
Iran. J. Chem. Chem. Eng. Research Article Vol. 42, No. 4, 2023 

 

Research Article                                                                                                                                                                  1343 

 

3E Analysis of a Trigeneration System  

for Heat, Water, and Power Production 
 

 

Norouzi, Nima  

Department of Energy Engineering and Physics, Amirkabir University of Technology (Tehran Polytechnic), 

Tehran, I.R. IRAN 

 

Bozorgian, Alireza
*+

 

Department of Chemical Engineering, Mahshahr Branch, Islamic Azad University, Mahshahr, I.R. IRAN 

 

 

ABSTRACT: With climatic conditions and close to flooding areas for the system under construction, 

an energy production system using two types of renewable energy, estuary, and wind, has favorable 

wind speed conditions. The Steam cycle is designed with a parabolic-linear collector to maximize  

the use of the heat generated by the system, which is then transferred by an evaporator and a steam 

turbine to produce energy. The evaporator must generate a single-effect absorption refrigeration 

system to generate a cooling load. Its main components are a steam-Rankine cycle, organic Rankine 

cycle, thermoelectric, absorption refrigeration, reverse osmosis, and a parabolic-linear manifold. 

The system was modeled using EES software to obtain thermodynamic results. Based on the results, 

solar systems with a central receiver have the highest energy losses. The exergy analysis revealed 

that the solar system has 60%, and the wind turbines have 17% of the system’s exergy losses. 

 

 

KEYWORDS: Solar system; Steam cycle; Absorption refrigeration cycle; Reverse osmosis 

desalination plant; Wind turbine. 

 

 

INTRODUCTION

Due to the industrialization of most cities, energy 

demand grew significantly. The continuous increase in 

energy demand has led to the widespread use of carbon-

containing fossil fuels, which has caused significant 

damage to the environment and human health. In recent 

years, many efforts and programs have been made to 

reduce the use of fossil fuels. Renewable energy sources 

such as solar and wind have been introduced as reliable 

sources for clean energy production. Solar power plant 

technology using parabolic-linear concentrators is the 

most significant method among thermal-electric methods 

for renewable energy production. 
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In 2020, Kumar Gupta et al. [1] proposed a proposed 

system consisting of an organic Rankin cycle with a triple-

pressure level absorption system and a parabolic-linear 

solar collector system. This system generates electricity 

and refrigeration simultaneously at two different 

temperatures. This study investigated the effect of different 

inlet parameters such as solar radiation, turbine inlet 

pressure, turbine outlet pressure, and evaporator 

temperature on the schematic subsystems. In 2020, 

Dubkram et al. [2] thermodynamically analyzed a multiple 

power generation system by thermal energy from a solar 

system of a parabolic-linear solar collector. The results 
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showed that increasing the turbine inlet temperature 

increased efficiency and decreased overall energy losses. 

The results also showed that the two main sources of exergy 

losses are the solar system and the desalination unit. 

In 2020, Alirehmi et al. [3] proposed a multiple-

generation system based on geothermal energy and a 

parabolic-linear solar collector system for simultaneous 

electricity generation, cooling load, freshwater, hydrogen, 

and heat. To optimize the objectives of this research, EES and 

MATLAB software were interconnected using the Dynamic 

Exchange Data method. Finally, the system’s efficiency and 

total unit cost were 29.95% and 129.7 $/GJ, respectively. 

In 2020, Al-Otaibi et al. [4] investigated the performance 

of a conventional steam power plant with a regenerative 

system equipped with a parabolic-linear solar collector 

system. The system analysis results showed that removing 

the LP turbine increases the performance of the steam power 

plant up to 9.8 MW / h. The optimal area for the solar system 

in these conditions was estimated at 25,850 square meters. 

In 2019, Ahyaee et al. [5] conducted thermodynamic 

analysis, energy and exergy, and economic analysis using  

a linear parabolic solar collector. The optimization results 

showed that the exergy efficiency, energy efficiency, and 

costs are 29.29%, 35.55%, and $ 0.0142/kWh, respectively. 

In 2019, Toghyani et al. [6] used a nanofluid fluid  

in a parabolic-linear solar collector to cool the solar system 

and produce hydrogen. The results show that hydrogen 

production increases under higher solar intensities because 

the Rankin cycle transfers more energy to the PEM. 

