁw
o T MEROYEON R TR 2 AR RS BT R EEEDF L RELET
Barbier[10]# % %ﬁ—’r Mo R B K chE TLE R R SR T dict & o Rybach[11]# § # g
?ﬁﬁmﬁ@’ié E€%¥T“’“ﬁm*ﬁ ERTEHE PR LA T B hd A
HR[12] 0 4o® 4%

o8 = = 05
1
300 production period recuperation period
a
=2 LR 00
-
°
L
g% <
5 =
= -3 Las
s 5
@2 10 2
2
[
&
] i
E
T 3
] / 1
E 1 15
o
g 5000 10000 15000 20000 25000 30000
S 1 1 ] | | i I
0 2000 4000 6000 8000 10000 = AR A A A PARR AR 20
Depth (meters) Tive [years] )

B 3 3 B2 iFrge = & B TR RI(8] Bl44A2FRGIEETT SR ERKRSEBI[12]

PAET AARGRIIEE G FR 2 AN RRES S o Aok i SR 2 AER 64
%ﬁ&@ﬁ%@ﬁﬁ%ﬁT%’ﬁBﬁlﬁﬁ@ﬁ?ﬁ%%#$£éﬂﬂ$m$%%?%%ﬁ
oo BE TG TR PR EET AR L 2 AR R AR Rl R F[13]
(Z)RFHE
1. BEERFHRTRETRIL

A ERA R RS TR L (04 5k BT R0 2021 B kAT LR
ol 5T e F A A A S FEM ACKE N TR G GERRETERMEY RS EY
A A TREERPFEEAANY ORN  FIAHEd 2 A2 L vy & DEHERY
TANS TARREAFT  ARBEEY VA - PRk td N OBE BT RREFREE
ﬁ@%%ﬁ%%«%%,ﬁﬁwﬁﬁﬁlﬁ%mﬁﬂﬁﬁm’4Lh%kéﬁ’é%%ﬁg
RN 10% SR AR KFEFHFT T 4o A 1980 # X 28 5F2% - MW
FARRTRFHFFERT LY G 0% Bk Ew R o e d g R T
BEER R RS TR R A o

|rﬂ

BT RN SN R R AR A el o R FRILE MR ED TR
BELF A HRFELH)Ed R4RE > FEI 28 FLFEF L EEFHIF - @R R
1L F R MERL F A BFRBEBRIITIHE I FHRURBEGF I RT T LEWE
9mﬁ@$@$%ﬁ4hﬁ$ﬁﬁbﬁ.&§$ﬁlﬁﬁ%£7éﬁﬁ’%$%?ﬁﬁﬁlm

v i 07 B



I Heat source

[/ Binary cycle

Expander Emmm Cooling source

Injection pump Condenser

Bl 5 F ks £ T For B

2 x’fr‘%f;li;w

AR RIS ’Ef:‘_'ifiii?-—*—\ LR E kR T LR wwmw
BT ORK R ﬁvmxw FERERT R EE T RS BB A L
T

(A R A rﬂIﬁ,? :fi-rff’% * COMSOL Multiphysics [14]:& % 3 #u & %@&xa #-A)
* A ’J\ 4~ 4% ( Thermo-Hydro-Mechanical, THM)#-%] &~ 4718 S 22 4 3 8 B el % >
Foripd g Ez E 5 BERTR A2 BURIE L XOMEEATRA 4 #0312 § > MATLAB * [15] -
E T E RN A AR (GlAe A B A RERE R)PRELSG S RS ER ,fﬁmﬂi LISE S
) :\:'@4 P B ISR FPEIEERER FEIFI T AR
148 & 3 #5 8 & 2 THM st‘f’*'J i/F W95 2. CFD (ANSY'S CFX[16])#c 6 #7422
flﬁiﬁ%” BA P i TRBLAERTEERY CEAE BB CALEPFRERT
i RAFEA o %"‘%11"5%\' B2 WITIEEEF4 AR R T ,ﬁ%9€,55%7 G B 1 ﬁ
FERICRBEZIIEE - H BB ot 1 &Y CFDPEFT 2488 > A&
EHE B IFERYRS 2 CFD #0487 3 ghplid > & % Zakplis. “*%ﬁﬁﬁé N S
(Artificial neural network, ANN)#-3] 2" 5 » & ANN 3] & 78] " PR ELPE 2 AR E S Bt
F 2 e o AT H ANN BEEERSS B SRR 2+ R EEE = K88 '“ff#' LR RS
A Eliﬁﬁfé_‘f EPE S SRR EERE T Rk SRR B g 2 o w2 AT B 4B 6 P o



Reservoir model (COMSOL)
* Darcy’s law " m) design condition
* Heat transfer in Porous Media 2 off-design condition
* THM model

* Mgeo
* Toro

ORC model (MATLAB) I

Thermodynamic method

Heat transfer model (Effectiveness of evaporator)
First and second law efficiencies

Economic model

» Net power output

« First law efficiency
- “x_ * Second law efficiency
1-=y+" « EPCpand PBP,

 Tooin S T |
* Pexpin * Wexp Pexp,in 1| | i * Wexp
* Pexp,out * MNexp,is '\\;/ :_J * Nexp,is
Expander model ANN model (MATLAB)
Aerodynamic moder’| « Back propagation
(MATLAB) Training « Activation function

data N

* Turbine geometry
3D model (CFX)
2023/R2

B 6 % 5k 47> BLE

v TEELELE
GRLET-E2 S =
* GBI FGE R K 56 COMSOL M #icie i > 222 = THM 53] - 4B 7 577 » %
PREEACERMT L AEAR o B 84T o BRI TR R AR R A S
PR M ARl AL AR RELTE R BB REE B A p s i
RAEE RE S E e F el R R[]

180 ! ! ! ! !

