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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the current work different organic rankine cycles (base and modified) coupled with proton exchange
Received 24 February 2016 membrane presented to produce hydrogen and power. Organic rankine cycles used in this work are
Accepted 06 May 2016 basic Organic Rankine Cycles (ORC), ORC incorporating regenerator, ORC incorporating feed fluid

Available Online 19 June 2016 heater and ORC incorporating both the regenerator and feed fluid heater. ORC energy demand supplied

by geothermal energy. A thermodynamic model (energy and exergy) of systems done. EES software

Keywords:

Gemqerma, energy used to model the systems. Also, a parametric study done to investigate the effects of the performance
Organic rankine cycles parameters (energetic and exergetic) of considered systems. The results showed that ORC incorporating
PEM electrolyzer both regenerator and feed fluid heater with PEM electrolyzer had the maximum energy (3.514%) and

Hydrogen production
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Power production exergy (68.93%) efficiency in comparison with other systems. Also, it can be observed that evaporator

and electrolyzer had the highest portion of exergy destruction of the system. Energy efficiency, exergy
efficiency, hydrogen production and net power increased by pressure growth in all systems. The amount
of exergy efficiency, energy efficiency, hydrogen production and net power increased by the evaporator
temperature addition in ORC incorporating regenerator with PEM electrolyzer and ORC incorporating
both regenerator and feed fluid heater with PEM electrolyzer, but their amount marginally decreased by
the evaporator temperature addition in basic ORC incorporating with PEM electrolyzer and ORC
incorporating feed fluid heater with PEM electrolyzer.
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Fig. 1 Schematic diagram of the ORC cycles coupled with geothermal energy and PEM a) base ORC, b) ORC with regenerator, c) ORC with feed

fluid heater and d) ORC with regenerator and feed fluid heater
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geothermal brine mass flow rate

“ome 2l 02 (20w 2 IS (29 U155 ek wgs Sl i 9 S
b

Sl sor @ e 2 IS 6551 5 5l ook Sl 10 U o
5 S5l ool 90 ;2 a5 8l se ala>Me.canl ol ooy lis Sle S yae;
@ ol il e 2l by e Sl sz 20 Gl L 65,55
Sl Sl g s s 0 000 i 9 wzrge 2loS eej ol (0>
69909 5,51 &Sl ped 5 wbioe RIBl glnll 4 ead esls le S
My GRlEl cage Bl pl &7 (J s b (RIEL g1l
Sl Ll 0gdign o Jpame (65,551 Gl aized 5 39008
U 51 a8 s s Jpazme 65,551 5 0398 Sdgs Gl e
s S g (55,351 Gl 5 sl alsl s o ool (sle S il it
GRS Grge oo i 5 6551 005l el crge sl sty Sl

Bebee 5555 o33k

S5 4ox -5
Sl b 2le)¥ ey 6550 51 0T 9 45 (oS 5 ot SO (Bdos (il 5o
carly 5eSil) I oSl sladSem glsil Gsb Sl Ol 0 Sz byt

6.5 76
——(a
6.0 ® 2
i —~+@© [7
] T =, =@
554 'ﬁv——v.__v . L 68
V—y—v
~
*— J
5.0 e o Lgs >
_ R R 6 \.El
S =
-’ Leo S
] =
] ]
] I s6
&
|52
|48
25 T ¥ T T T T
50 60 70 80 90 100
m g (kg/h)

Fig. 10 Energy and exergy efficiency variations according to
geothermal brine mass flow rate

@S 2l o0z o9 e 2 IS 65,555 5 003k St 10 S

6 o leis16 0,55 1395 ) gy piab (e Sule wiao

2o ol JBz s o5 Sl b AT Cl (o5 (58 Gl
o3jk 53 5e S50 Jelge g atils 2l B igpnes Sy Az
0ot slos Y9 i8Il slod (RIPBIL (rizren ailoaile ol 55 (55 5]
Ol &5 g oad (2o 5 (T (Rl czge oS 0500 SVL (25
Lonbioe Gl 65,551 035k G S9din Seie (63,51 Sl el
@ oad ool sla)S (a3l s @ U5 (55530 033k 5 Y 2SI slos 38!
oilS (Sl s g 5zl Gl edsde Sl Jae 5o o
5 63 003l i (0) s o5 25800 oanline rizeen Ll o0
D115 O30 9 Ole adg8 (n iien Geiamen 9 (65,55
@ oad ool slo S Gl ln hele o) ey @l (o2 29
7 S e 2 st 5 Ol Sdds Slss 9 S el il sl
w7 s Ol A 0sd e alimdle s o LS 1) (b (e
1y sy ol Jeds vo9on (et st 5 (o7s3 JI Gll wzse o
Pl om0l o @0 QI L S 08 azg peir liie
slles oizen 5 2lesS ey Ol (295 5 s slabes o5 J>
bl b (02 (28 el oaile 2l Jole Jlw (295 5 5099
9 B GRIP cage Jele Sl (oo (20 GRIPL AL SRlE
b3l 58 e pes adei Cawl oad adS MWSB aF jsbles g 9ed e