Al-Zahrani and Dincer [7], 2018, studied the energy 

and exergy of parabolic-linear solar collectors as part  

of a solar power plant under different design and 

performance conditions. Finally, the energy and exergy 

efficiency rates of 35.66% and 38.55% were reported, 

respectively. In 2019, Yilmaz [8] reviewed the 

comprehensive thermodynamic performance and 

economic evaluation of a combined ocean thermal energy 

system and a wind farm. The results show that the hybrid 

system’s overall energy and exergy efficiencies are 

12.27% and 34.34%, respectively. The cost of the 

proposed system was reported to be $ 3.03 per hour. Isaac 

& Dincer [9] In 2020, a new idea for hydrogen production 

using wind energy and methanol application. The proposed 

system used industrial carbon emissions to produce methanol. 

EES and Aspen Plus software were used to model and 

analyze the system. Bamisile  et al (2020) [10] modeled a 

power generation system using wind, solar, and biogas 

energy and analyzed the system’s energy and exergy. The 

results showed that the system’s overall energy efficiency 

varies from 64.91% to 71.06%, while the exergoeconomic 

efficiency increases from 31.80% to 53.81%. In 2018, 

Kianfard et al. [11] investigated a renewable system to 

produce fresh water and hydrogen-based thermal energy. 

The results showed that the investment costs per unit of 

reverse osmosis desalination plant were obtained by 

economic analysis with 56%. The cost of producing 

freshwater was estimated at 32.73 cents per cubic meter. 

Ali Rahmi and Asareh [12] In 2020, analyzed the energy, 

exergy, and economy and multi-objective optimization of 

multiple energy systems, including hydrogen production, 

freshwater, cooling, heating, hot water, and electricity in 

Dezful city. The two objective functions of this study were 

exergy and total cost, which were optimized by a genetic 

algorithm. Finally, the best value for exergy efficiency was 

31.66%, and the total unit rate was 21.9 $/GJ. In 2020, 

Mohammadi et al. [13] designed a combined cycle gas 

turbine to generate electricity, freshwater, and cooling. The 

results showed that reverse osmosis is more economical 

than a combined MED-RO system. System costs for 

electricity, water, and cooling were also reported at $ 0.0648 

per kilowatt-hour, $ 0.7219 per cubic meter, and $ 0.0402 

per hour, respectively. 

A study by Haghanimanesh et al. [14] presents an 

analysis of a combined heating, cooling and power cycle that 

recovers the thermal energy of waste steel slag. The cycle 

utilizes the biogas produced from anaerobic digestion process 

of wastewater and sewage of residential areas. A 

thermodynamic model used for the trigeneration cycle and the 

performance of the cycle investigated from exergy and 

exergy-economic aspects. The power production capacity of 

the cycle, the cooling capacity and hot water production rate 

achieved 700 kW, 40 tons of refrigeration and 29400 kg/h, 

respectively. Also, the results of exergy-economic analysis 

indicate that the costs of power exergy, cooling and heating 

produced by the combined cycle are 30.14 $/h, 28.73 $/h and 

29.25 $/h, respectively. Among six working fluids that 

examined for the organic Rankine cycle, R123 had the highest 

efficiencies (16% to 28%) in the turbine inlet temperature 

range of 200 °C to 420 °C and the highest output power was 

about 50 kW. Moreover, the highest growth rate of exergy 

efficiency and power generation in this temperature range 

observed when HFE7000 used as the working fluid. 
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In research by Fakhari et al. [15], a tri-generation 

combined cycle is presented. This proposed system  

is equipped with a triple-pressure heat recovery steam 

generator with a novel configuration of heat exchangers to 

exploit the maximum possible waste heat. The gas turbine 

cycle also utilizes Parabolic Trough Solar Collectors to 

reduce fuel consumption and CO2 emission. The low-

pressure steam of the heat recovery steam generator is used 

as the motive steam of a multi-effect desalination unit for 

freshwater production, and the heat rejection of the steam 

cycle is utilized in a double-effect absorption chiller to 

generate a cooling load. According to these modifications, 

the HRSG exhaust has considerable energy after the low-

pressure steam of the heat recovery steam generator; 