0 5 10 15 20 25 30
Time (year)

B 7 8 RER TR F R8s A 2 AR R TR F
1. ¥z St 4238 (Fluid flow governing equations) :
AL HEY & Lfi(Darcy slaw)fg st 2B R i3> BIER S R Z RS > B E T
Forfel e g T g > B AR AT S [17]

%(pLEr) +V- (var) =0Qm (1

Ar
v ==TVp, )



HPp 2 MR R 6 RBERIHIT Qniing v i e AP 227 2% & 3 (Darcy’s field
velocity) o
2. # g2 ip 423 (Heat transport governing equations) :
AFTE R 53t A £ @ (Porous heat transfer model)ﬁ WREE AR RS BB
ATRFEEF - B2 R TAE HEEBT G 475 © 7 P R A AT It
Feogid > 2o Z[19]:

aT
(pc,,)effa +pLCp V- VT + V- (—k,VT) = Q (3)

B Cy vk #T é?ﬂ)i’kré%%’%ﬁ@i%f‘ﬁﬁi’Q REE O pC BT
(Effective volume heat capacity) » > & sc#ff £ % % ¢ 5 [20] -

(pCp)eff = €.psCps + (1 —€)pLCp 4)

29 pst AHR - Cood AL R
3. 4 A2 ki 4755 (Mechanical deformation equations) :
3 #* F4 4 F (Solid mechanics)fs it 7 & & £ % %7/ (Rock deformation) > ¥+ % 34 4 B
g * M+ d £ < |2 (Conservation of linear momentum) » i i K A2~ B ~ 3553 fr d » b
AT E 0 BT 475N £ o1 5 [20] ¢
# ¢ oy E )& 4 (Total stress tensor) » F 484 (¥ * 4 (Body force) - JE% & =4 M k4 7 &
[20] -

gjj = %(uij + ;) (6)

# ¢ gy &4 & % (Total strain tensor) » u &_i># 4 & (Displacement componet) « % 4} & "L (Deformed
matrix)z 4 # B % (Constitutive relationship) % 7 5 [20]

aEAT
O-L'j = ZGEL']' + xekk6ij —ESU (7)

#¢ G ¥ E (Shearmodulus) > x % £+% ¥ #c(Lame constant) » §;; 5. % b 5 I fie(Kronecker
delta) » o 5 #4925 % #c(Thermal expansion coefficient) » E 3 1§ = #i-#ic(Young’s modulus) > AT 3
g & ’éj R ST > vh F Pt (Poisson’s ratio) °

TR B S Sk 2 kD i BB % % Song 4 [21] A I R B 4 1 i
%E‘* BB T g o HER S % 22 Song[21]F A Al B E B T aORER S R T e B 5% Ao
9 #177 o



510

Present model ~ Song et.al.
n Base case

505 |- [ —— Casel

500 -

-y -
s |
-
N e
T—
]
" .
-
-
-

Average production temperature (K)

480 | I PES ISP NP T VN [N PN THY S W0 [T (PRSP TSNP SR TR [ W Y VU VAN A Y W |
0 5 10 15 20 25 30
Time (years)

) ;ub,)g;g; é] ks )

(D) BERER S R
BRI G TR TR R T Bk 2 BT R B R R L 1 R

Mg o BRI F 3 T 2 LA o AFF L @ * NIST Refprop 9.0[22] 7 #L &
BB AR A R E 2 Pk B B A FER 102 Ts @l ¥t
BT 2 BRIE T

| k@ FEAEY SRR 8 #[23] -

1. vk Bii 2 B 50 ehs (4 [24] -

I &ovg 3 BB TR 8 500 308 B2 BRAF[25] -

Preheat . Evaporate .. superheat

Temperature("C)

Specific entropy(kJ/kg-K)
F 10 # #EHE T-s B
5B 10 2. T-s Bl > ko sip enx (i dl ¢ b | B R 4SBR I HB2E X ZHF B> 5
BL2 D RBEES RGN A BRSO EAG) B AR ) L S ERF B o )
fo BiF T ORUAR > W PEREEE S T RhEE 6 DB R ~ BB BT EILRT IR CER SRR Y
o BRI ZURPRE S SRR o LA BT T PERS T ﬁa?lﬂz o xhEL6 1 2k
R MR F L TR BT 4R T By T A R A ﬁg?]gj_ £