by o0
450 76
—=—(a)
—o—(b)
(0 v "
425 1—+—(0) ,/v/
-V
P I 68
P .
*— Yy e _n -~
wd I B2 g UK
o~ o _nm N’
c\° /,.0/‘ e 3 R
N’ R i
e ./l Lo 5
4] o—* _n—— 5
5 o R X ~
=3.754 n—"
o~ 56
3504 o
|48
3‘75 1 T |l 1 T
50 60 70 80 90 100

Tppn (O
Fig. 8 Energy and exergy efficiency variations according to the
electrolyzer temperature

232Y5S0 sles a2 U5 (55,3551 5 5551 003 i 8 Y5

146


https://dorl.net/dor/20.1001.1.10275940.1395.16.6.5.8
https://mme.modares.ac.ir/article-15-1701-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1395.16.6.5.8 ]

i )5 e 9 HHLE SO

o 895 91 03399 55501 9 (Lo xS (320 63 331 31 6 pa50 3 b W95 9 WI9IJuDd 39S Sl T (Sily Sl JSams glgil jl 0 Slaanl

Sbg e

(%) o53L n

(5/M) G55 Jowe slas (oo SULs, c
(@Y w5 g T glas s ;0 39250 A
Lw i)

Y A

wbeS ey Jle brine

551l evap

Jrmikeiy C

Kyiy c

S o cold

$%959 in

T out

S| ohm

oy p

Jole Jles ref

oy t

b

[1] J. Zhu, K. Hu, X. Lu, X. Huang, K. Liu, X. Wu, A review of geothermal
energy resources, development, and applications in China: Current status and
prospects, Energy, Vol. 93, pp. 466-483, 2015 .

[2] M. I. Alhamid, Y. Daud, A. Surachman, A. Sugiyono, H .Aditya, T. Mahlia,
Potential of geothermal energy for electricity generation in Indonesia: A
review, Renewable and Sustainable Energy Reviews, Vol. 53, pp. 733-740,
2016 .

[3] E. E. S. Michaelides, Future directions and cycles for electricity production
from geothermal resources, Energy Conversion and Management, Vol. 107,
pp. 3-9, 2016 .

[4] N. Shokati, F. Ranjbar, M. Yari, Exergoeconomic analysis and optimization
of basic, dual-pressure and dual-fluid ORCs and Kalina geothermal power
plants: A comparative study, Renewable Energy, Vol. 83, pp. 527-542, 2015 .

[5] J. Hsieh, Y. Lee, T. Guo, L. Liu, P. Cheng, C. Wang, A co-axial multi-tube
heat exchanger applicable for a geothermal ORC power plant, Energy
Procedia, Vol. 61, pp. 874-877, 2014 .

[6] M. Astolfi, M. C. Romano, P. Bombarda, E. Macchi, Binary ORC (Organic
Rankine Cycles) power plants for the exploitation of medium-low
temperature geothermal sources—Part B: Techno-economic optimization,
Energy, Vol. 66, pp. 435-446, 2014 .

[7]1 H. Zhai, L. Shi, Q. An, Influence of working fluid properties on system
performance and screen evaluation indicators for geothermal ORC (organic
Rankine cycle) system, Energy, Vol. 74, pp. 2-11, 2014 .

[8] 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, Vol. 88, pp. 801-820, 2015 .

[9] J. Zhong, D. K. Stevens, C. L. Hansen, Optimization of anaerobic hydrogen
and methane production from dairy processing waste using a two-stage
digestion in induced bed reactors (IBR), International Journal of Hydrogen
Energy, Vol. 40, No. 45, pp. 15470-15476, 2015 .

[10] O. Monfort, L. -C. Pop, S. Sfaelou, T. Plecenik, T. Roch, V. Dracopoulos, E.
Stathatos, G. Plesch, P. Lianos, Photoelectrocatalytic hydrogen production
by water splitting using BiVO 4 photoanodes, Chemical Engineering
Journal, Vol. 286, pp. 91-97, 2016 .