hence, an organic Rankine cycle with a zeotropic mixture 

as working fluid is used to recover the energy. The 

proposed model is implemented in MATLAB software, 

and the energy, exergy, economic and environmental 

analyses are conducted on the model. Five single- and 

multi-criteria optimizations are conducted to determine the 

proposed system's optimum operating condition from 

different aspects. The results are presented as 2D and 3D 

Pareto Frontiers. A comparative study on scatters of 

distribution is presented as a novel approach to investigate 

each optimization objective's effect on decision variables 

through single- or multi-objective optimization. Referring 

to analyses utilizing the solar collectors mitigate the fuel 

consumption from 6.31 kg/s to 6.01 kg/s and results  

in a decrease of 0.81 kg/s CO2 production. Besides, the 

waste heat recovery in the heat recovery steam generator 

attained a 20.17% exergy efficiency increase as well as 

181.82 m3/h freshwater production and 5.98 MW cooling 

load as the secondary outputs and rose the power 

production from 74.87 MW to 140.92 MW. The best point 

on the 3D Pareto Frontier of the tri-objective optimization 

obtained the exergy efficiency of 45.86%, the total cost 

rate of 1.161$/s, and the CO2 emission of 17.05 kg/s. 

In a study by Musharavati et al. [16], a poly-generation 

system including a Kalina cycle, a reverse osmosis unit,  

a PEM electrolyzer and a thermoelectric module that  

can generate power, fresh water, hot water, and hydrogen 

are examined. A thermodynamic simulation code in 

Engineering Equation Solver (EES) is prepared to predict 

the behavior of system. Using the exergy analysis different 

location of system with high irreversibility are determined. 

As the results show in the base case, the geothermal cycle 

condenser with 89.29 kW, reverse osmosis (RO) unit with 

68.97 kW, heat exchanger 2 with 37.68 kW, and steam 

turbine with 22.52 kW have the highest exergy destruction 

rate respectively. The parametric analysis for identifying the 

influence of five decision variables namely steam turbine 

inlet pressure (P2), steam turbine back pressure (P4), vapor 

generator outlet pressure (P10), Kalina turbine backpressure 

(P13), and temperature difference of the heat exchanger 

(TD) is conducted. Additionally, four major outputs 

consisting of exergy destruction rate (kW), exergy 

destruction cost rate ($/h), and electricity cost rate ($/h) are 

determined for implementing multi-criteria optimization. A 

tri-objective optimization to find the optimum states of the 

suggested system is conducted. With employing a selection 

method, the system arrangement with 328.2 kW of exergy 

destruction rate, 18.4 $/h of exergy destruction cost rate, and 

12.83 $/h of electricity cost rate with determined value of 

decision variables is selected as final optimum state. 

Considering the thermal processes with the help of smart 

heat recovery, A study by Cao et al. [17] proposes a novel 

auxiliary trigeneration system for a ship based on the waste 

heat of its engine to produce electricity, cooling, and 

freshwater. The system consists of a regenerative organic 

Rankine cycle (RORC) with R600 working fluid, a lithium-

bromide/water single-effect absorption chiller, and a 

Humidification DeHumidification (HDH) desalination unit. 

A multi-heat recovery technique is implemented in the 

design framework, having a well-organized waste-to-energy 

system. Technical 3E (energy, exergy, and exergoeconomic) 

analysis together with a multi-criteria optimization using  

a genetic algorithm is conducted. Furthermore, a parametric 

study is employed regarding the impact of changing design 

parameters, namely, pinch point temperature difference of 

the High Recovery Vapor Generator (HRVG), turbine inlet 

pressure, and top temperature of the HDH on the 

thermodynamic and exergoeconomic criteria. The results 

indicated the high sensitivity of the outputs from varying the 

turbine inlet pressure. Besides, the optimum net output 

power, cooling, and generated freshwater are calculated to 

be 783.9 kW, 959.8 kW, and 98.1 m3/day, respectively. 

Also, the optimum energy and exergy efficiencies and total 

cost per unit exergy are computed to be 58.4%, 43.0%, and 

0.1494 $/kWh, respectively. 

