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Abstract

The evaluation in the study includes assessing the energy and exergy of
a novel system capable of producing cooling, heat, electricity, hot water,
hydrogen, and desalinated water simultaneously. This groundbreaking sys-
tem utilizes solar and geothermal energy and consists of a proton exchange
membrane (PEM) electrolyzer, reverse osmosis (RO) desalination unit, an
organic Rankine cycle (ORC), an absorption refrigeration cycle, and a do-
mestic water heater. The EES software was used to perform all the analyses.
An examination of the proposed system was carried out, considering both
energy and exergy aspects. The results indicate that the solar collector
undergoes the most exergy destruction when examined. As the volume
concentration of nanoparticles increases, the turbine’s power production
increases, while the thermoelectric generator’s (TEG) power generation de-
creases. The solar collector’s useful energy increases with higher solar irra-
diation but decreases as the nanoparticle percentage rises. The turbine and
TEG unit produce more power when exposed to greater solar irradiation,
resulting in higher rates of freshwater and hydrogen production.
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1 Introduction

The global energy reserves are projected to diminish
by 60% by 2030, according to the International En-
ergy Agency, while energy demand is expected to in-
crease [1]. As a result, there is a growing emphasis
on renewable energy, driven by escalating oil and gas
prices, constraints on resources, environmental worries,
and climate change. Renewable energy sources, like
sunlight, wind, rain, tides, and geothermal heat, are
naturally replenished over time. Unlike finite fossil fu-
els, renewable energy sources can be continually and
sustainably utilized. They offer several advantages over
traditional fuels, including reduced carbon emissions,
improved air and water quality, and increased energy
independence.

Renewable resources have the benefit of being
widely available across different regions, which means
that they can provide electricity for developing areas at
a stable and long-lasting cost. These resources include
solar, wind, and hydroelectric power. Solar power har-
nesses the heat of the sun, which also creates the winds
that can be captured by wind turbines. Additionally,
the sun’s heat and the winds contribute to water evap-
oration and precipitation formation. This precipitation
can flow down rivers or streams, providing the basis for
generating hydroelectric power [2].

Renewable energy has numerous advantages, in-
cluding its sustainability, widespread availability (un-
like fossil fuels and minerals), and minimal pollution.
The generation of electricity from renewable sources
like wind turbines and photovoltaic panels does not de-
pend on water, unlike steam plants powered by fossil
fuels and nuclear energy [3]. Solar energy is widely
recognized as a crucial renewable source due to its
cleanliness and abundance [4]. Among renewable en-
ergy sources, solar power ranks highly in its capacity to
generate electricity. Solar collectors are critical compo-
nents in harnessing solar energy directly by capturing
solar radiation and converting it into heat for various
applications, including generating electricity. [5]. So-
lar collectors are the most crucial component in any
solar thermal system. Geothermal energy, generated
from the natural heat of the Earth’s core, is another
type of renewable energy. It is naturally created and
stored within the Earth. Geothermal energy is known
for its lower costs, widespread availability, and clean
characteristics [6].

Multigeneration systems are the systems that can
produce more than three products by using one or
more energy systems. Because of their excellent perfor-
mances, they have garnered significant attention from
researchers.

Sezer and colleagues [7] developed a new renewable
energy-based ’multi-generation’ system that can gener-
ate hydrogen, oxygen, desalinated water, and cooling
in addition to electricity. The study revealed that the
overall power and energy efficiencies were 73.3% and
30.6%, respectively. The researchers also calculated the
exergy destruction rates of the system’s components.
In conclusion, combining multiple sustainable energy
sources in a single system guarantees the production of
various resources through an eco-friendly process.

Bicer and Dincer [8] put forward and examined an
integrated system capable of generating power, provid-
ing cooling, heating, and producing hydrogen in their
research. The system incorporated parabolic trough
collectors (PTC) for generating electricity and meeting
various requirements in a multi-generation setup. By
utilizing geothermal water at a temperature of 210 ℃,
the system can attain overall energy and exergy effi-
ciencies reaching up to 10.8% and 46.3%, respectively.