[11] I. Dincer, Green methods for hydrogen production, International journal of
hydrogen energy, Vol. 37, No. 2, pp. 1954-1971, 2012 .

[12] H. Caliskan, I. Dincer, A. Hepbasli, Energy, exergy and sustainability
analyses of hybrid renewable energy based hydrogen and electricity
production and storage systems: modeling and case study, Applied Thermal
Engineering, Vol. 61, No. 2, pp. 784-798, 2013 .

[13] A. T. Pham, T. Baba, T. Sugiyama, T. Shudo, Efficient hydrogen production
from aqueous methanol in a PEM electrolyzer with porous metal flow field :
Influence of PTFE treatment of the anode gas diffusion layer, International
Journal of Hydrogen Energy, Vol. 38, No. 1, pp. 73-81, 2013 .

[14] T. Ratlamwala, |. Dincer, Comparative efficiency assessment of novel multi-
flash integrated geothermal systems for power and hydrogen production,
Applied Thermal Engineering, Vol. 48, pp. 359-366, 2012 .

[15] C. Yilmaz, M. Kanoglu, A. Bolatturk, M. Gadalla, Economics of hydrogen
production and liquefaction by geothermal energy, International Journal of
Hydrogen Energy, Vol. 37, No. 2, pp. 2058-2069, 2012 .

147

4 5SSl g ads e (56,5 s 4 (SOl (b ol ee 4 (S
e S0 b o1 Bl izmen 5 (035 Jlw oSS 5 bl olen
&l siladae el oad @il 35 000 W5 Cax Sian Joee slid
U p Sl s end bl eoliin Slapiens (Seeliydgey
Sygee s Soyelly adllae SG s 3,8hes (555 2 e bl
il oe p) g ool Jol> Badod (pl 5145 (oo gl Cenl a8 8
b 5808 5 bl olyen 4 JT oSy oadsils S —
5 iR pleadly i Gl Sgian slid e b ads
el (65,551
P e G R RS g glnll o ead Gl (65,81 —
IS poans JS o il (55,551
Sl 65,81 el wsspl ool gilall Glad gl L —

Ao Gl e 4 52 00 oyl (295 ) 5 039N
.A.Jy ‘63)}5‘ oo}l;. ‘6))"‘ ob)'b‘ )53|ﬁ:|5| 6L’°° u...»l)sl Lo —
s sl (d) 5 (D) lo S 15 (25,5 )5 5 (59,000
W a5 (SHI(C) 5 (@) slaSom ;5 a5 Jl> 5o
$T9 5 5 Oioed odg 69, 6l Y Sl gl —
2l
B g Oeee wdg LS of e o0 GRlBl L
Ao als (65,551 9 550 003k 9 Gl (29,5

ke S g8 -6

(um) coolss D

(kW) ;5¥9 51501 4 00 o0l (g5 Eetectric
(KW) s B pae 4y 00 00ld ()lg5 Eproduct
(kW) (55,51 Sanl Ex

(kdmol) 5515 5 T (g3l Jled (55,51 Enery i =a,C
(Cimol) g1, ol F

(I/mol) S ol (65, G

(KIkgK) ogase I h

(AM) Jowe b S5 Josi=ac

S5 5 ol Jeuiliy 556 iz ac

(Am?) by S J
(kg/h L kgls) o, (o0 m
(mols) Jge o0 N

(atm L kPa) ,Lzs P

(kkg) ogams slo S q

(kW) Lo 5 Kol 0

(KIKGK) sl gz <ol R

(Q) Ssal cuoglie Rpem

(KIKgK) Logase 9,51 s

(K) Loamo slos T,

(KL°C) ;Y580 sles Trem

(K) 2lesS oo Sl (Senlinnge i bawgio slos Tgeothermalmean
(V) 52dy <t 5 iy Vo

(V) 6515 5 T oausS Jlad el Vaeti 1 =2a,C

6 o lois16 055 1395 g piib e Suilke wise


https://dorl.net/dor/20.1001.1.10275940.1395.16.6.5.8
https://mme.modares.ac.ir/article-15-1701-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1395.16.6.5.8 ]

i )5 e 9 HHLE SO

o 895 91 03399 55501 9 (Lo xS (320 63 331 31 6 pa50 3 b W95 9 WI9IJuDd 39S Sl T (Sily Sl JSams glgil jl 0 Slaanl

[25] S. Safarian, F. Aramoun, Energy and exergy assessments of modified
Organic Rankine Cycles (ORCs), Energy Reports, Vol. 1, pp. 1-7, 2015 .
[26] M. Feidt, A. Kheiri, S. Pelloux-Prayer, Performance optimization of low-
temperature power generation by supercritical ORCs (organic Rankine
cycles) using low GWP (global warming potential) working fluids, Energy,

Vol. 67, pp. 513-526, 2014 .

