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ABSTRACT: Production systems have experienced rapid growth over the past few years. Based on 

geothermal energy, the present study explores a unique cogeneration system that includes a proton 

membrane electrolyzer, the Rankine cycle, and a water-ammonia absorption chiller. The model under 

study is designed to generate power and hydrogen, as well as cooling, and it is analyzed from  

an energy and exergy standpoint. For the desuperheater and the absorber, the maximum rate  

of exergy destruction of the Rankin cycle is 34% and 36%, respectively. Furthermore, a parametric 

analysis of the system was conducted, and the cogeneration system was optimized from three 

perspectives: turbine production power, energy efficiency, and exergy. Based on turbine inlet and 

outlet pressure, turbine power, energy efficiency, and system efficiency are optimized. Moreover,  

the optimization calculations made from the perspective of turbine production power show that 

production power values are 101 kW, hydrogen production is 4.24 liters per second, system energy 

efficiency is 82.3%, and the amount of heat absorbed in the evaporator is 57.6 kW. 
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INTRODUCTION 

Fossil fuel resources are declining around the world, 

and their overuse has had environmental consequences. 

Today, the main goal of most countries is to find new 

energy sources and renewable energy. It is predicted that 

the amount of energy produced in the world through 

renewable energy will triple from 2010 to 2035 and will 

reach 31% of the total energy produced worldwide [1]. 

Geothermal energy is one of the renewable energy sources 

that have many benefits. The advantages of geothermal 

energy are the absence of environmental pollutants and its 

high capacity for power generation [2, 3]. The temperature 

of geothermal energy sources varies between 50 and  

350 degrees Celsius. Due to the existence of many low-

temperature sources (90 to 220 degrees Celsius) in the 

world, it is predicted that these sources will be used more 

in the future [4]. On the other hand, organic Rankin cycles 

are the most suitable cycles for geothermal energy [5-7]. 

Therefore, optimizing and improving the performance of 

organic Rankine cycles seems necessary. Hydrogen is one 

of the types of clean energy, and only water is produced 

from its combustion [8, 9]. Also, various types of 

renewable energy such as solar, wind, and geothermal  

can produce it [10-12]. In recent years, the use of proton 

converter membranes to produce hydrogen has become 

very popular due to the production of purer hydrogen and 

the possibility of using renewable energy [13]. 

Researchers have done much research to improve the 

efficiency of geothermal cycles. Ratlamwala and Dincer [14] 

investigated a simultaneous generation of power and 

hydrogen-based on the geothermal energy of a multiple 

evaporation cycle. According to the obtained results,  

the exergy efficiency has increased from 6.53% to 47.29% 

by increasing the number of evaporation stages from  

one stage to five stages. Cao et al. [15] examined seven 

different arrangements of geothermal and hydrogen 

production by electrolysis. Their calculations showed  

a reduction in the cost of hydrogen production in exchange 

for an increase in the temperature of the geothermal 

source. Atalay [16] used geothermal energy to produce 

hydrogen and fresh water and achieved a return on 

investment of 5.6 years. Norouzi et al. [17] analyzed  

a system of cogeneration of power, hydrogen, and cooling 

with solar energy. Based on the results of their research, 

the amount of thermal efficiency was 34.98%, and exergy 

efficiency was 49.17%. Yuksel et al. [18] also examined  

a system of cogeneration of power, hydrogen, and cooling 

and presented that by increasing the temperature of the hot 

source from 130 to 200 ° C, the amount of hydrogen 

produced from 0.03 to 0.075 kg Increases per second. 