Alirahmi and colleagues [9] designed a system with
the ability to produce hydrogen, fresh water, electric-
ity, cooling capacity, and hot water. Through exper-
imentation with different fluids, it was observed that
syltherm800 demonstrated promising characteristics.
A thorough parametric study was carried out by the
researchers to analyze the influence of various factors
on the system’s overall efficiency. The increase in solar
collector area from 5000 to 25, 000 m2 led to a rise in
power output from 702 kW to 3512 kW, accompanied
by an increase in cost from 34.72 to 151.5$/h. The
research findings indicated that with an increase in so-
lar radiation intensity from 300 W/m2 to 900 W/m2 for
geothermal fluid at 110 ◦C, the production of hydrogen
rose from 0.638 kg/h to 1.958 kg/h, and the output
of freshwater escalated from 8.61 m3/h to 27.46 m3/h.
The results clearly showed that the primary source of
exergy destruction was linked to PTCs and absorption
chillers.

Yuksel and Ozturk [10] presented a novel multi-
generation system capable of producing hydrogen, elec-
tricity, cooling, heating, and domestic hot water in
their research. They proceeded to analyze the system
from the perspectives of energy, exergy, and thermoeco-
nomics, uncovering that the system achieved an overall
energy efficiency of 47.04% and an exergy efficiency of
32.15%.

Wan et al. [11] designed a new hybrid geothermal-
solar flash-binary system. The system comprises a so-
lar preheat subsystem, a flash-binary subsystem, and
a binary subsystem. The research indicates that as
the flash pressure increased, the thermodynamic per-
formance of the system improved. Furthermore, the
net power output and energy efficiency both peaked at
an evaporation pressure of 1.5 MPa.
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Ayub et al. [12] developed a comprehensive model
for a hybrid solar-binary geothermal system that uti-
lizes solar-through technology. They utilized the EES
(Engineering Equation Solver) to implement the mod-
els. The primary emphasis of the optimization was on
maximizing the total work output (Wnet) of the hy-
brid system. To assess the economic performance of
the hybrid system, they utilized the levelized electric-
ity cost (LEC) as a measure. The results revealed a
2% reduction in LEC for the hybrid system compared
to a standalone geothermal system. The technical and
economic assessment of the hybrid system indicates its
superiority over the individual combined systems.

A comparative study conducted by Assareh et
al. [13] analyzed multi-generation systems that used
geothermal and solar energy for producing electric-
ity and hydrogen cleanly, with assessments of energy
and exergy. The study, which focused on the am-
bient temperature of Bandar Abbas city, found that
the geothermal system outperformed the solar sys-
tem. In particular, it led to 11.21% higher hydro-
gen production and 0.17% higher exergy efficiency.

2 System description

Figure 1 illustrates the schematic of the system un-
der study, which incorporates geothermal energy and
solar energy as the main energy sources. This system
also includes an ORC cycle, double-effect absorption re-
frigeration chiller, reverse osmosis system, and proton
exchange membrane electrolyzer. Power generation in
this system is carried out by the ORC cycle turbine and
the TEG unit. Additionally, the double-effect absorp-
tion refrigeration chiller provides the necessary cooling,
while the reverse osmosis (RO) unit and proton ex-
change membrane (PEM) electrolyzer are responsible
for producing fresh water and hydrogen, respectively.
The geothermal fluid is directed from the production
well to the parabolic trough collector (PTC) solar col-
lector for further energy utilization.

The ORC evaporator receives the hot geothermal
fluid initially. In the steam cycle, a turbine is powered
by the working fluid, which absorbs heat from the hot
steam flow, with a steam generator located at point 2.
Then, the remaining thermal energy of the hot water
exiting the steam generator at point 3 drives the gen-
erator of an absorption cooling system. Subsequently,
the steam produced is utilized to preheat the feed water
of a PEM electrolyzer at point 40 through a domestic
water heater (DWH). The reinjection well receives the
geothermal fluid in the end. At the same time, the elec-
tric energy from the ORC cycle and the TEG unit is
used to operate a reverse osmosis desalination system

and a PEM electrolyzer. Freshwater and hydrogen for
different uses are produced by these systems.