FEER A LB BB A S A 2 58 RERTR E SRS THCN -



%\ 1?’%11‘%75_}%\\‘«/{? l'+ l—-

Parameters Values
Npump 0.85
Nexp 0.9
TEnv(OC) 32
Tout,cs(oc) 37
Tpp,hs(oc) 5
Tpp,cs(oc) 5
Teva(°C) 100
Tin,hs(oc) 160
Tsuperheat(oc) 5
s (kg/s) 30
Working fluid R245fa
22MBERRL B
AAERETE Wp,elec = M/p = Moy X (hp,out — hp,in)
gen Ngen
.X:);? %%L R ‘fﬁ' ’—%— Qeva = mwf (heva,out - heva,in)
. . Wer
7‘][5%)@ T ]/Vexp = Myy (hexp,in - hexp,out) ===
Ngen
rARATETE Winj,elec = Winj,p = Tigeo X (hp,out — hp,in)
gen Ngen
Whet = VVexp W Wm}p
3 jb/g;ﬁ% '.:” 14 z _‘{—1;‘ Wnet
Nnet = 57—
Qeva
G VA s Tt A0 Kheiri & A [27] 4P o0 (R IE

FE b MERRZAI AL T
—rfq’gc%flgwgw B dodk 3977 o B AT Ak ket Kheriri & A L A ee 4 oo

3O3R BEUEIR L A BE AT

Present study

Kheiri et al.[27]

Deviation (%)

Parameters

1,y (kg/s) 61.05 61.1 -0.08

W oo (KW) 1480.9 1521 -2.64
Ny (%) 10.94 11.1 -1.49

10



(Z)FEwmEa i s =
EFERERR LT FASRERTEBL N T ED > SRS R ERE S
2_F A 3R B ,ﬁ%ﬁﬁ el = A E }»f,ﬁ%ag IE M 2 H At Kgmgﬁ B o doynd

G~ 4 hlics £ B R 2 B ond o 2P I T 2 R
RSt i 2 [28]% 1 E A[29] ¢
BT )
~1/2
a)QWf
Wg = —77 8
S andt ®
B T
pan}/*
DS - 1/2 (9)
wa
H¥ D 3EMEID 0 QupR Ay B3 B 1 (RIS 2 B RET a2

19952 20 0) B g % & 54 2 (28] ¢ rik e B RE LB A > A 2 AR D
PP EHEF fhe FERUER o 8- H T E RN THEEM FHRL I E RN E
R S B T RI[28] KR G R RS IR o

AR AR B 2 B RONE S S R 0 % R ROR 2 A 2
fe » BT g ﬁ\ GfcAonds i TR $he @ R E Z0iE T > 35 3 Matlab T\ﬁ¢/,‘§%’i€ K H%

R BT AR R W /)’5%’3? RS R B N TR
BT N 2 Rt B E 2 AR 23 2 ey iAo T

B ETE16]

mwf = p1A1Cix = p2A305 = p3A3Csy (10)
ie & F e E[16]

Q=W =ity [(hs — b)) +35(C3 = V) + g(Zs — 21)| (11)

Y F =m(Cxz — Cy1) (12)

AP UpaEF2To%EdR CLEeHER > THI132 048520 ~dir 225 o

b A M- MR AP LR ERE Y R BRI RS TR iR
THE RN A R RNEFS PG A Y KPR A LIFHREEIE 0 f1* ANSYS
CFX #f#= 4% f& (Reynolds-averaged Navier-Stokes equations, RANS):& {7 /i 54 17 % iff fa b
st B SR R B B AR BT k(a2 dihanodia
B AR B E AN E N AN B R AR N (High Resolutlon Scheme)
¥ on4 47 E_i¢ * Shear stress transport (SST)i# im o2 12 (7 4 47 » At Eingl 4 &8 4‘5%
MU SRR BRRIEE S MU ST RS AFFEI I e PR Stage(Mlxmg-
plate):& (7@ 4 » PRI RE_@ * i * 42 /i % (General Grid Interface, GGI)i& {718 £ -

CFD Rz B4 * 5 "UHAZfr- 2 BFH AR & % 13T 7= & Navier-Stokes * 4% ;%

11



[16] :
I Bl

L+ 7(pU) =0 ()
B g S fe s

WD+ 7(pU V) = ~Tp + 7 (19
A Al

a(%tt"t) — % + V(pUhio) = VAVT) + V(Ut) (5)

H P TE hyy s BB 4 5 (Stress tensor) 2 43,2 (Total enthalpy) e
() EEAd e Rl >
E R EIEIEHR 58 ANSYS CFX R f#4e1 (£ Jaﬁ,,, B E Bt oif h £ 5
FooRra S M iR % %i*a”’ Bt ant B FRE R B gt
ZF RILRLFE IR o BT A ek B 3 B ok .

AT G @ SpAY 5 e %3 (Artificial neural network, ANN) ANN 7 Fx B bt
MEA LT F R ARRERY LR FHEL ;% é](lnputlayer) SRR
(hidden layer) % %] | & (output layer) - £ # & {4 5~ 0 ik %\ - Qmmﬁt@, - ,;r,p & Hc
(activation function) > H ¥ & B:g i rmd ,.:‘;_;DJFK#%E — 4v J# ic(weight value) » Bk 4 4 55~ i
% 7% » ANN ﬁvfif;]ﬁﬁl ¥ 4oor 5[30] ¢

y = f(Zj wyx; + by) (16)
B fopipdi wjs%iBHEAEg | TB;%?]?‘ BEOEEEEE x5 4K ’bmﬁﬂ O
2binimiEE -
o I Biﬁ’-‘ﬁﬁﬁ?\ TEREE AT RS RITL ANN %‘;f“‘lﬁﬁl%])\ v 4o B 11 7o o B4
B FBFPEIE r TR R HURES IS 2 R BT Ao a WRE A T R EEF R
Ba st f’F‘Jﬁﬂ?ﬁ‘in‘L;_ﬂlz TR PR o~ v RS 2R TEL g Sl