A study by Zhou et al. [18] authenticates that the waste 

heat of a geothermal steam flash cycle is recuperated 

efficiently via embedding an organic flash cycle and an
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Fig. 1: The proposed system of the present work. 

 

LiCl–H2O absorption refrigeration system in the high-

temperature flow path and placing a hot water production 

unit in the low-temperature flow path. Consequently, the 

waste heat of both high and low-temperature flows of the 

steam flash cycle is recovered. There is still heat loss in the 

organic flash cycle that has the potential to be recovered. 

In this respect, an expander and a thermoelectric generator 

are respectively employed instead of the throttling valve 

and condenser of the organic flash cycle to convert the 

waste energy of the organic flash cycle into power. The 

overall power generated in the organic flash cycle is 

transmitted to an electrolysis unit to produce hydrogen. 

The multi-objective optimization of the designed system 

indicates an exergy efficiency of 30.89%, which is 15.74% 

points higher than the case for the sole generation of 

electricity by the steam flash cycle. At the optimal point, 

the rates of output work, heating, cooling, and hydrogen 

are equal to 757.1 kW, 8567 kW, 3017 kW, and 1.627 

kg/h, respectively. The comparison between the 

performance of the system and three similar geothermal-

based systems for polygeneration purposes reveals that in 

addition to the highest exergy efficiency, the proposed 

system is superior in terms of the unit cost of 

polygeneration, with a value of 5.98 $/GJ. 

This study investigated a renewable system using solar 

and wind energy. In this system, a parabolic-linear 

collector was used as a source of thermal energy supply, 

and a wind turbine was used as a direct source of 

electricity, one of the innovations of the present work of 

combining solar and wind systems to increase efficiency 

and system production. Due to the unavailability of solar 

energy at all hours of the day, wind energy to help supply 

the energy required by the system was considered. Another 

innovation of this system is parabolic solar collectors 

because, according to previous studies, more flat-panel 

solar collectors have been used, and other collectors such 

as parabolic collectors have received less attention. 

Another innovation of this research is thermoelectric 

instead of the condenser in the Rankin organic cycle, 

which helps increase the system’s production capacity and 

perform a condenser’s function. The system consisted of a 

flat panel solar collector, wind turbine, Rankine cycle, and 

thermoelectric use. EES software is used as an engineering 

tool to model the system and obtain thermodynamic results. 

 

CASE STUDY 

Figure 1 shows a schematic of the multiple energy 

generation systems under consideration. To use the heat 

from the solar system with a parabolic-linear collector,  

a steam cycle is designed in which heat is transferred 

through an evaporator and generates electrical energy 

through a steam turbine. The heat remaining after the steam 
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Table 1. Input parameters. 

Parameter unit Value 

Tsun [k] 5800 

T1 [c] 320 

Gb [W/m2] 900 

Ul [w/m2C] 3.82 

P5 [kpa] 1500 

P7 [kpa] 100 

Ƞpump - 0.9 

Ƞturbine - 0.85 

ppeva [c] 5 

T20 [c] 6 

T14 [c] 90 

T13 [c] 65 

T17 [c] 85 

Ave_Wind_speed [m/s] 5.5 

Windefficiency - 0.9 

Powerecoefficiency - 0.59 

Diameter [m] 34 

 

cycle evaporator generates an absorption refrigeration 

system to generate a cooling load. In this system, reverse 

osmosis is used to produce fresh water. A steam turbine 

supplies the electricity required for reverse osmosis 

desalination water. 

The main components of the solar energy system are 

linear-parabolic collector, steam cycle, absorption 

refrigeration system, wind turbine, reverse osmosis 

desalination plant, and a thermoelectric generator.  

A heated oil system (state 1) first enters the evaporator  

and then transfers its heat to the steam cycle. Then  

the remaining heat from the gas turbine enters a 

thermoelectric, and the system converts the received heat 

into electrical energy. A freshwater supply is provided that 

receives its required electricity from the gas turbine.  

The remaining heat from the steam cycle evaporator enters 

the absorption refrigeration cycle generator and provides 

the heat required to generate the cooling load.   

The inputs required for system modeling are listed  

in Table 1. 

