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Create an evaluation matrix (Xo), ...
consisting of m altemative and n objectives

v

Normalize the matrix  (xo),... by

X0

Xixg

o =

\E

Calculatc the weighted normalized matrix by:
(),...:8p=WXTg

v

Determine the positive ideal alternative AT and the negative ideal alternative A~ :
A* = (min[ay, o, @y, (Minlag, oo Gl s (Min(ag, e @)

A™ = (maxla,,..., ay], (maxla,, ..., a,] . ..., (maxa,, .., a,,])

v

Calculate the distance between the target alternative A* and A~

n _ n _
df = z’f:l(ﬂu—ﬂf)z di = Zj=lfﬂij‘f4.- )?

Calculate the relative closeness to the ideal solution of altematives

d;
df —df

v

The optima! solution 18 the alternative corresponding to the
maximum value of C;

C; =

‘ Optimal sclution ’
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Output Rasht
Cost rate ($/h) 59.86
Exergy efficiency (%) 47.08
Heating (kWh) 12015720
Cooling (kWh) 12003840
Liquid hydrogen (kg/h) 41486.4
Output net power (kWh) 5199408
Oxygen (kg/h) 329241.6

et -F-0

CO2 o5+ ¥ ¥ I e anls oo aislo iy i (gl 0ads (b it (asreens ) 5JUT 4 VY S o
o5 g8 (Fogll Ll lie asnlims (sl g o[YA] 0500 ol (5 el ClglSe S a5 (sl (Jsomo sloolSs i 40
ogdle 3,5 arnlone |, CO2 jLail e oo s VLo 30 955 Egamme (28,5 S0 53 bty e 5o (olgden
3 OlFr @Ol pias ol b Azt o 980 Yo TF (et ange el CO2 o5 G jLasil nl
45 05 S by Geud 50 b el g s (5LaS (11T el 5 WS g (ol 5 Jlu 50 (lamacin; sladi e
[¥ -] sl oass a8 3 Jlai o nitisas Ol oSy Connd (eSilio (gl LS j0 Yo FAFL ol (63,915

ﬁ’ﬂ%ll > 4

Rasht Output net work: \ 1060.6 25456.26 5/ \ . 5
City S1994MWh | /) ton CO2/MWh S c0s f hectares

Case Study Power 0.204 ton CO2/MWh 24 $/ton CO2

W)M)éséww‘slamw)éﬂos YYJ&

&S domii-F
O3 0> Sl 2leyS ey 51 2 e 3 ATz S s S (Ssludge i 5T 4 (gl cnl 5o
a4l ilis )15 sloJlas 05,5 b ool oS, Sl ISms 51 eolitasl b g5 5 8 ol eistalo oo cpl
OF o Jobs slas )Y xSl eatizdlol (oSl SHB | IS ¢l 5 in) (Sl 2 51 ISt (o) 32 9590 s
Jels 5l ol s 0 )5] Cossay (rizman 5 gy Sp50 i Silodie Caz Sl @l ()0 003 S aie
s R123 R113 5, Jolt alise Sl )| oVl i oalitas] wdige <Volee >  Saalizogo s l38le 5 5l piases
$los 51 nlsl 42 (5359 (a7 (23 ol (655 rousd ke i S D () 2 s 3, hoe 2038l (1 R134a
S5kee (595 32 ey 033k 9 ,5lnlsl g g Sles iy 69959 Sles w033k (Ol (b3l b e 4 (509
e 033193 9 0D (o) 2 (SOl a3l sl () (Sllllas 928 ragh (al 4O eiares D (o) e
s5hee il 4 45 |z ol R123 SlS )| o e g 45 ol bt Suilf| el 5JUT s bl ol 9SS
Sl (Sl b on e Oloie 4 clis aie g Gles adss 50 ceslie 0 Slae b Sy pd oS (0SS

i


https://jeed.dezful.iau.ir/article-1-482-fa.html

[ Downloaded from jeed.dezful.iau.ir on 2026-06-25 ]

DIV=RF o ) Pt Jlu o) o)lod o) 1 0,90 OEED) (g3l ok s piti o las dll last ogold | Ll eomd) 39,0

lad 5 LS O byl 4 Wlgh oo il Hod 5o (e0lpidon i (glaloly b as ol lis aorecan ) gl Lasas

dinge oS 5 4 ol 5 (RPS) pisasass 65,0 8 lsbiwl aew A YAF (s o Solo el o« oloes cauldl o5y [V]
DV-AY Slio (Ll FO g0 Lo (@m0 Jlo (65,50 bl lalllas (ganl Jad )l )y piiasass sle (g5,
~Cey Slopl e 5l jsee Sz 55 ed S S s aRlr plsie 4 S 65l mbe ey VTAD e (I [Y]
FY L

2l ,S ey 655 Slie » 65,31 A Wiz ag s S oy 3 Jelo A F e el o las wolas] (sols 3 [Y]
Al (Jg830 axly ool Sl3T olSils (65,1 hoad Sl (i (o — sale aloms (g 50em 5 S 3y 0y s
AO-YY oo Y olas A