Norouzi et al. [19] studied a system of simultaneous 

generation of power, heating, and hydrogen on nuclear 

energy. Based on the results of their work, the amount of 

thermal efficiency, exergy efficiency, and total unit cost of 

production in the optimal state were 94.84%, 47.89%, and 

$ 89.95 per gigajoule, respectively. Balta et al. [20] studied 

a combined system of geothermal and thermochemical 

water separation cycles and investigated the amount of 

hydrogen produced. The results of their thermodynamic 

analysis showed that the cost of hydrogen production  

is directly dependent on the capacity of the plant and  

the exergy efficiency. Cai et al. [21] examined the optimal 

methods of producing hydrogen by electrolysis using 

renewable energy sources and compared their 

effectiveness. Ovalie et al. [22] conducted a study on the 

utilization of hydrogen sulfide to produce hydrogen using 

geothermal energy sources. Mahmoud et al. [23] present  

a review of hydrogen production systems using 

geothermal energy, showing the importance and potential 

of this technology in addition to the main obstacles facing 

this domain. The effect of several parameters was taken 

into consideration, such as geothermal fluid temperature, 

water electrolysis temperature, working fluid, and type of 

power cycle. The different types of geothermal power 

plants were also compared, namely, flash, binary, flash-

binary, recuperative, regenerative, and organic Rankine 

flash cycles. This study covers a wide range of 

investigations regarding hydrogen production rate, 

hydrogen production cost, energetic efficiency, exergetic 

efficiency, exergetic cost, and electricity generated.  A work 

by Parham and Assadi [24] is an attempt to propose  

and analyze a geothermal-based multi-generation system. 

The proposed cogeneration system consists of different 

sections, namely: organic Rankine cycle, geothermal 

wells, absorption heat transformer, domestic water heater, 

and proton exchange membrane electrolyzer. To assess the 

cycle’s performance, thermodynamic models were developed 

and a parametric study was carried out. For this purpose, 

energetic analyses are undertaken on the proposed system. 

Also, the effects of some important variables such as 

geothermal water temperature, turbine inlet temperature, and 

pressure on several parameters such as energy efficiencies
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of the proposed system, water production, net electrical 

output power, and hydrogen production are investigated. It 

is shown that, by boosting geothermal water temperate, 

COP of the AHT increases and flow ratio decreases. 

Additionally, increasing absorber temperature leads  

to the reduction of the energy utilization factor.  

A work by Han et al. [25] proposes a thermodynamic 

analysis and optimization of a flash-binary geothermal 

cycle for power generation and hydrogen production aims 

where the binary cycle used is an organic Rankine cycle  

in which different mixtures of zeotropic fluids are used  

as the working fluid. The integration of ORC and zeotropic 

mixtures presents the considerable capability to combine 

their superiority and further enhance the system 

performance considerably. The superiority of the proposed 

system which combines the advantages of zeotropic 

mixtures with ORC positive aspects is revealed through 

the energy and exergy analysis. Yuksel et al. [26] propose 

an integrated system aiming for hydrogen production with 

by-products using geothermal power as a renewable 

energy source. In analyzing the system, an extensive 

thermodynamic model of the proposed system is 

developed and presented accordingly. In addition, the 

energetic and exergetic efficiencies and exergy destruction 

rates for the whole system and its parts are defined. Due to 

the significance of some parameters, the impacts of 

varying working conditions are also investigated. The 

results of the energetic and exergetic analyses of the 

integrated system show that the energy and exergy 

efficiencies are 39.46% and 44.27%, respectively. 

Furthermore, the system performance increases with  

the increasing geothermal source temperature and reference 

temperature while it decreases with the increasing pinch point 

temperature and turbine inlet pressure. A study by Cao et al. [27] 

uses the total capacity of a medium-temperature geothermal 

source to produce energy-based products and eliminate the 

weakness of the conventional setups, increasing the exergy 

and exergoeconomic performances. A parametric study 

has been implemented to analyze the effect of several main 

parameters on the vital variables including efficiencies, 

exergy destruction rate, sum unit exergy cost, investment 

cost rate, and exergoeconomic factor. Besides, multi-objective 

optimization in different cases has been applied to the 

calculations through a non-dominated sorting genetic 

algorithm II (NSGA-II) to achieve an optimal design.  