 

METHODOLOGY 

Using the following equation, the amount of useful 

energy produced in PTCs is obtained: 

�̇�𝑢 = 𝑛𝑐𝑝𝑛𝑐𝑠𝐹𝑅(𝑆𝐴𝑎 − 𝐴𝑟𝑈𝐿(𝑇𝑟𝑖 − 𝑇0)                           (1) 

The value of S is calculated from the following equation: 

𝑆 = 𝐺𝑏𝜂𝑟                                                                                  (2) 

𝜂𝑟 = 𝛾𝜏𝐶𝜏𝑃𝛼                                                                          (3) 

The following equations specify the parameters F1 and FR: 

𝐹𝑅 =
𝑚𝑐𝐶𝑝,𝑐

𝐴𝑟𝑈𝐿

(1 − exp (−
𝐴𝑟𝑈𝐿𝐹1

𝑚𝑐𝐶𝑝,𝑐

))                              (4) 

𝐹1 =

1
𝑈𝐿

1
𝑈𝐿

+
𝐷𝑜,𝑟

ℎ𝑓𝑖
+ (

𝐷𝑜,𝑟

2𝑘 ln (
𝐷𝑜,𝑟

𝐷𝑖,𝑟
))

                                   (5) 

Using the following relation, the area of parabolic-

linear collectors is determined: 

𝐴𝑎 = (𝑤 − 𝐷𝑜,𝑟)𝐿                                                                 (6) 

 The power generated by the wind turbine, taking into 

account the values of the average annual wind speed, is 

written as follows: 

 𝑤𝑤𝑖𝑛𝑑_𝑡𝑢𝑟𝑏𝑖𝑛𝑒 =
1

2𝜂𝑤𝑡𝜌𝑎𝑖𝑟𝐴𝑤𝑡𝐶𝑝,𝑤𝑡𝑣3                              (7) 

Where wwind, turbine is the wind turbine’s output of the wind 

turbine, and ɳwt is the efficiency, ρair is the air density, and 

V is the wind speed. The total net output of the system is 

calculated from the following equation: 

𝑤𝑛𝑒𝑡 = 𝑊𝑡𝑢𝑟𝑏𝑖𝑛𝑒 + 𝑊𝑤𝑖𝑛𝑑,𝑡𝑢𝑟𝑏𝑖𝑛𝑒 + 𝑊𝑇𝐸𝐺 − 𝑊𝑝𝑢𝑚𝑝 ,2

− 𝑊𝑝𝑢𝑚𝑝,1                                                                   (8) 

The return on investment can be defined as follows [14]: 

𝐶𝐹𝑅 =
𝑖𝑥(1 + 𝑖)𝑛

(1 + 𝑖)𝑛 − 1
                                                            (9) 

Here, i and n show the profit and operating period of the 

plant (year), which are equal to 0.1 and 20, respectively. 

Since each device of a hybrid system is expected to 

operate in a specific time pattern, the cost rate of each 

device is a good measure of the cost rate denoted by Z. 

The cost rate of each device is calculated from the 

following equation [14]: 

𝑍 =
𝑍𝑡𝑜𝑡𝑎𝑙𝐶𝑅𝐹Φ

𝑇
                                                                (10) 

Indicates the cost of cycle components, Ztotal is the total 

cost. In addition, T is the annual operating hours (number 

of working hours), ∅ is the maintenance factor. 

The total cost of the system is calculated from the 

following equation: 

𝑍𝑡𝑜𝑡𝑎𝑙 = 𝑍𝑡𝑢𝑟𝑏𝑖𝑛𝑒 + 𝑍𝑇𝐸𝐺 + 𝑍𝑝𝑢𝑚𝑝,2 + 𝑍𝑝𝑢𝑚𝑝,1 + 𝑍𝑒𝑣𝑎𝑝,1

+ 𝑍𝑠𝑜𝑙𝑎𝑟 + 𝑍𝑅𝑂 + 𝑍𝑐ℎ𝑖𝑙𝑙𝑒𝑟 + 𝑍𝑤𝑖𝑛𝑑,𝑡𝑢𝑟𝑏𝑖𝑛𝑒         (11) 
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 Reverse osmosis is a desalination technology based on 

the use of membranes. The desalination process also 

allows the filtration of the smallest components of the 

solution. Therefore, the reverse osmosis process can be 

used to purify the water. According to the operation of 

reverse osmosis desalination plants, the amount of water 

flow rate is calculated using the freshwater flow rate at 

state 38 and the RR reversibility coefficient from the 

following equation [15-17]: 

