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Fig. 1. The new ORC based tri-generation cycle in this
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Table 1. The input data in the Proton exchange membrane electrolyzer
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Table 2. Optimazation results in the ORC based tri-generation cycle
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Fig. 9. Effects of environment temperature on the hydrogen production, net output power, thermal efficiency, exergy efficiency and

heating in the ORC based tri-generation cycle
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Fig. 11. Effects of the evaporator temperature on the hydrogen production, net output power, thermal efficiency, exergy
efficiency and heating in the Kalina based tri-generation cycle
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Fig. 12. Effects of the pinch point temperature difference on the hydrogen production, net output power, thermal ef-
ficiency, exergy efficiency and heating in the Kalina based tri-generation cycle
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Fig. 13. Effects of turbine inlet pressure on the hydrogen [;roduction, net output power, thermal efficiency, exergy ef-
ficiency and heating in the Kalina based tri-generation cycle
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Fig. 14. Effects of power ratio on the hydrogen production, net output power, thermal efficiency, exergy efficiency and
heating in the Kalina based tri-generation cycle
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Table 4. Optimazation results in the Kalina based tri-generation cycle

(OC) ey e sbos alisee polae sly ainge polis

&9 5 dos Glasine [ouls (g 3lwaiugs b ol )by

V0 - V. Y. \Ye
\E. YW \Y. VY- (OC))ﬁslrLlilé‘L“
aY/) \aZial LATARY YYD (bar) o) 53959 ,Lad
\ V. \ V. (°C) Lsilulsl 255 slos s
TVEEY \ABOF \INZ41 \YABO (kW) Jils
VASA VWV AT 11y (kW) & > a5 5
FEI0Y fY YA yone (70) 5. ook
VNS YA VY FYIYY (%) 5,551 033
/A0 YIOA YIYVY VA8 (kg/hr) suds (39,000

YAFYY Gube)S ccele 1 p )5 ol V/A-0 (55,0 adgi cas o
ao slod ial38l ipince ol jo Ayl 4 ax g5 Lol o DlgelS
o e o e Gl al g sl ol (e S Gl el o S
Slatusn job 4 (Sl el Sde (pa )l (o Ty ()l 003k
JONPEERRERIE
G423 WY sles (6l ane @l lp iyl 90 amlia b
S LS (slinayt 15 s g5 s 07 e ke
o S s ) S (S5 390 g 5 (65,551 033
los g gy < gl aizmen bl o eIl sliney alS
0SSy by a6 aw o plass (ugend (54250 V0

40
35¢
s
., 300
4 i \
& ——Tye=150, Tg=140
25| —o—Tyes=140, Tg=130
—0—Tgee=130, Tg=120
X/ ——Taeo=120, Tg=110
ol—
15 20 25 30 35 40 45 50 55 60 65
Py [bar]

4552 65551 033 95 £ aie sbod 3 omye HLES pST N0 JSCE
LU 545 2 olwl pr ailam uddgi
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heat source on the exergy efficiency in the Kalina based
tri-generation cycle
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Fig. 16. The exergy destruction of system components in the ORC based tri-generation cycle
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Fig. 17. The exergy destruction of system components in the Kalina based tri-generation cycle

eSSl Gl al aw adgi (gam > 50 aib o pyo el oSy
P EP e LI sadlaiS g lalel (Sl (S ST
loey a5 4w olgi a3z lp S I wiliee 65,55
i SIS 55T lsl g s3SI (S S0l s iy LS
dw 50 S35 S O3 e Bl oo (63,551 GBS ke
lodas plos B Solas Gl g0 e 50 Sl Ja

b )l

(ol 03l &S ey Sl ie e odg sl e kil
g 1) i O3y LI sluey 4l aw ogi (gas =
033k slyls (1 STl Sl p Al aw 0y (G4 > riren WS oo
LS sliweyy alS 4w o0y 645 2 4 Cond (5 ien (65,55
A5 aw adsi a7 ln 121 65,551 B 5 s sl
Oles VY S o V8 IS jo s 4 L g STl (sl