There are several equations necessary to model the
studied system, including mass balance, energy bal-
ance, and exergy equations.∑
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The PTC solar collector in this research uses a
nanofluid composed of Therminol VP1 as the base fluid
and Al2O3 nanoparticles. These nanoparticles were se-
lected for their exceptional and varied physical char-
acteristics, which surpass those of base fluids. The
thermodynamic properties of these nanoparticles are
provided in Table 1.

Table 1. Characteristics of nanoparticles under in-
vestigation [14].

Particle ρ (kg/m3) k (W/m.K) cp (kJ/kg.K)

Al2O3 3970 40 0.765

The density, specific heat capacity, thermal conduc-
tivity and dynamic viscosity of nanofluids are presented
as follows [15]:

ρnf = ϕρnp + (1 − ϕ)ρbf , (5)

cp,nf =
ρnpϕcp,np + ρbf(1 − ϕ)cp,bf

ρnf
, (6)

knf = kbf
knp + 2kbf + 2(knp − kbf)(1 + β)3ϕ

knp + 2kbf − (knp − kbf)(1 + β)3ϕ
, (7)

µnf = µbf(1 + 2.5ϕ+ 6.5ϕ2) , (8)

where ϕ is the nanoparticle volume concentration.

Parabolic trough collector The modeling of the
solar system includes an energy and exergy analysis of
the parabolic trough solar collector in this section [16].
The collector yields valuable power equivalent to:

Qu = ncpncsFRAap

[
S − Ar

Aap
UL(Tr,i − T0)

]
. (9)

In this equation, ncp and ncs represent the number of
parallel and series collectors, respectively.
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Fig. 1. Schematic displaying the proposed multigeneration system.

Also, Aap denotes the collector aperture area, Ar is
the receiver area, and FR represent sthe heat removal
factor. In addition, UL expresses the overall heat loss
coefficient of the collector, and S denotes the absorbed
solar radiation. The collector aperture area is defined
as follows:

Aap = (w −D)L , (10)

in which, w is the width of the collector, D is the outer
diameter of the glass cover and L is the length of the
collector. The radiation absorbed by the receiver is
equal to:

S = Gbηr . (11)

Gb is the solar radiation and ηr is the efficiency. The
heat removal factor is obtained from:

FR =
ṁCp,c

ArUL

[
1 − exp

(
− ArULFl

ṁCp,c

)]
. (12)

Cp,c is the specific heat of the oil in the receiver, and
Fl is the collector efficiency factor, which is defined as

Fl =

1

UL

1

UL
+
Dr,0

hfi
+
Dr,0

2k
ln
Dr,0

Dr,i

. (13)

The expression for the input heat in the linear parabolic
solar collector is presented as follows:

Qs = AapGb . (14)

The efficiency of solar collectors’ energy can be cal-
culated using the equations presented by Duffy and
Beckman [15] in the following manner:

ηth,PTC =
Qu

Qs
. (15)

The exergy of the solar collector is calculated using the
equation provided below.

Ėxs = AapGb

[
1 +

1

3

(T0
Ts

)4
− 4

3

(T0
Ts

)]
. (16)

The energy and exergy balance equations detailed
in Table 2 can be used to determine the heat and power
transferred, as well as the exergy destruction rate of
each component in the proposed multigeneration sys-
tem.
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Table 2. Equations of energy balance and exergy destruction rate for each component of the proposed
system.