The results showed that the performance of the system was 

more sensitive to changing the separators’ operating 

pressure of the plant. Likewise, the optimum exergy 

efficiency and optimum unit exergy cost of the system 

were found to be 12% and 0.0043 $/kWh through the 

exergy/cost multi-objective optimization case, 

correspondingly. A paper by Cao et al. [28] investigates a 

combined cooling and power system driven by geothermal 

energy for ice-making and hydrogen production. The 

proposed system combines the geothermal flash cycle, 

Kalina cycle, ammonia-water absorption refrigeration 

cycle, and the electrolyzer. Geothermal energy can be 

efficiently converted to storable hydrogen and ice. Based 

on the mathematical model, some key parameters are 

analyzed to figure out their effect on the exergetic 

performance. An exergy destruction analysis for all 

components has been performed to find out the distribution of 

exergy inefficiency. The system exergetic efficiency is optimized 

by Jaya algorithm and Genetic algorithm and the 

optimization results are compared. According to the 

parametric analysis, the exergy efficiency decreases as the 

back pressure of the steam turbine and the back pressure 

of the ammonia-water turbine increase. The exergy 

efficiency could increase first and then decline, as flash 

pressure, ammonia-water turbine inlet pressure, and ammonia  

mass fraction of basic solution increase. In a study by 

Yilmaz et al. [29] the thermodynamic and economic analysis 

of geothermal energy-assisted hydrogen production 

system was performed using real-time Artificial Neural 

Networks on Field Programmable Gate Array. During  

the modeling of the system in the computer environment, 

a liquid geothermal resource with a temperature of 200 °C 

and a flow rate of 100 kg/s was used for electricity generation, 

and this electricity was used as a work input in the electrolysis 

unit to split off water into the hydrogen and oxygen. 

Results of previous studies show that multigeneration 

systems have shown great potential to enhance the overall 

system’s efficiency, leading to reduced production costs. 

The integration of another energy source was found to be 

interesting in geothermal-driven hydrogen production 

systems. This would promote the adoption of a multigeneration 

system as well as increase the geothermal fluid’s 

temperature before entering the power cycle. Previous 

research has examined hydrogen production and 

adsorption cooling with an organic Rankine base cycle.  

To achieve higher hydrogen content and more refrigeration 

capacity and increase cycle efficiency, this research uses 



Iran. J. Chem. Chem. Eng. Cogeneration System of Power, Cooling, and Hydrogen ... Vol. 41, No. 2, 2022 

 

Research Article                                                                                                                                                                  709 

the modified organic Rankin cycle, which uses the 

maximum available heat sources. The main purpose of this 

study is to use geothermal energy as a source of low-

temperature energy for a new organic rank cycle to 

cogenerate power, cooling, and hydrogen Also, regarding 

the previous works, it found that many researchers have 

examined geothermal pumps, and it is remarkable that 

there are few types of research which have analyzed  

the direct use of geothermal wells for cogeneration goals. In 

this research, a new cogeneration cycle to produce power, 

hydrogen, oxygen, and heating from geothermal wells 

were investigated. This cogeneration cycle includes  

a new configuration, PEM, and domestic cooling system. 

The purposes of this study are multifold and the use of 

different geothermal wells as the energy source for  

the cogeneration cycle to produce power, heating, cooling, 

and hydrogen; A comprehensive parametric study to 

investigate the effect of parameters on the performance of 

the cycle; Optimization of the cogeneration cycle and 

ORC. Investigating the amount of hydrogen and cooling 

produced, the effect of using two different operating fluids 

(Water + ammonia and R134a), and the use of different 

heat exchanger arrangements to achieve maximum heat 

source use are among the innovations of this study.  

 

EXPERIMENTAL SECTION 

Description of the system 

The present study combines a proton membrane 

electrolyzer system and a water and ammonia absorption 

refrigeration system with an organic Rankine cycle. 

Geothermal energy has been used to power the Rankin-Eli 

cycle. Fig. 1 shows the cycle under consideration, 

including a system for the simultaneous generation of 

power, hydrogen, and cooling with a geothermal energy 

source. This system consists of four subsystems. Organic 

Rankine cycle subsystem, geothermal subsystem, 

absorption cooling subsystem, and hydrogen production 

subsystem. The main output of this system is power, 

hydrogen, and refrigeration, which are produced under the 

organic Rankine cycle system, hydrogen and cooling, 

respectively. The geothermal subsystem supplies the main 

energy of the system. The operating fluid of this cycle, 

according to previous research, is R134a[15], which is first 

pumped to a recycled heat exchanger and preheated  

by recycled heat, and then superheated by geothermal heat 

exchangers to the maximum cycle temperature. This heat 

exchanger consists of an economizer, an evaporator,  

and a superheater. The fluid is first preheated by the recycled 

heat, enters the economizer, then converted to saturated 

steam in the evaporator, and finally in the superheater from 

saturated steam to superheated steam. The superheated 

fluid then enters the turbine and produces work in a real 

process. After passing through the turbine and generating 

power, the operating fluid is still capable of generating 

heat, and its heat can be used to provide the necessary heat 

for the absorption refrigeration cycle. Therefore, it enters 

the de-superheater and supplies the necessary energy to the 

absorption chiller generator. The operating fluid then 

enters the condenser and is converted to a saturated liquid 

by dissipating heat and producing the hot water needed  

for the hydrogen production subsystem, and so on. 