LR EFR § LER

=) :

e

]

e

@

®
ol =~ =l
WEPA TR Py @

{ ] [ ) <] IR AL}

@

[

L

®

@

@

# 11 ANN #-3) ‘3‘%1‘#%‘1?5,‘5%“3‘%%&
EHI " ANN 4% ANSYS-CFX 3 5 jfthrcd » H BRI v & g Ry 5 2 o H
J%at s fe it 2 ANN A % & Rdolicdp(k p ANSYS-CFX % %)t $t it/ 03] o1
Brr it o SR 12 5 % % T ANN $573) 27 ANSYS-CFX 2. 4o 8icdf b #dp % v+ & » B ANN

12



WA ErRAPE B o

60 90

55 .

50 —180
—~ 45 .
oD &
2 40 —-70 Z

= =

‘g 35

30/ o — 60

25 .

L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L

20 50
350 355 360 365 370 375 380 385 390
Texp,in (K)

Bl 12 ANN 2 ANSYS $iifliz & ip#h & Fraf 2 0 )
(I )1F &-dcdy 47
Y@ 6 frit o A

#
H

N

24
el

R PR
FR?E -

) 'ezkl\]ﬂl\l’}’ﬁ—-‘wf‘ql ﬁt’i\,ﬁ?%% "E’}}‘&ﬁd‘liétirr _;!r » T A

7R

Bl 135 AEdl2 @A A ARSI RETRFAL AR

FEinFe ﬁ%‘] CIPERERERA CREF AR BRFVEES LA

§$$ » B fS I A A3EE EPC 2 PBP (S T4l 2 22 » KB %4 dk

AN AN A
Werv Mr Mis,

Caleulated eneray and exergy
cfficiencies

75

e

Wpear g 01 W,

\lﬂ 10y = Gy * T = 011

1 Ggun > Gy * Tova + 14

power X WIS

1
" r
Summatien net suiput ‘ | Investment cost |<| _4 foma model based
|

Output data
A Wik, PGy PBE,

Bl 13 B8 % 5uA 47 2 in 2R

13

EHAL - EERBEN EFH 2 AR R R FRA RN D
%@%@ﬁiﬁ,fi‘fw?%—\&i\iﬁ ERT2LHRRE % T A AEPC)Z w fc & *YPBP) - #

E

Ci



AR BERERLHAS AR ES (F ke RAREE S B

g 2 7 (kW) 1321
i BT F (%) 11.97
P s:é T £ (kW) 1262
&k B (%) 10.37
iR S BK T Rl S
R AT -k HIRAE K
2 (kg/s) 30 2 (kg/s) 476.53
* R 160 R} 32
i} 72.03 Mg 37
(kW) 11100 ## £ (kW) 9936
A BT S AR E L T Sk
EARE P i R245fa AR E i) R245fa
Z3RR(CC) 100 s i}iiﬁ’_ A (°C) 42
Fe 3 @ 4 (kPa) 1264 B R (°0) 61.08
B R (°0) 427 J B B (°C) 42
iR & (°0) 105 %R 4 (kPa) 267.40
B (kg/s) 49.89 % 4= 75 (kPa) 59.22

g 30 £ 3 TR 5 1262kWXT460 -] pF/& x30 £ > & FE R 5 ok F R
i%vuﬂiﬁl%%w Pt F i BRGER Y 30 £ L E 0 Y RN RERY
3

2&%4?§mﬁﬁﬁgﬂ%%ﬂ’ﬁﬂmm%%*ﬂé1%%W’%&ﬁﬁéﬂ£#im

4 Fiea T HF BT HR AR E BB AR S
AN F A § m%%bﬁ’vk%ﬁ%iém&m%“°@l4a
g o Bk B2 A iF S

SEETEELERAEFIR -

R e i EF R B =

Bd HipTE

#48 COMSOL 274 AR R~ 47 > 195 @ 14 0
§’f xzf%hf“%“‘l\?tmaf‘ﬂﬁ’“llgm_}i—"‘nﬁﬁ”
ERQ 5o BOKAGER Y RRE R 2 AR

140 —a— 1, =20 kg/s—
—— 1f 30 kg
P 40 kgl
npob— L v L b
5 10 15 20 25 30

Time (years)
Bl 14 22K FREE L AR R PP D
14



A ARART L%%%%&é‘:mﬁﬂ@ﬁﬁ Lo s BEE BT R A RIERER D
et o SEFAAMATE  BRRY LFRIERT L B e T
Bl 15907 > KB EH i%%%Faﬁnﬁéiﬁaﬁ@ﬂoﬁv’ﬁﬁiéﬁ BET
x§,/ﬁ%5§ugﬁ§;\r§v_ g—r@,@fﬁdﬁg:; “i?fi“%f'ﬁ"

' T ' T ' T T
1300 -
1100 — -
s ]
2 900 |- .
3 L ]
700 - ,
500 -

| | | |

360 364 368 372 376 380
Tin (K)