Component Energy balance equations Exergy destruction rate equations

Solar collector ṁ1h1 + Q̇u = ṁ2h2 ĖxD,col = Ėxsun + Ėx1 − Ėx2

ORC evaporator Q̇eva,ORC = ṁ2(h2 − h3) = ṁ6(h6 − h9) ĖxD,eva,ORC = Ėx2 + Ėx9 − Ėx3 − Ėx6

ORC turbine Ẇt,ORC = ṁ6(h6 − h7) ĖxD,t,ORC = Ėx6 − Ẇt,ORC − Ėx7

ORC TEG Q̇TEG,ORC = ṁ7(h7 − h8) = ṁ10(h11 − h10) ĖxD,TEG,ORC = Ėx7 + Ėx10 − Ėx8 − Ėx11

ORC pump Ẇp,ORC = ṁ8(h9 − h8) ĖxD,p,ORC = Ẇp,ORC − Ėx8 + Ėx9

DEARC-High
desorber

Q̇Hdes,DEARC = ṁ3(h3 − h4)
Ėxd,DEARC,Hdes =
Ėx3 + Ėx24 − Ėx4 − Ėx25 − Ėx28

DEARC-High
condenser

Q̇Hcond,DEARC = ṁ28(h28 − h29) Ėxd,Hcond,DEARC = Ėx28 − Ėx29

DEARC-Solution
heat exchanger 1

Q̇SHX1,DEARC = ṁ15(h15 − h16)

= ṁ13(h14 − h13)

Ėxd,SHX1,DEARC =
Ėx13 + Ėx15 − Ėx14 − Ėx16

DEARC-Solution
heat exchanger 2

Q̇SHX2,DEARC = ṁ25(h25 − h26)

= ṁ23(h24 − h23)

Ėxd,SHX2,DEARC =
Ėx23 + Ėx25 − Ėx24 − Ėx26

DEARC-Low
condenser

Q̇Lcond,DEARC = ṁ18h18 + ṁ30h30 − ṁ19h19

= ṁ31(h32 − h31)

Ėxd,Lcond,DEARC =
Ėx18 + Ėx30 + Ėx31 − Ėx19 − Ėx32

DEARC-Evaporator Q̇eva,DEARC = ṁ21(h21−h20) = ṁ35(h36−h35) Ėxd,eva,DEARC = Ėx20+Ėx35−Ėx21−Ėx36

DEARC-Absorber
Q̇abs,DEARC = ṁ21h21 + ṁ17h17 − ṁ12h12

= ṁ33(h34 − h33)

Ėxd,abs,DEARC =
Ėx21 + Ėx17 + Ėx33 − Ėx12 − Ėx34

DEARC-Pump 1 Ẇp1,DEARC = ṁ12(h13 − h12) Ėxd,p1,DEARC = Ẇp1,DEARC + Ėx12 − Ėx13

DEARC-Pump 2 Ẇp2,DEARC = ṁ22(h23 − h22) Ėxd,p2,DEARC = Ẇp2,DEARC + Ėx22 − Ėx23

PEM ẆPEM = (ṁ42h42 − ṁ43h43 − ṁ44h44) ĖxD,PEM = Ėx42 + ẆPEM − Ėx43 − Ėx44

DWH Q̇DWH = ṁ4(h4 − h5) = ṁ40(h41 − h40) ĖxDWH = Ėx4 + Ėx40 − Ėx5 − Ėx41

RO ẆRO = (ṁ37h37 − ṁ38h38 − ṁ39h39) ĖxD,RO = Ėx37 − Ėx38 − Ėx39

COP COP =
Q̇eva,DEARC

Q̇Hdes,DEARC + Ẇnet,DEARC

Thermal efficiency ηth,tot =
ẆORC + ẆTEG + Q̇cooling + Q̇DWH + ṁ43HHVH2

− ẆPEM + ṁ38h38 − ẆRO

Q̇u + ṁ1h1

Exergy efficiency ηex,tot =
ẆORC + ẆTEG + Ėxcooling + Ėx43 + Ėx44 + Ėx41 − Ėx40 + Ėx38

Ėxin,sun + Ėx1

3 Results and discussions

The analysis of thermodynamics relies on specific as-
sumptions and input information. The system being
discussed is based on the following assumptions:

• The system is in a state of steady operation.
• Heat loss from system boundaries is negligible.
• Potential and kinetic energy changes, as well as

pressure loss in pipes and heat exchangers, are

neglected.
• All turbines, pumps, condensers, and valves are

assumed to operate as adiabatic systems.
• The condenser output streams are considered

saturated liquid, while the evaporator output
streams are assumed to be saturated vapor. Isen-
tropic efficiency is evaluated for pumps and tur-
bines.