5 2lo )5 ) pia S5 (59, 2 b sl el )byl g 4 s N el las] o las laa o (gl ]
o&ils (6551 b Sl qwidige (saass — cole ale «SU 5 adgs (gl 00,08 slon b (65,5l jluo s 5l ool
AV-YE Slrio Voojled A ol ¢ Jg850 aly oDl o]

9 LgaLalé‘ dl.ﬁb)l.a‘)l.g: )2 9 G)L»JJA ‘LSS)” ‘63))'5‘ J..J.?u Avaa ‘AJ\QLM}‘ ‘o)La.c (RTINS ‘edl)'O&lf[a]
~sode aloe ot Ol 5 S G adsi sl 60l 5 G ye3 655l Gl p A iz 0P e SO aimecin
¥ oo)lals Voal> . e85 axly oDl oyl olisls (65 51 pous Sl N (gaads

oobol e Glejes Ws piees SO golaBl 5 Sielinoge s oLyl VFeY adlllus] o las iz (g ae [#]
S5l has Sle gwaige gpaads - ole s 00,88 glga (65,5 Gl 0,038 5 03 i S el ol Sy
Y oo,leds A al> (Js850 oty oDl o1 olKiils

(_ng).‘J.,oblg: 29 6)L»)4~.Q) “_;)’L..:J..\.A 9 d))-“ ‘63)}51 J..bo AR ER! ‘.dJ‘OL..ol ‘o)La.c eLo).J.C ‘cob‘ ‘_g)li.i‘aﬂ.o‘ [v]
ile S ciala e « Sy 32 055 sl S iS50 5 Sl g 2 L (6551 Wiz A5 s S laemaciens 5 (golaidl
Y ooyl A Al (Jgd0 axly (oDl oljT olXisls (65,1 oo SilKe  cwadige (camass - ol aloe «(y59,040 4

&5 Aot g paan SO SeogisSlg3, T oy 9 85 lodinge «silo e VTRl bl cojlac (e o loso [A]
(it (paasS —gole dlme (>l Gblie ;0 (cwgll (551> 6551 5 0k (sudye> Gl Gl 2 Gp Wy Gl
J9350 axly ol ol3T olisls (65,1 Joows SlKe

6;)4' w.;_;f USL:).) L’ GM)? )5,\515 W g_i: 9 Uﬁ""‘)) J.iuu MAS)J ‘\\“‘\‘\ EdJ‘uL.M.?" so)La.C c&.ﬁ ‘Mjf [%]
WJs930 axly oMl ol3T ol8ils (65,51 o SLilSe (cwdige omass - sole alore o yiuloyus g oy s Ol (3 955 6l
Yoo,leis A ul>

[10] Moharramian, A., Soltani, S., Rosen, M. A., Mahmoudi, S. M. S., Jafari, M., 2019, Conventional
and enhanced thermodynamic and exergoeconomic analyses of a photovoltaic combined cycle with
biomass post firing and hydrogen production, Applied Thermal Engineering 160, 113996.

[11] Chen, Y., et al. (2023). "Exergy-economic analysis and multi-objective optimization of a multi-
generation system based on efficient waste heat recovery of combined wind turbine and compressed
CO2 energy storage system." Sustainable Cities and Society 96: 104714.

[12] Zhao, X., et al. (2023). "Optimization and analysis of an integrated energy system based on wind
power utilization and on-site hydrogen refueling station." International Journal of Hydrogen Energy
48(57): 21531-21543.

RN


https://jeed.dezful.iau.ir/article-1-482-fa.html

[ Downloaded from jeed.dezful.iau.ir on 2026-06-25 ]

o aitlopus egalo o e Wi (Sl s2lo S e S 0 e ST B i Al o G (Soliydga T T

[13] Spiru, P. (2023). "Assessment of renewable energy generated by a hybrid system based on wind,
hydro, solar, and biomass sources for decarbonizing the energy sector and achieving a sustainable energy
transition." Energy Reports 9: 167-174.

[14] Temiz, M. and I. Dincer (2022). "Design and analysis of a floating photovoltaic based energy
system with underground energy storage options for remote communities." Journal of Energy Storage
55: 105733.

[15] Dezhdar, A. and E. Assareh (2020). "Modeling, Optimization and exergoeconomic analysis a
multiple energy production system based on solar Energy, Wind Energy and Ocean Thermal Energy
Conversion (OTEC) in the onshore region." iaud-jeed 7(3): 81-94.

[16]Assareh, E., et al. (2019). "Exergoeconomic and multi-objective optimization of a solar system for
Hydrogen production by the Particle Swarm Algorithm." Journal of Energy Conversion 6(1): 43-59.
[17] keykhah, A., et al. (2023). "Optimization and performance analysis of a geothermal-based power
generation system based on flash-binary and dual-pressure evaporation organic Rankine cycles using
zeotropic mixtures." Advances in Engineering and Intelligence Systems 002(03.(

[18] Assareh, E., et al. (2023). "Simulation, optimization and thermodynamic, economic and
environmental analysis of cryogenic cycle, dew point regulation in an existing refinery." Advances in
Engineering and Intelligence Systems 002(02).