𝑚43 =
𝑚45

𝑅𝑅
                                                                          (12) 

The mass flow rate of state 39 is also calculated from 

the following equation: 

𝑚46 = 𝑚43 − 𝑚45                                                               (13) 

The concentration of salt in the effluent from the 

desalination plant is presented as fresh water at state 38 and 

the rejected water at state 39 as the following equations: 

𝑋𝑑 = 𝑋𝑓 (1 − 𝑆𝑅)                                                                (14) 

𝑋𝑏 =
𝑚43𝑋𝑓 − 𝑚45𝑋𝑑

𝑚46

                                                      (15) 

The average salt concentration is also presented below: 

𝑋𝑎𝑣 =
𝑚43𝑋𝑓 − 𝑚45𝑋𝑏

𝑚45

                                                    (16) 

The following is the temperature correction relation as 

follows: 

𝑇𝐶𝐹 = 𝑒𝑥𝑝 (2700 (
1

𝑇𝑘

−
1

298
))                                   (17) 

The relationship of water permeability in the 

membrane is introduced below: 

kw 
=

6.84𝑒 − 8 × (18.6865 − (0.177 × 𝑋𝑑))

𝑇𝑘

         (18) 

Here is three relationships for mean osmotic pressure, 

maximum osmotic pressure in the membrane, and 

membrane pressure difference: 

𝑃𝑎𝑣 = 37.92(𝑋𝑓 + 𝑋𝑏)                                                      (19) 

𝑃𝑛𝑒𝑡 = 𝑃𝑎𝑣 − 75.84𝑋𝑑                                                        (20) 

ΔP =
m45

3600×TCF×FF×Ae×ne×nv×kw

+Pnet                (21) 

 Finally, the working relationship required for the high-

pressure pump is introduced as follows: 

Δ𝑃 =
1000 × 𝑚43 × Δ𝑃

3600 × 𝜌𝑓 × 𝜂𝑝

                                                  (22) 

 

Fig. 2: Validation of the present work with the work of 

Habibollahzadeh et al. [20] 

 

Validation 

Thermoelectrics can be divided into two general 

categories: heating-cooling thermoelectrics and generator 

thermoelectrics. In heating-cooling thermoelectrics, the 

difference in electrical potential between the two ends of a 

semiconductor wire will cause a temperature difference 

between the two ends [18], which may be used for heating 

or cooling purposes. On the other hand, in thermoelectric 

generators based on the tuber effect, the temperature 

difference between the two ends of the semiconductor 

causes a potential difference in it [19-25]. 

To validate the results and the work done, the 

thermoelectric subsystem will be validated for the 

validation of the present study. Therefore, the present work 

was compared with Mr. Habibollahzadeh et al. [20]. In 

Figure 2, the desired results are evaluated. 

 

RESULTS AND DISCUSSION 

The amount of sunlight is one of the factors that has a 

very significant effect on system performance. Figures 3 

(a) and (b) show the effect of solar radiation on running 

costs, output work, cooling load, freshwater production, 

and exergy efficiency. 

In general, the amount of sunlight increases efficiency 

and increases the amount of output work. Of course, due 

to the existence of wind turbines and their greater impact 

on the system, the existence of irreversibility in the solar 

system with a parabolic-linear collector occurs and 

reduces the total exergy of the output. The total efficiency 

of exergy decreases from 36.97 to 25.59%, which shows a 

decrease of 10%. As the solar radiation increases, the inlet 

fluid to the solar system and steam turbine increases. As a 
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Fig. 3: Impact of solar radiation on running costs, output work and cooling load, freshwater production, and total output exergy. 

 

            
Fig. 4: Effect of turbine inlet pressure on running costs, output work and cooling load, freshwater production, and total output exergy. 

 

result, as the flow rate increases, the output of the steam 

cycle also increases, which will increase the total output 

work. The total output is about 147 kW and increases by 

56%. As the total output increases, the cost of supplying 

equipment also increases. Figure 3a shows that system 

costs increased with increasing solar radiation intensity; as 

the electricity produced in the system increases, the flow 

of freshwater production increases. Due to the increased 

flow rate, the cooling load increases in the single-effect 

absorption refrigeration cycle [26-35]. 