• The absorber outlet and both desorber outlets
are assumed to be in equilibrium.
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• The assumption is that solar radiation is consis-
tent and evenly distributed.

• It is assumed that geothermal hot water is un-
contaminated and of high purity.

Table 3 shows the input parameters for system mod-
eling. These parameters must be set initially before
conducting any further calculations.

Table 3. Parameters for the current study’s model-
ing need to be input.

Parameters Unit Value

Geothermal

The temperature of the
production well, T1

◦C 90

Solar [17]

The collector width, w m 5.76

The collector length, L m 12.27

The outside diameter of
receiver, Do,r

m 0.07

The inlet temperature of
receiver, Tri

◦C 90

Solar radiation intensity, Gb W/m2 850

RO [18]

Recovery ratio, RR - 0.3

Elements numbers, ne - 7

Pressure vessels numbers, nv - 42

Seawater salinity, Xf g/kg 43

ORC [19,20]

Inlet pressure of turbine, P6 kPa 3000

Outlet pressure of turbine, P7 kPa 300

Turbine isentropic efficiency,
ηt,ORC

% 85

Pump isentropic efficiency,
ηp,ORC

% 80

PEM [21]

PH2
, PO2

atm 1

TPEM
◦C 80

Eact,a kJ/mol 76

Eact,c kJ/mol 18

λa - 14

λc - 10

D mm 50

Jref
a A/m2 1.7 × 105

Jref
c A/m2 4.6 × 103

DEARC [22]

Evaporative temperature, Teva
◦C 5

Condenser temperature, Tcon
◦C 35

Absorber temperature, Tabs
◦C 35

Desorber temperature, Tdes
◦C 80

SHX % 80

The absence of a specific arrangement documented
in the literature prevents complete validation of the
proposed system, necessitating validation on a subsys-
tem basis. The validation of the double-effect absorp-
tion chiller introduced in this research has been con-
ducted using the data presented by Herold et al [23].

Table 4. Validation of the double-effect absorption
chiller with ref [23].

This research Ref [23]

COP 1.325 1.359

Qevaporator 354.2 360.6

Qdesorber 267.4 265.4

Upon examining the validation results, it is evident
that the simulation results closely align with the refer-
ences, indicating successful validation of the code. In
the main sub cycles of the system under study, Figure 2
illustrates the exergy destruction rate. The solar collec-
tor clearly shows the highest rate of exergy destruction
in both systems. After the solar collector, the ORC
cycle has the second-highest exergy destruction rate in
both systems. In the solar system, a significant portion
of the solar radiation’s exergy is dissipated into the en-
vironment as thermal waste from the solar collectors.
One contributing factor to the elevated destruction rate
in solar systems is the substantial temperature differen-
tial between the fluid entering the panel and its surface
temperatures.

Fig. 2. Exergy destruction rate in the main sub
cycles of the PTC-based system.

Figure 3 illustrates how the power output of the
ORC turbine and the TEG unit is affected by the per-
centage of Al2O3 nanoparticles. The graph specifically
presents the power generated by the TEG unit on the
left and the power produced by the turbine. An anal-
ysis of the impact of the nanoparticle percentage in
the nanofluid revealed that the power output of the
ORC turbine increased, while the power generated by
the TEG unit decreased. The temperature exiting the
turbine decreases as the percentage of nanoparticles in
the nanofluid increases, leading to a reduction in TEG
power production. Inlet temperature greatly affects the
performance of the TEG unit. For example, when the
nanoparticle concentration is increased from 0 to 0.1,
the power production rate of the ORC turbine increases
from 67.93 kW to 68.21 kW, while the production rate
of the TEG unit decreases from 66.03 kW to 63.53 kW.
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Fig. 3. The impact of nanoparticle volume concen-
tration on the amount of power production rates in
the turbine and TEG unit.