The power generated by the organic Rankine cycle  

in a generator is converted to electrical energy and 

transferred entirely to the proton membrane system to 

produce hydrogen.  

In the electrolyzer system, as shown in Fig. 1, the inlet 

water enters the condenser heat exchanger at atmospheric 

pressure and is heated to the required temperature for the 

electrolyzer system. In an electrolyzer system, the 

hydrogen leaving the cathode dissipates its heat to the 

environment and is stored in a source. The oxygen 

produced at the anode is separated from the mixture  

of water and oxygen by a separator, and finally,  

the remaining water is returned to the electrolyzer to 

produce hydrogen. 

The heat dissipated in the superheater enters the 

generator of an absorption refrigeration system. There,  

the steam is separated from the refrigerant, and the 

refrigerant steam goes to the evaporator after passing 

through the condenser and changing phase to liquid.  

In the evaporator part, absorbing heat from the pipes inside 

the evaporator causes cooling and reduces the temperature 

of the fluid. The liquid separated in the generator, called  

a concentrated solution enters the absorber to absorb  

the refrigerant vapor. Two heat exchangers have been used 

to increase heat exchange and system efficiency. 

Geothermal water in a saturated liquid state first enters 

the superheater and then enters the evaporator and 

economizer, and with heat exchange and energy transfer, 

the temperature decreases and returns to earth. To simplify 

the equations, the following hypotheses have been used [23]. 

• All cycle components operate in a steady state. 
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Fig. 1: Proposed model of the system for cogeneration of power, hydrogen, and cooling. 

 

• Pressure drops of pipes, heat exchangers, and other 

components are omitted. 

• water is used in the geothermal cycle and the R134a 

is used in the ORC unit.  

• Ambient temperature and pressure are equal to 25 oC 

and 100 kPa, respectively. 

• The geothermal water temperature is assumed to be 

169°C, and its flow rate is 1 kg/s[23]. 

• The whole adiabatic system is considered, and heat 

loss is eliminated. 

The input data for the organic Rankine cycle, the 

adsorption refrigeration system, and the proton membrane 

electrolyzer system are given in Table 1. 

 
Energy analysis and exergy 

To model, the system's energy, mass, and energy 

conservation rules must be applied to each component of 

the system. For this purpose, each element is considered as 

a control volume [24]. 

∑ mi
.

i = ∑ me
.

e                                                                     (1) 

𝑄. − 𝑊 . = ∑ 𝑚𝑒
. ℎ𝑒 − ∑ 𝑚𝑖

. ℎ𝑖𝑖𝑒                                             (2) 

 Exergy [24] is divided into physical exergy, chemical 

exergy, kinetic exergy, and potential exergy. Due to small 

changes in speed and altitude, and changes in the chemical 

composition of flows, the terms of kinetic, potential, and 

chemical exergy have been omitted in this study (chemical 

exergy is only considered during the fuel cell process). 

Physical exergy is considered the maximum useful work 

of the theory obtained by the system in interaction with the 

environment in equilibrium conditions [25]. Considering 

the first and second laws of thermodynamics, the exergy 

balance can be considered as follows. 

𝐸𝑥𝑄
. + ∑ 𝑚𝑖

. 𝑒𝑥𝑖 =𝑖 ∑ 𝑚𝑒
. 𝑒𝑥𝑒 + 𝐸𝑥𝑊

. +𝐸𝑥𝐷
.

𝑒                        (3) 

Indices i and e specify the input and output exergy to 

the control volume. ExD represents exergy destruction, 

and the other terms are determined by Equations (4-6). 

𝐸𝑥𝑄
. = (1 −

𝑇0

𝑇𝑖
)𝑄𝑖

.                                                                 (4) 

𝐸𝑥𝑊
. = 𝑊 .                                                                                             (5)  

𝑒𝑥 = 𝑒𝑥𝑝ℎ = (ℎ − ℎ0) − 𝑇0(𝑠 − 𝑠0)                                      (6) 

The energy efficiency of the cogeneration system under 

consideration is calculated based on Eq. (7)[25-29]. 

η
𝑡ℎ

=
𝑊𝑛𝑒𝑡

. +𝑄ℎ𝑒𝑎𝑡𝑖𝑛𝑔
.