Bl 15 RS~ R R 4 ot 2 BB

Bl 16 53 T AGE FERY 0 2 AE R RE NI BE > § h ARG

MET o RRIER RS FI2 AR AT 0 RAUUE N TR RE e~ REERE B gocd

R e A RE RIS P(R TR E) PR - ERRASTRER A 0 fRER BFL 2
EAT R RODEE O TR RBRTRT B %'ﬂﬁﬁ@ﬁﬁﬂo

Bl 17 5w R s gt 8 et L B B REETR G {%%L4a A &

5

o

mET R T 21 T'F‘iﬁ*ﬁ' CFt AR R EREARY 1 ,g;,,igﬂ;‘rg e SEE R AR
BRERE A N A Wf ?ﬁl%&$&§*@41%fﬂﬁ4’kﬁﬁj
ANN -3 7 3% h e 7 g it TR R L EIR T SR R RO E S R
AR SR T EER
84 \ I \ \ 1400
[ | 1200 |-
& & 1000 -
S—E BO 800 -~ — - m=49.92kgls
L ——B— m=47.40kgls
600 — ——e—— m=45.46kg/s _|
——o—— m=43.51kgls
[ e m=4156kg/s |
gsl 1 v 11 1 qool L o 11
5 0 15 20 25 30 4000 6000 8000 10000 12000 14000 16000
Time (years) N (rpm)
Bl 16 2 A8 R R R IR P 2 P Bl 1748 3 b 2 B0 48
Bl I8 Ay #RFENFHEN AR AR E RFDFERFTURFATRFTE
Ao T & a@ww:m«m?£m$@@%2§<QWﬁ%4CT4 BETHRERES
Yol 14 97m) e Flpt o RiEfAKRT o R A ARRTHEE S REFAAZERET LKA ETR

Wi VR RS RATRER

15



1600 —

1200

800

Wis (kW)

400 -

‘ ‘ ‘ ‘ ‘
5 10 15 20 25 30
Time (years)

Bl18 HEKTEAIHN IAFTEL

“
*“?3
=g

PETREEIRERY >+ HRE g"‘ FPRGE TR FT o B kRS 6T
FIeR ) ERPEPNTE c AP FEEE MARTE R FHIRSE 0 B AR E R A
S d S BIEH A AR APPSR 20 7 o FMBRR PRI T AR T H
RARAGE R EE A RE O REBCREARS > - MEFF T RIAEE FARER T
19 .

AEBFEFE L BEINE g 2 HA A, Fig- HHE EPC 2 PBP s 4o 19 #77 o
FEinF TR EPC 2 PBP chE & $odic > % F 'g M HGK L E 4%+ EPC 22 PBP T %
05 R e (B 4 RCRIR R ARG B0 ) T RF AT R 6 F K (3 oy
TE o RELR 18 F 'ﬁ NBEALFERFTZHFRTERIFARR S 0 R EPC 2 PBP A
EOESECE 2

14.00 35.00
12.00 31.52 30.00
~—~
_.10.00 2500 &£
< 20.36 5]
2 800 17.61 2000 ©
=< >
E{l N—r
S 6.00 1500 ~
a.
w400 10.00 M
o
2.00 5.00
0.00 0.00
20 kg/s 30 kg/s 40 kg/s
BN EPC = PBP
Bl 19 ¥ # K F &5 F 4 EPC 2 PBP 2 2 58
L

2& ES 7 ﬁ; rTj)F+>EL /rv--1 é&? it ia

Scenario Amhgeo(kg/s) Start year
0 0 0
1 0 0
2 1 10
3 1.5 10

16



D e e s L

160
—_ L 4
@)
<
155 — -
E Scenario 0
= L Scenario 1 b
Scenario 2
150 - Scenario 3
7 R A
5 10 15 20 25 30

Time (years)

Bl 20 & #okin g 71984 40 R PR

B 20 58 Bkt R R OHET fﬁi%%’éﬁﬁﬁﬁﬁﬁ%%%&%ﬁﬂiﬁ**
A B TR RPF T RAGTE o BB EIAF TR G FHED
FPE 7" ERBEARS R é\aé% » )4 Scenario 3 % 27 £ kA S 2 iE o

1600 7T T
1200 — -
g L b
<
_ 800 —
<) Scenario 0
= H Scenario 1 1
Scenario 2
400 -~ Scenario 3 N
oleer o bven i b bennn b

5 10 15 20 25 30
Time (years)

B2l 2R R IRHF T L2 F
B 22 ¥ #-kin B FIIHEPC 2 PBP 2 5> B5 ¥ Uk T F 38K EPC
% PBP 3§ 4e » 2 AL F] 5 T E AT g (oRl 21 4T o

12.00 20
176 18.13 18
10.00 16
" 14.15
= 14 &
E 8.00 fult
a1
% 6.00 12 2
&5 600 : 10 2
— o
8
E 400 /M
-
4]
2.00 4
2
0.00 0
Scenario 0 Scenario 1 Scenario 2 Scenario 3

B [PC PP

Bl 224 #-k it € % 134 EPC 2 PBP 2 F

LB FBERE C TRES OERASES S 22 - KRR RS

NS
B ARRH R PE B %*m%4ﬁl7ﬂuiﬁ%@%ﬁaﬂ®?%%%ﬁ
%

L AR R e ST R TG - e e s
R R 2 ghenlcdpip £ 7+ 0 7 ;@f;ﬁﬁ:@ SRR G BRI EBREE Bma o LA ooy
HM T b 20 BTN AL 3@ WG A i F R R P AL A IERGY