In Figure 4, we can see how changing the quanti-
ties of nanoparticles (ranging from 0% to 0.1%) affects
the amount of useful energy gained from the PTC.
When the nanoparticle percentage decreases, there is
a corresponding decrease in the useful energy gain
from the PTC. Specifically, utilizing Al2O3 nanopar-
ticles resulted in a reduction in useful energy gain from
2761 kW to 2603 kW, which was linked to a decrease
in the hydrogen production rate. This reduction in en-
ergy transferred to the ORC cycle suggests that in the
absence of nanoparticles in the base fluid, the useful
energy gain from the PTC was 2761 kW.

Fig. 4. The impact of nanoparticle volume concen-
tration on the amount of useful energy gains from
the PTC.

The PTC’s effective energy gain is influenced by
the solar irradiation it receives. Figure 5 demonstrates
the correlation between solar irradiation and the PTC’s
useful energy gain, indicating a substantial increase in
energy gain with higher solar irradiation levels. The
utilization of Al2O3-based nanofluid led to an eleva-
tion in energy gain from 12591 KW to 14681 KW. This
pattern of escalating energy gain is linked to the higher
solar irradiation energy, resulting in a greater useful en-
ergy gain from the PTC.

Fig. 5. The impact of solar radiation on the amount
of useful energy gains from the PTC.

Figure 6 illustrates the correlation between solar
irradiance and the rates of hydrogen and freshwater
production, demonstrating an increase in production
rates as solar irradiance levels rise. The increased pro-
duction rates stem directly from the intensified solar
irradiation, which enhances the solar energy’s impact
on the receiver, thereby raising the temperature of the
working fluid exiting the PTC. This elevated exit tem-
perature of the working fluid from the receiver tube en-
hances PTC efficiency and increases the heat output of
the ORC cycle. As a result, this leads to higher output
of power and increased rates of hydrogen and freshwa-
ter production. This enables more power to be supplied
to the PEM electrolyzer and the RO unit. The rate of
hydrogen production showed a significant increase with
changes in solar irradiance, rising by 56.1%. Concur-
rently, freshwater production increased by 25%. Specif-
ically, hydrogen production rose from 37.2 kg/day to
57.8 kg/day, and freshwater production went up from
1.188 kg/s to 1.485 kg/s.
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Fig. 6. The impact of solar irradiation on the
amount of hydrogen and freshwater production
rate.

Figure 7 illustrates the correlation between solar
irradiance and power generation by the ORC turbine
and TEG unit. As the solar radiation escalates from
400 W/m2 to 1000 W/m2, there is a noticeable escala-
tion in power output from both the TEG unit and the
ORC turbine, rising from 15.88 kW to 85.73 kW for
TEG and from 53.41 kW to 85.73 kW for the ORC tur-
bine. Increasing the solar radiation results in more en-
ergy being transferred to the ORC cycle, consequently
leading to an overall augmentation in the power pro-
duced by the entire system.

Fig. 7. The impact of solar irradiation on the
amount of power produced by the system.

Figure 8 illustrates the impact of the collector inlet
temperature on the system’s hydrogen and freshwater
production. An increase in the turbine inlet tempera-
ture leads to a higher production of hydrogen and fresh-
water by both the PEM electrolyzer and the RO unit.
This is due to the fact that the rise in turbine inlet
temperature causes an increase in the collector’s outlet
temperature, allowing for a greater transfer of energy
to the sub cycles.

Fig. 8. The impact of the collector inlet temper-
ature on the amount of hydrogen and freshwater
production rate.

4 Conclusion

The research presents a multi-generational setup that
can generate power, heat, cooling, hydrogen, and de-
salinated water concurrently. The following are the
main results from the assessments of energy and exergy
for this combined system. This groundbreaking setup is
created to meet the energy, hydrogen, and clean water
requirements of a zero-energy building. The condensed
results of the thermodynamic examination, in line with
the primary objectives of the system, are detailed be-
low.

• The solar collector has the highest amount based
on the exergy destruction analysis.

• Boosting the nanoparticle concentration leads to
increased power output from the turbine and de-
creased electricity generation from the TEG.