𝑄𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦+𝑄𝐺𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙
                                                (7) 

𝑄𝑏𝑟𝑖𝑛𝑒
. = 𝑚9

. (ℎ10 − ℎ9) + 𝑚11
. (ℎ12 − ℎ11)                         (8) 

𝑊𝑛𝑒𝑡 = 𝑊𝑡𝑢𝑟𝑏𝑖𝑛𝑒 − 𝑊𝑝𝑢𝑚𝑝𝑠                                               (9) 

The exergy efficiency of the cogeneration system is obtained 

based on Eq. (10)[30]. 

η
𝑒𝑥

= 1 − (
𝐸𝑥𝐷,𝑡𝑜𝑡

𝐸𝑥𝑄𝐺𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙+𝐸𝑥𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦
)                                  (10) 
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Table 1: Organic Rankin cycle input data [15]. 

Parameter Value 

Isentropic turbine efficiency (%) 80 

Isentropic pump efficiency (%) 80 

Inlet pressure to the turbine (kPa) 3800 

Turbine outlet pressure (kPa) 1150 

Pinch Superheater temperature difference (oC) 5 

Condenser pinch temperature difference (oC) 5 

Condenser inlet water pressure (kPa) 100 

Inlet water flow to the superheater (kg/s) 1.1 

Solar Converter Pinch Temperature Difference (oC) 10 

Evaporator pinch temperature difference (oC) 5 

Super Heater Pinch Temperature Difference (oC) 10 

Absorption refrigeration cycle input data 

Condenser inlet water temperature (oC) 30 

Condenser outlet water temperature (oC) 35 

Evaporator inlet water temperature (oC) 7 

Evaporator outlet water temperature (oC) 12 

Heat exchanger efficiency (%) 90 

Pump efficiency (%) 80 

Condenser, evaporator, and absorber water pressure (kPa) 100 

Generator inlet water pressure (kPa) 200 

Proton membrane electrolyzer input data [20] 

Parameter value Parameter Value 

Po (bar) 1 T PEM (oC) 76 

D (mm) 50 E act,a (kJ/mole) 18 

F (C/mol) 96486 E act,c (kJ/mole) 14 

𝐽𝑎
𝑟𝑒𝑓

 (A/m2) 170000 𝜆𝑎 10 

𝐽𝑐
𝑟𝑒𝑓

 (A/m2) 4600 𝜆𝑐 80 

 

Tables 2 and 3 present the Rankine cycle exergy 

equations and the absorption cycle[31-34]. 

The electrolyzer relationships are presented 

 in Table 4. 

To solve the system, first energy analysis and then 

exergy analysis is performed for it. EES software has been 

used to solve thermodynamic equations. 

 

Optimization 

In the proposed cogeneration system, the turbine 

output power, the heat generated in the condenser, and the 

cogeneration system's efficiency depend on the pressures 

before and after the turbine (P6 and P7). These two states 

shows are effective on the electricity generated in this 

system and both can be analyzed to estimate the most 

suitable turbine configuration and throttle pressure. In this 

paper, three different optimal functions are defined and 

optimized for two variables. Optimization is done using 

the genetic algorithm method and EES software. This 

algorithm was first introduced by John Hand. The genetic 

algorithm is based on the gradual evolution of living things 

[34-37]. 
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Table 2: Exergy rates of fuel and Rankine cycle product. 

Product Exergy Fuel Exergy Component name 

Wtur
.  E6

. − E7
.  Turbine 

E10
. − E9

.  E7
. − E8

.  Superheater 

E12
. − E11

.  E8
. − E1

.  Condenser 

E2
. − E1

.  Wpump
.  Pump 

E3
. − E2

.  E14
. − E13

.  Recovery heat exchanger 

E4
. − E3

.  E17
. − E18

.  Economizer 

E5
. − E4

.  E16
. − E17

.  Evaporator 

E6
. − E5

.  E15
. − E16

.  Super Heater 

 

Table 3: Exergy rates of fuel and absorption cycle product. 

Product Exergy Fuel Exergy Component name 

E36
. − E35

.  E25
. − E26

.  Condenser 

E30
. − E29

.  E26
. − E27

.  Liquid-steam heat exchanger 

E28
.  E27

.  Expansion valve 

E34
. − E33

.  E28
. − E29

.  Evaporator 

E22
. + E32

.  E30
. + E31

. + E21
.  Absorber 

E23
. − E22

.  Wpump
.  Pump 

E24
. − E23

.  E19
. − E20

.  Soluble heat exchanger 

E9
. + E19

. + E25
.  E10

. + E24
.  Generator 

 
Table 4: Relationships of proton membrane electrolyzers [20]. 