[27] P. J. Mago, L. M. Chamra, K. Srinivasan, C. Somayaji, An examination of
regenerative organic Rankine cycles using dry fluids, Applied Thermal
Engineering, Vol. 28, No. 8, pp. 998-1007, 2008 .

[28] P. Ahmadi, I. Dincer, M. A. Rosen, Energy and exergy analyses of hydrogen
production via solar-boosted ocean thermal energy conversion and PEM
electrolysis, International Journal of Hydrogen Energy, Vol. 38, No. 4, pp.
1795-1805, 2013 .

[29] 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, Vol. 49, No. 10, pp. 2748-2756, 2008 .

[30] R. Garcia-Valverde, N. Espinosa, A. Urbina, Simple PEM water electrolyser
model and experimental validation, International Journal of Hydrogen
Energy, Vol. 37, No. 2, pp. 1927-1938, 2012 .

[31]0. Kaska, Energy and exergy analysis of an organic Rankine for power
generation from waste heat recovery in steel industry, Energy Conversion
and Management, Vol. 77, pp. 108-117, 2014 .

[32] A. Basaran, L. Ozgener, Investigation of the effect of different refrigerants
on performances of binary geothermal power plants, Energy Conversion and
Management, Vol. 76, pp. 483-498, 2013.

[33] M. Chahartaghi, M. Babaei, Energy and exergy analysis of Organic Rankine
Cycle with using two component working fluid in specified heat source
conditions, Modares Mechanical Engineering, VVol. 14, No. 3, pp. 145-156,

2014. (in Persian _..,5)

6 o leisd6 055 1395 D9 pih ()30 Suille wadie

[16] M. T. Balta, 1. Dincer, A. Hepbasli, Energy and exergy analyses of a new
four-step copper—chlorine cycle for geothermal-based hydrogen production,
Energy, Vol. 35, No. 8, pp. 3263-3272, 2010 .

[17] M. Kanoglu, A. Bolatturk, C. Yilmaz, Thermodynamic analysis of models
used in hydrogen production by geothermal energy, International Journal of
Hydrogen Energy, Vol. 35, No. 16, pp. 8783-8791, 2010 .

[18] C. Yilmaz, M. Kanoglu, A. Abusoglu, Exergetic cost evaluation of hydrogen
production powered by combined flash-binary geothermal power plant,
International Journal of Hydrogen Energy, Vol. 40, No. 40, pp. 14021-
14030, 2015 .

[19] M. T. Balta, I. Dincer, A. Hepbasli, Exergoeconomic analysis of a hybrid
copper—chlorine cycle driven by geothermal energy for hydrogen production,
International Journal of Hydrogen Energy, Vol. 36, No. 17, pp. 11300-
11308, 2011 .

[20] Q. Cai, C. S. Adjiman, N. P. Brandon, Optimal control strategies for
hydrogen production when coupling solid oxide electrolysers with
intermittent renewable energies, Journal of Power Sources, Vol. 268, pp.
212-224, 2014 .

[21] S. Ouali, S. Chader, M. Belhamel, M. Benziada, The exploitation of
hydrogen sulfide for hydrogen production in geothermal areas, International
Journal of Hydrogen Energy, Vol. 36, No. 6, pp. 4103-4109, 2011 .

[22] C. Yilmaz, M. Kanoglu, A. Abusoglu, Thermoeconomic cost evaluation of
hydrogen production driven by binary geothermal power plant, Geothermics,
Vol. 57, pp. 18-25, 2015 .

[23] C. Yilmaz, M. Kanoglu, Thermodynamic evaluation of geothermal energy
powered hydrogen production by PEM water electrolysis, Energy, Vol. 69,
pp. 592-602, 2014 .

[24] O. Arslan, O. Yetik, ANN based optimization of supercritical ORC-Binary
geothermal power plant: Simav case study, Applied Thermal Engineering,
Vol. 31, No. 17, pp. 3922-3928, 2011 .

148


https://dorl.net/dor/20.1001.1.10275940.1395.16.6.5.8
https://mme.modares.ac.ir/article-15-1701-en.html
http://www.tcpdf.org