• The collector’s useful energy increases with
higher solar irradiation but decreases with in-
creasing nanoparticle percentage.
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• As solar radiation intensity increases, both the
turbine and TEG unit generate more power, re-
sulting in higher rates of freshwater and hydrogen
production.
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[7] Sezer N, Koç M. Development and performance
assessment of a new integrated solar, wind, and
osmotic power system for multigeneration, based
on thermodynamic principles. Energy Conversion
and Management. 2019;188:94–111. 180

[8] Bicer Y, Dincer I. Development of a new solar and
geothermal based combined system for hydrogen
production. Solar Energy. 2016;127:269–284. 180

[9] Alirahmi SM, Rostami M, Farajollahi AH. Multi-
criteria design optimization and thermodynamic
analysis of a novel multi-generation energy system
for hydrogen, cooling, heating, power, and fresh-
water. International journal of hydrogen energy.
2020;45(30):15047–15062. 180

[10] Yuksel YE, Ozturk M. Thermodynamic and
thermoeconomic analyses of a geothermal energy
based integrated system for hydrogen produc-
tion. International Journal of Hydrogen Energy.
2017;42(4):2530–2546. 180

[11] Wan P, Gong L, Bai Z. Thermodynamic analy-
sis of a geothermal-solar flash-binary hybrid power
generation system. Energy Procedia. 2019;158:3–
8. 180

[12] Ayub M, Mitsos A, Ghasemi H. Thermo-economic
analysis of a hybrid solar-binary geothermal power
plant. Energy. 2015;87:326–335. 181

[13] Assareh E, Delpisheh M, Farhadi E, Peng W,
Moghadasi H. Optimization of geothermal-and
solar-driven clean electricity and hydrogen pro-
duction multi-generation systems to address the
energy nexus. Energy Nexus. 2022;5:100043. 181

[14] Duangthongsuk W, Wongwises S. An experimen-
tal study on the heat transfer performance and
pressure drop of TiO2-water nanofluids flowing
under a turbulent flow regime. International jour-
nal of heat and mass transfer. 2010;53(1-3):334–
344. 181

[15] Ghasemi SE, Ranjbar AA. Thermal perfor-
mance analysis of solar parabolic trough collec-
tor using nanofluid as working fluid: A CFD
modelling study. Journal of Molecular Liquids.
2016;222:159–166. 181, 182

[16] Dudley V, Kolb G, Sloan M, Kearney D. SEGS
LS2 solar collector test results, Report of San-
dia National Laboratories. SANDIA94-1884, USA.
1994;. 181

[17] Al-Sulaiman FA. Exergy analysis of parabolic
trough solar collectors integrated with combined
steam and organic Rankine cycles. Energy Con-
version and Management. 2014;77:441–449. 184

[18] Nafey A, Sharaf M. Combined solar organic Rank-
ine cycle with reverse osmosis desalination process:
energy, exergy, and cost evaluations. Renewable
Energy. 2010;35(11):2571–2580. 184

[19] Khakrah H, Shamloo A, Kazemzadeh Hannani S.
Determination of parabolic trough solar collector
efficiency using nanofluid: a comprehensive nu-
merical study. Journal of Solar Energy Engineer-
ing. 2017;139(5):051006. 184

[20] Tekkanat B, Yuksel YE, Ozturk M. The evalu-
ation of hydrogen production via a geothermal-
based multigeneration system with 3E analysis
and multi-objective optimization. International
Journal of Hydrogen Energy. 2023;48(22):8002–
8021. 184



188 Hydrogen, Fuel Cell & Energy Storage 11(2024) 179–188

[21] Sabbaghi MA, Soltani M, Rosen MA. A compre-
hensive 6E analysis of a novel multigeneration sys-
tem powered by solar-biomass energies. Energy.
2024;297:131209. 184

[22] Kaynakli O, Saka K, Kaynakli F. Energy and ex-
ergy analysis of a double effect absorption refriger-

ation system based on different heat sources. En-
ergy Conversion and Management. 2015;106:21–
30. 184

[23] Herold KE, Radermacher R, Klein SA. Absorp-
tion chillers and heat pumps. CRC press; 2016.
184


	Introduction
	System description
	Results and discussions
	Conclusion