=T

17



FREFHZDREFT S RE ST 0 MBS L kSR P E R o
Z o~ TEAIRL P

PETRBEALEGFIREY LRy ppF By AR B 2 - SRR 2
ARBEMFLREIGCETEB TS >on P AR AR EHIRTETAL F737 LRGP F
HERERDREID AT OPE TR ET R E 19., AR PR LS ik
Fheiri AR LHARPRIDEAFZORE 22 2 RERLU - &3 BT
PRHERTRFLEIA I HEAE VTR AL f o BB )0 P RaZE T4 B %
-~ ETLARARVERTIE RV AL EIRFRVRFIZARAT é.%:ﬂu@wg&wu
TRINHBRTREE I A BB H B - B TR R E R ’,E’E%*li};,\? B #R

N
b=

DG P EATER S NER B E A v je A A chE *YPBP)E 7 4 & A(EPC) EHF T E
BER S AT SRRE - '\‘g\ﬁﬁpfleﬁmpdﬁ RS R R B2 e AN R {2
e AR A A fﬁ’ﬂ:;@ﬁi. HRER % o AARANRT o T SELL A £z )%J soaty,
(<) 4 B2 AERZ EE TP

“;FE\*

ZRFRATROFIAZE A A REERE ST R GEADP AN PIREEERT
FEIROFLE CLFEILIRETL N2 ARRENEERFLTES FEAFSD
ERHERIPROT S AEFREENG ALIE-

PEGERE RS AR FRDRR R MY RE ) R HAEE iR E 0 R
B ES R IR IR ey A e TR R R SRR B s
BERIUE BT R ’-&q’ﬁv\ﬂ*ﬁsm’}‘ F‘"’ T BT ARREE N ER T ER LA
i TR R R R M B T M EE R T E AN S S
NENEA AAE AR w g EL Ea EEF e Lﬁ—lﬁ{m’I-g'.fﬂi—é, o

(=) FAEF TR

L BRERE R LG iﬂﬁﬁﬁﬁibmiﬁﬁﬁﬁf%%’*&’%ﬁﬁF
AR/ SR R S A%PQ)J'%TFI% KR «;‘5%”% RS e T Y RdpRE R K 2
F-Be(b] 4% 3? CIVHEFZ ARV E A ARARE BN AR AARRNE
HERE LA AT o

(:—)’ ——/4“ if’{g’tr’

Db i@ Ay 5 € i s ¥ KRB q LB ARmE TR
(Nt 21 S A SR R S EE m;;,;_; PRRF o 20 A4 % S F i 2 R chiR g
B rp AOPRET SE R péﬁé%fr ARG THETHL MELEE2Z L AERE RS T SE

AEERA T ESEE oA AL BB ama'@*ﬁﬂ;sgwgﬂv '}, ?fﬁﬁﬂ{ié}ﬂ}ii@% .
MR EERT FRREHF LARF - TTREHEOFLTEER A3 LEF LR
FHERE M L EFALL DI AFEA* Ansys 59 CFX iﬁﬂtﬁﬂ VE SR 5 2 5 ANND
i * ANN @MFL%E/EJ Bk it 24 E > BFET R BATOLGS E o
T o~ TR %l?]& B i

(—))f% = [

hoE St S TR o A H A A ST F R R TR 2EEHE T
Heic %2 32GWe o M) 23 L P W R G OHBETES é:}g;#@i, # 31GWe fri § ¥ #

18



0.73GWe[32]> 2 P #i H £ % T3 £ &4 7T2MWe> it 7 2 F < B BFRBARR? > &
$?§%?ﬁﬁﬁha@%%@%°

AELW
o MR RER
o FIRTAEW AL
. ﬁ&ﬁm&&ﬁ‘ﬁ@ﬁﬁ*%
o BEBF—EXNERTIEERS
(98 3F)

St AERE

- {11]
. COEAMRFH-BAAHSHPIMEnT A -
TR e o GWEABHRELEHE—
o TGS R FERE R S

o EEHERMER : (TF - Bk

{edE - 8%

* BEAEHRERIETES « MAREE
e TEHIE  ARSEASETREINREE
o EEEHMATE  SRAS

Bl 23 #% T HA ~ 7 FI[31]

(=) % B it

A EBBE- 2T ETRERTRMEE LA ¢ P A2 ARR R Y kK
BEER LI NEDE T AP R ARRGRAR IR FEE AL RBE B
2 3F 2R :%_;:l Ak FSEERAES e EF TR uE £ E 0 EPC fr

0
o)
)
N4
B:10%

i
BN
EH
45&
,Qx

~\

AL REFE S ITEBB MRS ETF IR TREERTE BT
'U°$£%%~ﬂ}5##%’p;UEﬂﬂﬂ? waw@%%ﬁﬁwb&%Vﬁ#?ﬁﬁﬁyﬁﬁ
PO A TR T BTRE PR 0 Fls B R AR R &2 Bl s %*mﬂu’ﬁ
TRREFL M EFIRP H ELR F YR /#L:i’,&i)i%w&%\b”# BREIRT
oA EHREFT AL WP A FRURIEL TR R RRTH TR A LRI RS ’%"*
R AU A TR SHET R REERTE AT R G EHEF R
PFFEIBEFLAP I AR PRI RSB B 2 PR AR L R EHPRE LR
K- 284 PRICIALATIRC S4B EREE R ApdlgE - TR Al
LS BSIRIAE A RMEART o % 65 AL P EH N o