Equation Parameter 

V = VO + Vact,c + Vact,a + Vohm Electrolyzer voltage 

Eelectric = JV, Eelectric = WORCT
.  Electrolyzer power consumption 

Vact,c =
RT

F
sinh−1 (

J

2J0,c

) 

J0,c = ∫ exp (
−Eact,c

RT
)     

ref

c

 

Cathode activation potential 

Vact,a =
RT

F
sinh−1 (

J

2J0,a

) 

J0,a = ∫ exp (
−Eact,a

RT
)    

ref

a

 

Anode activation potential 

Vohm = JRPEM 

RPEM = ∫
dx

σPEM[λ(x)]

D

0

 

λ(x) =
λa − λc

D
x + λc 

σFEM[λ(x)] = [0.5139λ(x) − 0.326] × exp [1268 (
1

303
−

1

T
)] 

Ohmic potential 

VO = 1.229 − 0.00085(TPEM − 298) Reversible potential 

NH2,out
. =

J

2F
= NH2O,reacted

.  Molar flow rate of oxygen 

NO2,out

. =
J

4F
 Molar flow rate of oxygen 

NH2O,out
. = NH2O,in

. −
J

2F
 Residual water flow rate 
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Table 5: Range of changes in optimization parameters.  

Symbol Range Parameter name 

P6 3000-3800 Turbine inlet pressure (kPa) 

P7 500-1150 Turbine outlet pressure (kPa) 

*Both the Turbine inlet and outlet can be considered the most important parameters in designing any Rankine system. The turbine inlet is the throttle 

pressure which significantly impacts the overall performance and configuration of the system and turbine outlet pressure is effective on the condensing 

system and turbine sizing.  

 

Table 6: Functional parameters of a cogeneration system (for R134a as operating fluid). 

Value Variable name 

70.45 Turbine generation capacity (kW) 

7.72 Pump power (kW) 

118.7 Superheater heat (kW) 

494.9 Condenser heat (kW) 

83.5 Heat absorbed in the evaporator (kW) 

3.133 Hydrogen produced (lit/s) 

0.712 Absorption system performance coefficient 

0.740 Energy efficiency of cogeneration system 

0.651 Exergy efficiency of the cogeneration system 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Hydrogen Production Modeling Results [29]. 

 

In the present study, optimization is performed 

based on the effective parameters (P6 and P7).  

The range of changes in these parameters is presented 

in Table 5. 

 

RESULTS AND DISCUSSION 

In the first case of the cogeneration system, the pre-

turbine pressure values of P7 are 3800 kPa, and the post-

turbine pressure is 1150 kPa. The values of system 

performance parameters are presented in Table 6. For this  
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Organic Rankine Cycle Modeling Results [30]. 

 

case, the thermodynamic properties of different points of 

the organic Rankine cycle and the adsorption refrigeration 

cycle are presented in Table 7. 

 

Validation 

To determine the accuracy of the calculations, the 

hydrogen production and organic Rankine cycle sections 

are compared with the results of previous studies, and the 

results are presented in Figs. 3 and 4, which show a good 

agreement between the results. 
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Table 7: Thermodynamic properties of the proposed cycle. 

Fluid 
T 

(oC) 
Xi 

m 

(kg/s) 

h 

(kJ/kg) 

S 

(kJ/kg.k) 
State Fluid 

T 

(oC) 

P 

(kPa) 

m 

(kg/s) 

h 

(kJ/kg) 

s 

(kJ/kg.k) 
State 

Water + ammonia 95.0 0.397 0.294 198.0 1.187 19 R134a 44.66 1150 2.634 115.4 0.417 1 

Water + ammonia 41.1 0.397 0.294 -43.90 0.478 20 R134a 47.00 3800 2.634 118.3 0.419 2 

Water + ammonia 41.3 0.397 0.294 -43.90 0.481 21 R134a 90.04 3800 2.634 192.0 0.634 3 

Water + ammonia 35.0 0.513 0.365 -82.41 0.366 22 R134a 97.77 3800 2.634 215.5 0.698 4 