[19] Dezhdar, A., et al. (2023). "A transient model for clean electricity generation using Solar energy
and ocean thermal energy conversion (OTEC) - case study: Karkheh dam - southwest Iran." Energy
Nexus 9: 100176.

[20]Keykhah, S., E. Assareh, R. Moltames, A. Taghipour, and H. Barati, 2021, thermoeconomic analysis
and multi-objective optimization of an integrated solar system for hydrogen production using particle
swarm optimization algorithm, Journal of Thermal Engineering 7 (4): 746-760.

[21]Assareh, E., et al. (2023). "A transient simulation for a novel solar-geothermal cogeneration system
with a selection of heat transfer fluids using thermodynamics analysis and ANN intelligent (Al)
modeling." Applied Thermal Engineering 231: 120698.

[22]Kianfard, H., Khalilarya, S., Jafarmadar S., 2018, Exergy and exergoeconomic evaluation of
hydrogen and distilled water production via combination of PEM electrolyzer, RO desalination unit and
geothermal driven dual fluid ORC, Energy Convers. Manag, vol. 177, pp. 339-349.

[23]Boyaghchi F. A., Chavoshi M., Sabeti V., 2018, Multi-generation system incorporated with PEM
electrolyzer and dual ORC based on biomass gasification waste heat recovery: Exergetic, economic and
environmental impact optimizations, Energy, vol. 145, pp. 38-51.

[24]Dezhdar, A., et al. (2023). "Transient optimization of a new solar-wind multi-generation system for
hydrogen production, desalination, clean electricity, heating, cooling, and energy storage using
TRNSYS." Renewable Energy 208: 512-537.

[25]loroi, T., Yasuda, K., Siroma, Z., Fujiwara, N., Miyazaki, Y., 2002, Thin film electrocatalyst layer
for unitized regenerative polymer electrolyte fuel cells, J Power Sources; 112:583-7.

[26]Aryanezhad, M.B., Tarokh, M.J., Mokhtarian M.N. and Zaheri, F. (2011), “A Fuzzy TOPSIS
Method Based on Left and Right Scores”, International Journal of Industrial Engineering and Production
Research, 22, 1, 51-62.

[27]Chen, C.T. (2000), “Extensions of TOPSIS for Group Decision—making under fuzzy environment”,
fuzzy sets and systems, 114, 1-9.

[28]Alirahmi, S. M., Razmi, A. R., Arabkoohsar, A., 2021, Comprehensive assessment and multi-
objective optimization of a green concept based on a combination of hydrogen and compressed air
energy storage (CAES) systems, Renewable and Sustainable Energy Reviews, VVolume 142, 110850.
[29]Kroegera,T., Escobedob, F.J., Hernandezc, J. H., Varelab, S., Delphinb, S., Fishera, J. R. B.,
Waldrond, J., 2014, Reforestation as a novel abatement and compliance measure for ground-level ozone,
111 (40).

[30]Assareh, E., et al. (2022). "Transient thermodynamic modeling and economic assessment of
cogeneration system based on compressed air energy storage and multi-effect desalination.” Journal of
Energy Storage 55: 105683.

V¢


https://jeed.dezful.iau.ir/article-1-482-fa.html

[ Downloaded from jeed.dezful.iau.ir on 2026-06-25 ]

DIV=RF o ) Pt Jlu o) o)lod o) 1 0,90 OEED) (g3l ok s piti o las dll last ogold | Ll eomd) 39,0

:‘;au_lf.“ OJ.:S.?

Thermodynamic analysis of a multiple energy production system based on
geothermal energy for the production of liquid hydrogen, cooling, hot water and
power using a modified organic Rankine cycle using different working fluids
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Abstract

In this research, the thermodynamic analysis of a multiple energy production system based on
geothermal energy for producing liquid hydrogen, cooling, hot water, and power using the modified
organic Rankine cycle was discussed. The investigated system consists of geothermal subsystems, a
modified organic Rankine cycle, a proton exchange membrane electrolyzer, and a liquid hydrogen
storage source. Various organic fluids were investigated to increase the system's performance, and
finally, the organic fluid R123 was selected. The effect of six design parameters, including the mass
flow rate of the inlet to the evaporator, temperature of the inlet to the heat recovery steam generator,
turbine efficiency, turbine inlet temperature, evaporator pinch point temperature, and pump efficiency
were investigated on the system performance. The results showed that the most effective parameters are
the input mass flow rate, the input temperature to the heat recovery steam generator, and the input
temperature to the turbine. In this research, the country of Iran was investigated for the implementation
of the proposed system, and twelve cities including Isfahan, Dezful, Iranshahr, Kerman, Bojnord,
Birjand, Bandar Abbas, Bushehr, Babol, Rasht, Ardabil and Zanjan were selected. Finally, the city of
Rasht was chosen because of its good performance in power generation and reasonable cost, and the
environmental results showed that the proposed system in Rasht city can help to expand 5 hectares of
green space.

Keywords: Geothermal energy, Multiple energy production system, Modified organic Rankine cycle,
Liquid hydrogen.
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