19



106 A LT LR

oo EB EETE ZFRE BERE
it Az
BRI R
TRRHAT FREE it
BRIk
SRR =
o SEARATE R
=ik BRERNEERE O
BReERE B
] P B SRT
REAESE
EERER
#5 WA
T A R Bt S SRS

T \J_T’r/,}]‘ﬁa

ER L 1 EEE

ot BAK e T ¢ 2R FH - H
K032 TR

PP BrmE 2 e g2 HUE2 2 /ESR

T WP EER o F AT BB AT
B~ HERS

20




AL FR

[1] M. Soltani, F. M. Kashkooli, M. Souri, B. Rafici, M. Jabarifar, K. Gharali and J. S. Nathwani.
“Environmental, economic, and social impacts of geothermal energy systems,”, Renew Sustain
Energy Rev, vol. 140, 110750, Apr. 2021.

[2] A. Anderson and B. Rezaie. “Geothermal technology: Trends and potential role in a sustainable
future,” Applied Energy, vol. 248, pp.18-34, Aug. 2019.

[3] Wang, C., Lu, Y., & Song, S. (2023). Geothermal feasibility analysis inside Yangmingshan
National Park, Taiwan. Geothermics, 116, 102834,

[4] &34 2050 7% FRRIE fok

[5] https://energyeducation.ca/encyclopedia/Geothermal energy

[6] https://today.line.me/tw/v2/article/ZaJ3v1O

[71 Bu, X.,Ma, W., & Li, H. (2012). Geothermal energy production utilizing abandoned oil and gas
wells. Renewable Energy, 41, 80-85.

[8] Beckers, K. F., Lukawski, M. Z., Reber, T. J., Anderson, B. J., Moore, M. C., & Tester, J. W. (2013,
February). Introducing GEOPHIRES v1. 0: Software package for estimating levelized cost of

electricity and/or heat from enhanced geothermal systems. In Proceedings, Thirty-Eighth
Workshop on Geothermal Reservoir Engineering, Stanford University, Stanford, California (Vol.
11).

[9] Kubota, H., Hondo, H., Hienuki, S., & Kaieda, H. (2013). Determining barriers to developing
geothermal power generation in Japan: Societal acceptance by stakeholders involved in hot
springs. Energy Policy, 61, 1079-1087.

[10] Barbier, E. (2001). Geothermal energy technology and current status: An overview. Renewable
and Sustainable Energy Reviews, 6(1-2), 3-65.

[11] Rybach, L. (2007, September). Geothermal sustainability. In Proceedings European Geothermal
Congress (Vol. 5).

[12] Rybach, L. (2003). Geothermal energy: sustainability and the environment. Geothermics, 32(4-
6), 463-470.

[13] Budisulistyo, D., Wong, C. S., & Krumdieck, S. (2017). Lifetime design strategy for binary
geothermal plants considering degradation of geothermal resource productivity. Energy
Conversion and Management, 132, 1-13.

[14] Introduction to COMSOL Multiphysics, [Online]. Available:
https://cdn.comsol.com/doc/5.5/Introduction ToCOMSOLMultiphysics.pdf

[15] J.M.D. Baez-Lopez and D.A.B. Villegas, “MATLAB® Handbook with Applications to
Mathematics, Science, Engineering, and Finance,” 1st ed, Chapman and Hall/CRC.

[16] ANSYS CFX-Solver Theory Guide, [Online].
https://www.researchgate.net/publication/321628826_Study_on_Design_of_Pressure_Chamber

in_a_Linear-

21


https://energyeducation.ca/encyclopedia/Geothermal_energy
https://today.line.me/tw/v2/article/ZaJ3v1O
https://cdn.comsol.com/doc/5.5/IntroductionToCOMSOLMultiphysics.pdf
https://www.researchgate.net/publication/321628826_Study_on_Design_of_Pressure_Chamber_in_a_Linear-Jet_Type_Air_Curtain_System_for_Prevention_of_Smoke_Spread/fulltext/5a29ec470f7e9b63e5353c2d/Study-on-Design-of-Pressure-Chamber-in-a-Linear-Jet-Type-Air-Curtain-System-for-Prevention-of-Smoke-Spread.pdf
https://www.researchgate.net/publication/321628826_Study_on_Design_of_Pressure_Chamber_in_a_Linear-Jet_Type_Air_Curtain_System_for_Prevention_of_Smoke_Spread/fulltext/5a29ec470f7e9b63e5353c2d/Study-on-Design-of-Pressure-Chamber-in-a-Linear-Jet-Type-Air-Curtain-System-for-Prevention-of-Smoke-Spread.pdf

Jet Type Air Curtain System for Prevention of Smoke Spread/fulltext/5a29ec470f7e9b63e
5353c2d/Study-on-Design-of-Pressure-Chamber-in-a-Linear-Jet-Type-Air-Curtain-System-for-

Prevention-of-Smoke-Spread.pdf

[17] M.D. Aliyu., and R.A. Archer, “Numerical simulation of multifracture HDR geothermal
reservoirs,” Renewable Energy, vol. 164, pp. 541-555, Feb. 2021.