S s (s iyl (3 lias cusie (65,55 o 5 ol oo ool

Y444



YooV B YAAY dorao V¥ v Jlo d ojlaud Y 080 ¢ pusS yuol SOl uwiins 4 puls

A

Hm cwbrs

kW Yo uSIlas onls ool ylgs
KW coiis G s 45 0 00l s
KJ/mol T 5 w5 5LaJleb (55,1
° C/ mol .ol =y

J/mol s st (53,5

sbeS ey olz

KJ/KE . osgasa sl

Jo

A/m2 o Sbyr S

Afm? s 5 sl ady Jomie, 551
A/ m? bz I8

LI a5 2 oy

LS 4z 2 (eye5

kg/s (oo o0

mol (s o

bar . Lz
ST oSl 43 2 ey

ST oSy 45 2 Gy
KW o5 Sl

KI/kgK de3ls slom s
@losS eej oS olr
<bsk

Q (Sonl Conglis
KI/kgK « pgase o5,
°C , K e

K525 5801 sles

Voo deily

e o 48 —F

(eSSl 3N
Abs
D
E

electrolic

E

product

E

act,i i=ac
F

G

GW

h
HE.

Jioi=ac

JY i=ac

1

KCP
KCT

ORCP
ORCT

¥444

& S 4 =

e 1 03lial b sl 5 5 35,08 40155 55 5Lyt oy )5

8,5 8 aallla o)50 5 Sletiuy ilisee Glalyl 99« alo S e

g5 e Lrngs e 9 ol esolyiions (glads 2 (sl s

ol glp ileas plate pa 5L 5 JT (SUl, 545 12) ol

Mg s ISl sz ol alas oy o Gl 50

Pl polz el )y addllas G LB (a5 2 (bl 4l

ol @S aodls el a5 15 iludingy 50 e 5 00D

losts b ) &gy dalllae

GBI L Sl g4t elal p alBan oy g 0 @
Sogme gy Sl ok g Rle)S laie eilnlel sles
o33k 5 g Giees @Sz ol a5 Jl s railanils
il e atgy bl s 65,551

Al A adgi pimow jo LI (sa5 > (9l nlgl glos ol 8L @
033k 5 s (a,ed @Sz lg LS g4z el
033 5 plale)S Jladie oS b0 1S oo oy BN (65,551
landls (o5 ¥y, adees (1>

lp LIS a2 VL Jlad jladie 0 5 aoto sl il 81 L @
S (oo e S5 polie Ceos 053,55 0351 ange

shls sadss G390 5 palls lg cane slos (mIBIL e
sloodil o] iy g Gale,S lade a5 b0 00g; (b olis
Slasls gosae s, 55,51 9 Sl

OlF S Gl L plojen adg Gil)] g0 e gl @
W8S et Iy Gmle)S e )Yy iUl sl (B pae
A Olg g GRIB sads Gigee (20 jlade &S Jl>js
Dlassly flS g Hebar (65,5515 (Sl 005k

oobol p alan 0de pis Gl ilvaige mS Gl @
S sl 2Bl Jale ol il 4 oSy s45 2
Oy Gl ane Sl o ) (e @S RYOYA Jlew o551,
Lol ool las 093 5l (39 000 ag g alls

e gk 42,0 WVe 05w sles s °

55551023k sl s e s LS a5 2 (ulusl  ailfas adg

Sode 5 (Gl 0ail a5 Jys wosls lis w3 5l (y5g 008 s

Sl stz el p alan 09 e oy Gl S

285 2l Fogllae



YooV B YAAY daxbo NYe - JL..J A D)LM QY 0y9d ;).:..5).:.91 «&u&n L;""'“\“‘Q(" A_v).u.u

[3] M. Yari, A. Mehr, V. Zare, S. Mahmoudi, M. Rosen,
Exergoeconomic comparison of TLC (trilateral Rankine
cycle), ORC (organic Rankine cycle) and Kalina cycle

using a low grade heat source, Energy, 83 (2015) 712-
722.