Water + ammonia 35.2 0.513 0.365 -81.12 0.367 23 R134a 97.77 3800 2.634 267.2 0.837 5 

Water + ammonia 74.4 0.513 0.365 113.51 0.957 24 R134a 159.0 3800 2.634 375.1 1.112 6 

ammonia 74.4 0.990 0.073 1422 4.615 25 R134a 114.0 1150 2.634 348.2 1.128 7 

ammonia 35.0 0.990 0.073 158.2 0.587 26 R134a 71.66 1150 2.634 303.3 1.006 8 

ammonia 9.9 0.990 0.073 37.94 0.180 27 Water 78.41 200 1.1 328.2 1.057 9 

ammonia 2.0 0.990 0.073 37.94 0.186 28 Water 103.8 200 1.1 435.8 1.352 10 

ammonia 7.0 0.990 0.073 1203 4.389 29 Water 15.0 100 2.293 63.1 0.225 11 

ammonia 32.1 0.990 0.073 1323 4.812 30 Water 66.67 100 2.293 279.0 0.913 12 

Water 30.1 - 5.353 123.9 0.437 31 Air 68.02 100 6 341.9 5.836 13 

Water 35.0 - 5.353 146.9 0.506 32 Air 100.0 100 6 374.2 5.926 14 

Water 12.0 - 3.983 50.55 0.181 33 Geo 169.1 772.5 1 715.0 2.032 15 

Water 7.0 - 3.983 29.76 0.107 34 Geo 102.9 772.5 1 431.2 1.338 16 

Water 30.0 - 4.33 125.9 0.437 35 Geo 102.9 772.5 1 431.2 1.338 17 

Water 35.1 - 4.33 146.8 0.506 36 Geo 88.1 772.5 1 369.3 1.169 18 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Exergy destruction of organic Rankine cycle components. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Exergy destruction rate of absorption cycle components. 

 

Fig. 4 shows the exergy destruction rate of Rankine 

cycle components and Fig. 5 shows the exergy destruction  

of adsorption refrigeration cycle components. 

According to Fig. 4, the highest rate of exergy 

destruction (34%) is related to the desuperheater, which 

is the cause of the large temperature difference between 

the two fluids. For this purpose, and to use the recycled 

heat of this component, an adsorption refrigeration 

cycle is coupled to the Rankin cycle, which uses  

the superheater heat to produce cooling in the absorption 

cycle evaporator. The degree of exergy destruction of 

the absorption refrigeration cycle components is shown 

in Fig. 5 which is aligned with the results of other papers 

[30-50]. 



Iran. J. Chem. Chem. Eng. Cogeneration System of Power, Cooling, and Hydrogen ... Vol. 41, No. 2, 2022 

 

Research Article                                                                                                                                                                  715 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Turbine power and condenser heat with pressure P6. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Energy efficiency and exergy of the system with pressure P6. 

 

According to Fig. 5, the most exergy destruction with 

36% is related to the absorber part and then the absorption 

cycle condenser with 34% is the most exergy destruction. 

 

Parametric analysis 

In this paper throttle and turbine outlet pressures are 

studied. These two parameters are effective on all other 

parameters of the system. The Upper and lower pressure 

of a Rankine cycle determines the power output of the 

system and  Both the Turbine inlet and outlet can be 

considered the most important parameters in designing any 

Rankine system. The turbine inlet is the throttle pressure 

which significantly impacts the overall performance and 

configuration of the system and turbine outlet pressure  

is effective on the condensing system and turbine sizing 

[50-60]. 

To influence the system parameters on system 

performance, parametric analysis is performed. Fig. 6 

shows the changes in turbine output power and condenser 

heat released in terms of pre-turbine pressure (P6). As the 

turbine inlet pressure increases, the turbine output power 

initially increases, and this increase continues to 3436 kPa. 

After that, with the increasing pressure of the fluid entering 

the turbine, the production capacity decreases. On the 

other hand, the amount of heat released in the condenser 

increases with increasing turbine inlet pressure to 3362 kPa 

and then decreases. Parametric changes based on Figs. 6-8 

have created the optimal point for the turbine output 

power, system energy, and exergy efficiency, the amount 

of hydrogen produced and the heat released in the 

condenser. The existence of an optimal point for the 

organic Rankin cycle, according to the second equation of 

Table 4, will optimize the power required for the 

electrochemical reaction, followed by the current density 

and the amount of hydrogen produced, because obtaining 

the optimal turbine inlet pressure point in the Rankin cycle 

creates the corresponding optimal point in The electrolyzer 

system and the heat acquired by the water will enter the 

proton membrane system[60-75]. 