[18] M.D. Aliyu, “Hot Dry Rock Reservoir Modelling,” University of Greenwich ,2018.

[19] D.A. Nield and A. Bejan, “Convection in porous media,” Berlin: Springer, 108 ,2006.

[20] T. Guo, F. Gong, X. Wang, Q. Lin, Z. Qu and W. Zhang. “Performance of enhanced geothermal
system (EGS) in fractured geothermal reservoirs with CO2 as working fluid,” Appl Therm Eng,
vol. 152, pp. 215-230, Apr. 2019.

[21] Song X., Shi Y., Li G., Yang R., Wang G., Zheng R., Lin J. and Lyu Z. Numerical simulation of
heat extraction performance in enhanced geothermal system with multilateral wells. Appl Energ
2018;218;325-37.

[22] E. Lemmon, M.L. Huber, and M.O. Mclinden, “NIST standard reference database 23: reference
fluid thermodynamic and transport properties-REFPROP version 9.0,” National Institute of
Standards and Technology, Standard Reference Data Program, Gaitherburg, USA, 2010.

[23] Song J., Li X. S., Ren X. D. and Gu C. W. Performance analysis and parametric optimization of
supercritical carbon dioxide (S-CO2) cycle with bottoming Organic Rankine Cycle (ORC).
Energy 2018;143;406-16.

[24] Fallah M., Mohammadi Z., and Mahmoudi S. S. Advanced exergy analysis of the combined S—
CO2/0ORC system. Energy 2022;241;122870.

[25] Song J., Gu C. W. and Ren X. Influence of the radial-inflow turbine efficiency prediction on the
design and analysis of the Organic Rankine Cycle (ORC) system. Energ Convers Manage
2016;123;308-16.

[26] Song J. and Gu C. W. Parametric analysis of a dual loop Organic Rankine Cycle (ORC) system
for engine waste heat recovery. Energ Convers Manage 2015;105;995-1005.

[27] Kheiri A., Feidt M. and Pelloux-Prayer S. Thermodynamic and economic optimizations of a waste
heat to power plant driven by a subcritical ORC (Organic Rankine Cycle) using pure or zeotropic
working fluid. Energy 2014;78;622-38.

[28] S.L. Dixon, B. Eng and C.A. Hall, “Fluid Mechanics and Thermodynamics of Turbomachinery,”
7 th ed. Published by Elsevier Inc, 2013.

[29] G. Macro and M. Vellini, “Turbomachinery Fundamentals, Selection and Preliminary Design,” 1
st ed, 2020.

[30] D. Ziviani, N. A. James, F. A. Accorsi, J. E. Braun and E. A. Groll. “Experimental and numerical
analyses of a 5 kWe oil-free open-drive scroll expander for small-scale organic Rankine cycle
(ORC) applications,” Appl Energ, vol. 230, pp. 1140-1156, Nov. 2018.

[31] https://scitechvista.nat.gov.tw/Article/C000003/detail?ID=0a6dae8d-649c-49a2-9253-
38ebdhl1a7640

22


https://www.researchgate.net/publication/321628826_Study_on_Design_of_Pressure_Chamber_in_a_Linear-Jet_Type_Air_Curtain_System_for_Prevention_of_Smoke_Spread/fulltext/5a29ec470f7e9b63e5353c2d/Study-on-Design-of-Pressure-Chamber-in-a-Linear-Jet-Type-Air-Curtain-System-for-Prevention-of-Smoke-Spread.pdf
https://www.researchgate.net/publication/321628826_Study_on_Design_of_Pressure_Chamber_in_a_Linear-Jet_Type_Air_Curtain_System_for_Prevention_of_Smoke_Spread/fulltext/5a29ec470f7e9b63e5353c2d/Study-on-Design-of-Pressure-Chamber-in-a-Linear-Jet-Type-Air-Curtain-System-for-Prevention-of-Smoke-Spread.pdf
https://www.researchgate.net/publication/321628826_Study_on_Design_of_Pressure_Chamber_in_a_Linear-Jet_Type_Air_Curtain_System_for_Prevention_of_Smoke_Spread/fulltext/5a29ec470f7e9b63e5353c2d/Study-on-Design-of-Pressure-Chamber-in-a-Linear-Jet-Type-Air-Curtain-System-for-Prevention-of-Smoke-Spread.pdf
https://scitechvista.nat.gov.tw/Article/C000003/detail?ID=0a6dae8d-649c-49a2-9253-38ebdb1a7640
https://scitechvista.nat.gov.tw/Article/C000003/detail?ID=0a6dae8d-649c-49a2-9253-38ebdb1a7640

[32] https://www.itri.org.tw/ListStyle.aspx?DisplayStyle=18 content&SitelD=1&MmmID=1036452
026061075714&MGID=654256506036016162

23


https://www.itri.org.tw/ListStyle.aspx?DisplayStyle=18_content&SiteID=1&MmmID=1036452026061075714&MGID=654256506036016162
https://www.itri.org.tw/ListStyle.aspx?DisplayStyle=18_content&SiteID=1&MmmID=1036452026061075714&MGID=654256506036016162