Figure 4 shows the effect of inlet pressure on the 

turbine on running costs, outlet work and cooling load, 

freshwater production, and exergy of the total output. The 

enthalpy of the fluid entering the turbine increases, and as 

a result, the work of the turbine, the steam cycle, and the 

total work of the output increases. The total output 

increased from 368.5 to 423.3, which is about 14%. 

As the system’s output increased, so did the cost of the 

system, the freshwater produced, and the output’s total 

output. System costs increased from 28.5 to 29.5, which is 

not a significant amount [36-45]. 

Another important parameter of the system is the exhaust 

pressure system of the steam turbine, which in Figure 5 (a) 

and (b) its effect on current costs, output work and cooling 

load, freshwater production, and total exergy were examined. 

The output pressure from the turbine reduced the amount of 

work generated by the steam cycle. It reduced the exergy 

efficiency, but as the output pressure increased, the enthalpy 

of the input fluid to the thermoelectric increased, increasing 

the work produced by the thermoelectric. It is very 

significant since the reduction of turbine output work has a 

much greater impact on the total output work and the exergy 

of the system. As a result, the total output work and the total 

exergy are reduced. 29.2 to 28.4 The amount of freshwater 

produced decreases from 23.9 to 21.3. Also, with increasing 

turbine outlet pressure and enthalpy, more heat is transferred 

to the absorption refrigeration cycle generator and the 

cooling load increases from 69.4 to 78.4.  
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Fig. 5: Effect of turbine outlet pressure on running costs, outlet work and cooling load, freshwater production, and total outlet exergy 

 

            
Fig. 6: Effect of average wind speed on running costs, output work and cooling load, freshwater production, and total output exergy. 

 

 Figure 6 (a) and (b) show the effect of average wind 

speed on running costs, output work and cooling load, 

freshwater production, and exergy of the total output.  

As the wind speed increases, the output of the wind turbine 

increases and increases. The total output work and exergy 

will be the whole system, resulting from which the amount 

of freshwater produced and the system costs will increase. 

The total output work at an average speed of 3.5 m/s equals 

254 kW and at a speed of 8 m/s equals 789 kW [46, 47]. 

Figure 7 investigates the effect of ambient 

temperature parameters on the number of exergy losses 

of system components. As shown in Figure 7, the exergy 

losses of the solar system are higher than the other 

components and increase with increasing solar radiation 

from 398 to 1179. Exergy losses have increased by about 

196% with increasing solar radiation. Also, with the 

increase of solar radiation, the exergy losses of the steam 

cycle components, including the evaporator, steam , 

 
Fig. 7: Investigation of the effect of the ambient temperature of 

exergy losses on system components’ rate of exergy losses. 

 

thermoelectric turbine, and pump 2, increase the amount 

of steam cycle exergy losses. The results showed increased 

exergy losses for the absorption refrigeration cycle and 

reversed osmosis desalination water. 
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Fig. 8: The effect of ambient temperature on cost, output work and cooling load, freshwater production, and total output exergy. 

 

Figure 7 investigates the effect of an important 

parameter of ambient temperature on the number of exergy 

losses of system components. As shown in Figure 7, with 

increasing ambient temperature, the exergy losses of the 

solar system, evaporator, steam turbine, pumps 1 and 2, and 

single-effect absorption refrigeration cycle increase, with 

the highest percentage increase for the evaporator at 11%. 

The amount of evaporator exergy losses have increased 

from 52 to 58 due to ambient temperature on the 

evaporator. Also, wind turbine exergy losses, reverse 

osmosis, and thermoelectric desalination water has 

decreased with increasing ambient temperature. The 

highest reduction percentage is obtained for thermoelectric, 

and 54% is obtained. The number of thermoelectric exergy 

losses has decreased from 17.5 to 115.5 due to ambient 

temperature on the thermoelectric for the 9 and 10 points 

shown in the designed schematic of the cycle. 

Figures 8 (a) and (b) show the effect of ambient 

temperature on running costs, output work and cooling 

load, freshwater production, and exergy of total output. As 

the ambient temperature increases, the air density decreases 

with decreasing air density and the output work rate 

decreases. The wind turbine has reduced the total output 

from 417 to 377 kW. With the output decrease, the total 

output of fresh water and total exergy has also decreased.  