On the other hand, changes in system parameters will 

create an optimal state for the system's exergy efficiency 

and the heat absorbed in the absorption cycle evaporator. 

With increasing turbine inlet pressure, the amount of 

exergy efficiency first increases and then decreases. Still, 

the amount of heat absorbed in the evaporator decreases 

steadily with increasing turbine inlet pressure, which 

causes the turbine inlet temperature to decrease and 

consequently decrease. The enthalpy and heat given to the 

generator will be the absorption cycle. Therefore, system 

optimization has led to finding the optimal pressure  

for the turbine. These changes are shown in Fig. 9. 

The results of the effect of turbine outlet pressure on 

the energy efficiency and exergy of the cogeneration 

system are shown in Fig. 10. As the output pressure of the 

turbine increases, the temperature and enthalpy of point 7 

will increase, and following the decrease in the production 

capacity of the turbine, the amount of energy efficiency 

and exergy will also decrease. On the other hand, as the 

output pressure of the turbine increases, the amount of heat 

produced in the superheater increases. To find the optimal 

point of turbine outlet pressure, changes in turbine outlet 

pressure with changes in turbine output power and energy 

and exergy efficiencies have been investigated. 

The changes in heat released in the superheater,  

the turbine generating capacity, the energy efficiency, and 

the exergy of the system simultaneously are shown in Figs. 10-12. 
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Fig. 8: Hydrogen production and turbine power with pressure P6. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: Evaporator heat and exergy efficiency with pressure P6. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10: Superheater heat and P7 pressure output power. 
 

According to the results of Figs. 10, 11, and 12, with 

increasing turbine outlet pressure, the amount of heat released 

in the superheater (Qdsh) also increases due to the higher inlet 

temperature of the superheater, but on the other hand,  

the amount of turbine work is energy efficiency. And the 

exergy efficiency of the cogeneration system is reduced.  

Due to the changes in the system's operating parameters  

and according to Figs. 10, 11, and 12, the power output,  
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: Superheater heat and exergy efficiency(Pressure P7). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Superheater heat and system energy efficiency (Pressure P7). 

 

energy efficiency and exergy of the system have an optimal 

point relative to the turbine output pressure. 

 

Optimization results 

The results of the cogeneration system optimization 

calculations are presented in Table 8. This optimization has 

been done from three different perspectives. According to the 

results of Table 8, the performance parameters of the system 

are different from different perspectives. From the point of 

view of maximizing the production capacity of the turbine,  

in this case, the amount of production power, cogeneration 

efficiency, and the amount of hydrogen produced are equal to 

101.2 kW, 0.8229, and 4.239 liters per second, respectively. 

The constraints and investigation parameters are explained  

in Table 5. The initial population is set 50 and the generation 

number is 200.  

 

CONCLUSIONS 

In this research, the proposed power, cooling, and 

hydrogen cogeneration system was thermodynamically 

analyzed and optimized from three different approaches. 
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Table 8: Optimal performance of the proposed cycle from three different approaches. 

To the power of the turbine To the efficiency of the cogeneration system To exergy efficiency Optimal values 

3436 3366 3362 Turbine inlet pressure (kPa) 

732.4 792.1 725.1 Turbine outlet pressure (kPa) 

101.3 99.31 105.3 Turbine output power (kW) 

0.823 0.833 0.839 Cogenerative energy efficiency 

812.0 0.791 0.842 Cogenerative exergy efficiency 

4.24 4.17 4.38 Hydrogen production (L/s) 

652.6 660 480.0 Condenser heating (kW) 

81.8 91.5 79.6 Superheater heating (kW) 

57.6 64.5 56.0 Heat absorbed in the evaporator (kW) 

 

The main results of the research can be briefly described 

as below. In summary, the highest amount of exergy 

destruction in the organic Rankin cycle was obtained for 

the superheater and in the absorption cycle for the 

absorber. Also, from the point of view of maximum turbine 

output power(most optimum state), energy and exergy 

efficiency and the amount of hydrogen produced in the 

system were equal to 101.2 kW, 82.3%, 81.0%, and 

4.239l/s, respectively.  
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