[4] A. Elsayed, M. Embaye, R. Al-dadah, S. Mahmoud, A.
Rezk, Thermodynamic performance of Kalina cycle
system 11 (KCS11): feasibility of using alternative
zeotropic mixtures, International Journal of Low-Carbon
Technologies, 8(suppl 1) (2013) i69-178.

[5] M.F. Orhan, B.S. Babu, Investigation of an integrated
hydrogen production system based on nuclear and
renewable energy sources: Comparative evaluation of
hydrogen production options with a regenerative fuel
cell system, Energy, 88 (2015) 801-820.

[6]T. OZgﬁr, A.C. Yakaryilmaz, A review: Exergy analysis
of PEM and PEM fuel cell based CHP systems,

International Journal of Hydrogen Energy, 43(38)
(2018) 17993-18000.

[7] L. Dincer, Environmental and sustainability aspects of
hydrogen and fuel cell systems, International Journal of
Energy Research, 31(1) (2007) 29-55.

[8] M. Rosen, Thermodynamic comparison of hydrogen
production processes, International Journal of Hydrogen
Energy, 21(5) (1996) 349-365.

[9] D.R. Palo, R.A. Dagle, J.D. Holladay, Methanol steam

reforming for hydrogen production, Chemical reviews,
107(10) (2007) 3992-4021.

[10]J. Xu, W. Zhou, Z. Li, J. Wang, J. Ma, Biogas reforming
for hydrogen production over nickel and cobalt
bimetallic catalysts, International Journal of Hydrogen
Energy, 34(16) (2009) 6646-6654.

[11] H. Ghaebi, B. Farhang, T. Parikhani, H. Rostamzadeh,
Energy, exergy and exergoeconomic analysis of a
cogeneration system for power and hydrogen production
purpose based on TRR method and using low grade
geothermal source, Geothermics, 71 (2018) 132-145.

[12] M. Ni, M.K. Leung, D.Y. Leung, Energy and exergy
analysis of hydrogen production by a proton exchange
membrane (PEM) electrolyzer plant, Energy conversion

and management, 49(10) (2008) 2748-2756.

V 15 5 0l oosS Jlad Jusly Vactji=a,¢

bglses jo Slogel bl X
g wde
%0 (5> 033k M th
Y0 cmoy Sizg il Glendl, np
% STy ‘Sﬂsﬁﬂi olesly nr
S/M (gsy Jowe lid Jome LU, c

Q_l YLy 9 »)J" 6'....& C_]a...: )Q .)5>5.¢ u]

123
&1 a
Sy Oy S c
£S5 ok c
ST EV
S99 i
&1 a
S Oz NS c
S 2 KC
s 0]
oSy sz ORC
Senl ohm
- P
rp
&bo -V

[1] M. Abdolalipouradl, S. Khalilarya, S. Jafarmadar,
Exergoeconomic analysis of a novel integrated
transcritical CO2 and Kalina 11 cycles from Sabalan
geothermal power plant, Energy Conversion and
Management, 195 (2019) 420-435.

[2] M. Abdolalipouradl, S. Khalilarya, S. Jafarmadar, The
thermodynamic analysis of new combined cycle using
Sabalan geothermal wells and LNG cold energy,
Amirkabir Journal of Mechanical Engineering, 52 (6)
(2019) 21-30. (in persian)

Yoo



YooV B YAAY dorao V¥ v Jlo d ojlaud Y 080 ¢ pusS yuol SOl uwiins 4 puls

RO desalination unit and geothermal driven dual fluid

ORC, Energy Conversion and Management, 177 (2018)
339-349.