Steam cycle and absorption refrigeration cycle the work 

of the steam cycle and the cooling load of the refrigeration 

cycle increase, but the decrease in wind turbine output has a 

greater effect on the total output work and ultimately 

decreases it. However, the increased ambient temperature 

on the thermoelectric generator at 9 points and 10 designed 

schematics reduced the thermoelectric work from 26 to 9.8. 

This reduction in the thermoelectric work also affected the 

reduction of the total output work. 

 In Table 2, the sensitivity analysis of the effect of the 

studied parameters on the outputs of the studied system is 

based on solar, and wind energy, and the percentage of 

growth or decrease of the graphs was calculated. 

Table 2 concludes that wind speed has the most change 

on total work and cost rate, which has led to a high increase 

in efficiency and system work, which is introduced as the 

most effective parameter in these studies, but according to 

the results of wind speed changes on thermoelectric work no 

Has affected. After wind speed, the most impact on system 

outputs is the intensity of solar radiation and inlet pressure 

to the turbine. Ambient temperature also reduces the 

efficiency of exergy and freshwater produced by the system. 

 

CONCLUSIONS 

In the present study, the solar system with parabolic-

linear collector and wind energy has been used as a source 

of energy supply. The multiple energy production systems 

are designed to meet existing needs. Finally, the results 

showed that solar radiation, wind energy, output, and 

freshwater production suit the multiple production systems 

introduced for the required applications. Other main 

research results are as: with increasing solar radiation, the 

amount of freshwater produced for the system increased 

from 15.69 to 23.75 kg/h; and with increasing the inlet 

pressure to the steam turbine, the total exergy efficiency 

for the system increased from 24.54 to 27.77%. As the 

ambient temperature increased, the total costs for the 

system decreased from 30.28 to 27.77 $/s. Also according 

to the results, solar energy with the central receiver has the  
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Table 2: Sensitivity analysis. 

Parameter Freshwater (kg/h) Cost rate ($/h) Exergy efficiency (%) Thermoelectric  power (kW) Total power (kW) 

Solar radiation 

Max: 23.75 

Min: 15.69 

Var%: 51.37 

Max: 29.14 

Min: 26.11 

Var%:11.6 

Max: 36.97 

Min: 25.59 

Var%: 44.64 

Max: 17.35 

Min: 5.604 

Var%: 209.60 

Max: 406.8 

Min: 260 

Var%: 56.46 

Wind speed 

Max: 42.82 

Min: 15.33 

Var%:  179.32 

Max: 61.9 

Min: 17.13 

Var%: 261.35 

Max: 38.56 

Min: 19.88 

Var%: 93.96 

Max: 16.37 

Min: 16.37 

Var%:  0 

Max: 789.1 

Min: 253.6 

Var%:  211.15 

Environment temperature 

Max: 24.29 

Min: 22.14 

Var%:  9.71 

Max: 30.28 

Min: 27.77 

Var%: 9.03 

Max: 26.89 

Min: 25.33 

Var%:  6.15 

Max: 25.96 

Min: 9.834 

Var%:  163.98 

Max: 417 

Min: 377 

Var%:  10.61 

Inlet pressure to the turbine 

Max: 24.78 

Min: 21.68 

Var%: 14.29 

Max: 29.44 

Min: 28.47 

Var%:  3.40 

Max: 27.77 

Min: 24.54 

Var%: 13.16 

Max: 16.82 

Min: 15.82 

Var%:  6.32 

Max: 426.3 

Min: 368.5 

Var%: 15.68 

Output pressure from the turbine 

Max: 23.92 

Min: 21.25 

Var%:12.56 

Max: 29.15 

Min: 28.36 

Var%: 2.78 

Max: 26.72 

Min: 24.46 

Var%: 9.23 

Max: 19.23 

Min: 14.86 

Var%:  29.40 

Max: 410.1 

Min: 360.5 

Var%: 13.75 

 

highest exergy losses. The exergy losses showed that the 

solar system with 60% and wind turbines with 17% have 

the highest exergy losses in the system components. 
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