[22] M. Abdolalipouradl, S. Khalilarya, F. Mohammadkhani,
Thermodynamic analaysis of a novel power, cooling,
hydrogen and oxygen multi-generation combined cycle
based on Sabalan geothermal wells, Amirkabir Journal
of Mechanical Engineering, article in press. (in persian)

[23] M.abdolalipourad, S. Khalilarya, S. Jafarmadar, Exergy
analysis of a new proposal combined cycle from Sabalan
geothermal source, Modares Mechanical Engineering,
18(4) (2018) 11-22. (in persian)

[24] M. Abdolalipouradl, S. Khalilarya, S. Jafarmadar,
The thermodynamic analysis of a novel integrated
transcritical CO2 with Kalina 11 cycles from Sabalan
geothermal wells, Modares Mechanical Engineering,
19(2) (2019) 335-346. (in persian)

[25] A. Bejan, G. Tsatsaronis, M. Moran, Thermal design and
optimization, John Wiley & Sons, 1996.

[26]J. Ahrendts, Reference states, Energy, 5(8-9) (1980) 666-
677.

[27] A. Aali, N. Pourmahmoud, V. Zare, Exergoeconomic
analysis and multi-objective optimization of a novel
combined flash-binary cycle for Sabalan geothermal

power plantinIran, Energy Conversion and Management,
143 (2017) 377-390.

[28] M. Abdolalipouradl, S. Khalilarya, S. Jafarmadar, Energy
and Exergy Analysis of a New Power, Heating, Oxygen
and Hydrogen Cogeneration Cycle Based on the Sabalan

Geothermal Wells, International Journal of Engineering,
32(3) (2019) 445-450.

[29] S. Klein, F. Alvarado, EES—Engineering Equation
Solver. F-Chart Software. 2002, in.

[13]R. Garcia-Valverde, N. Espinosa, A. Urbina, Simple PEM
water electrolyser model and experimental validation,

international journal of hydrogen energy, 37(2) (2012)
1927-1938.

[14] A. Sencan, K.A. Yakut, S.A. Kalogirou, Exergy
analysis of lithium bromide/water absorption systems,
Renewable energy, 30(5) (2005) 645-657.

[15] M. Jradi, S. Riffat, Tri-generation systems: Energy
policies, prime movers, cooling technologies,
configurations and operation strategies, Renewable and
Sustainable Energy Reviews, 32 (2014) 396-415.

[16] V. Zare, A comparative thermodynamic analysis of two
tri-generation systems utilizing low-grade geothermal

energy, Energy conversion and management, 118 (2016)
264-274.

[17] H. Ganjehsarabi, Mixed refrigerant as working fluid in
Organic Rankine Cycle for hydrogen production driven
by geothermal energy, International Journal of Hydrogen
Energy, 44(34) (2019) 18703-18711.

[18] A. Karapekmez, 1. Dincer, Thermodynamic analysis of
a novel solar and geothermal based combined energy
system for hydrogen production, International Journal
of Hydrogen Energy, (2018).

[19] Y.E. Yuksel, M. Ozturk, I. Dincer, Analysis and
performance assessment of a combined geothermal
power-based hydrogen production and liquefaction

system, International Journal of Hydrogen Energy,
43(22) (2018) 10268-10280.

[20] I. Dincer, C. Zamfirescu, Renewable-energy-based
multigeneration systems, International Journal of
Energy Research, 36(15) (2012) 1403-1415.

[21] H. Kianfard, S. Khalilarya, S. Jafarmadar, Exergy and
exergoeconomic evaluation of hydrogen and distilled

water production via combination of PEM electrolyzer,

(2021) 2983-3002.

DOI: 10.22060/mej.2020.17411.6597

10 oolaiwl W)l jlallio il @ gl sl (gl
M. Abdolalipouradl, M. Rostami, S. Khalilarya, Thermodynamic Analysis and Comparison of Two New Tri-
Generation (Hydrogen, Power, Heating) Systems Using Geothermal Energy, Amirkabir J. Mech. Eng., 53(5)

Yoo






	Blank Page - FA.pdf
	_GoBack




