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Meta-Heuristic Optimization of the Neuro-Fuzzy MPPT Controller 
for PV Systems Under Partial Shading Conditions

A B S T R A C T
The main challenge of photovoltaic (PV) systems is to extract the maximum power from the array, 

especially when it is partially shaded and subjected to variable weather conditions (sunshine and 

temperature). To address this challenge, this manuscript proposes a new method based on the Neuro-

Fuzzy- Particle Swarm Optimization (NF-PSO) combination. The NF method is used here because it 

allows an automatic generation of fuzzy rules, and we inject the PSO meta-heuristic at the input of the 

Neuro-fuzzy to find an optimal gain allowing not only to convert the real input values into fuzzy 

quantities and to readjust the dynamics of the fuzzy rules by reducing the power losses (oscillations), 

this combination also provides a simple and robust MPPT scheme to manage efficiently the partial 

shading, and its convergence to the global maximum power point (GMPP) is independent of the 

initial conditions of the search process. To confirm the NF-PSO as a viable MPPT option a 

comprehensive evaluation is performed against two other methods, namely the cuckoo algorithm and 

the original Neuro-Fuzzy. The simulation results of the system confirmed the better performance of 

this method in terms of speed with a response time of 0.044s, efficiency with 99.94%, and especially in 

terms of oscillation reduction with practically a negligible oscillation rate compared to the NF and 

the Cuckoo algorithm. 

Keywords: NF-PSO, Cuckoo, meta-heuristics, partial shading, GMPP 

Abena Malobé Paula, Djondiné Philippe a,b,*, Ntsama Eloundou Pascala,b 
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 1. Introduction 

With the increasing demand for energy in the world, and the associated polluting effects, mainly caused 

by the combustion of fossil fuels that leads to global warming, the use of energy produced by renewable 

sources is becoming promptly a solution for the global energy plan [1, 2]. Among the renewable 

energies we have solar energy, which is currently the easiest energy system to install, the most reliable, 

the most abundant, and most importantly, with the advances in technology, a significant reduction in the 

costs of the components of this energy [2]. Notwithstanding these advantages, solar power systems 

have a major issue of optimizing energy recovery, which is why these systems must include maximum 

power point tracking (MPPT) controllers. In addition to that the power generated by PV modules 

depends on environmental factors, namely solar radiation and atmospheric temperature [3]. All these 

drawbacks affect the characteristic curves of a PV system, because for a constant irradiance the 

characteristic curves of a PV system have only one maximum power point (MPP), while for a varied 

irradiance like the partial shading of some cells, these curves have several MPPs, among which the 
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local points (LMPP) and the global point (GMPP). Therefore, an MPPT method must be able to extract 

the optimal power available under all operating conditions [4, 5]. This has motivated several 

researchers to focus on the development of MPPT methods capable of extracting the GMPP regardless 

of the operating conditions. In [2] Jubaer Ahmed et al present the Cuckoo Search (CS) algorithm; this 

algorithm is very efficient but has a convergence rate that is affected by the Levy flight and can be 

slower. Smail C. et al in [6], a new hybrid GWO-PSO method is proposed; in this hybridization, GWO 

search agents explore the search space deeply to avoid LMPPs, and thus can converge to GMPP and this 

exploration is controlled by the PSO algorithm, which in turn improves the solutions This exploration is 

controlled by the PSO algorithm, which in turn improves the obtained solutions as the process goes on 

in order to accelerate the convergence to GMPP in the exploitation phase. This method is efficient and 

converges quickly on the GMPP, but its concern is that it presents some oscillations in steady state 

which can lead to power losses. Similarly in [7], Makhloufi et al propose a global/local maximum 

power point tracker based on the logarithmic PSO for partially shaded PV systems. The authors of [8] 

recently improved the EGWO algorithm by adding a new wolf hopping procedure, they show that the 

developed EGWO can reduce the tracking time up to 45.5% and increase the dynamic efficiency by 

more than 2%, compared to the original GWO. In [9-10] the authors present an improved gray wolf 

algorithm; in [11] Eltamaly et al present a GWO hybridization with fuzzy logic controller (GWO-

FLC). In [12, 13] respectively, perturb-and-observe (P & O), and incremental conductance (INC), 

presented known classical methods, the problem with these methods is that they are often trapped in a 

local maximum power point (LMPP) without reaching the GMPP. In [14-16], a modification of the 

P&O is performed and the defect of this method is that there is always the possibility that it is trapped in 

the LMPP. In [17] Claude Bertin N. et al made a comparative study between six MPPT methods, where 

they showed the superiority of fuzzy logic over the other five MPPT methods Fractional Short-Circuit 

Current (FSCC), Fractional Open-Circuit Voltage (FOCV), Perturb and Observe (P&O), Incremental 

Conductance (INC) and Hill Climbing (HC). In [18-20], respectively two modified methods 

HillClimbing (HC) and Incremental Conductance (INC) are presented, their disadvantage is that they 

require to perform several iterations. In [21], Özgür C. et al worked on a hybrid MPPT by combining 

Perturb and Observe and Artificial Neural Networks (P&O-RNA) methods; in [22] Alireza R. et al 

worked on a Fuzzy-Neural (FN) MPPT algorithm for PV. In [23] also Alireza Z. et al developed a partial 

shading algorithm for sensing that requires only the available measurements of row voltage and 

current. Ahmad R. et al in [24], they worked on Genetic Algorithm (GA) and PSO; all these 

hybridizations are known for their performance, but most of them still have steady state oscillations in 

the power output, which leads to power losses. In [25] Shams I. et al presented a modified butterfly 

optimization algorithm. In [26] Raeisi H. et al proposed a new set of relations to simulate the 

performance of a panel under partial shading conditions and a simulator is constructed accordingly.  

Journal of Solar Energy Science And Research ( Volume - 9, Issue-2, May - Aug 2025)                                                  Page No. 2

ISSN. 2476-1234



Mazaheri Salehi et al in [27] presented a state of the art on mppt methods and their applications. In [28] 

Venkateswari R. et al carried out a critical analysis of the factors improving the efficiency of a 

photovoltaic solar system. In [29] Oulcaid M. et al show that so far very little attention has been paid to 

the evaluation of MPPT methods, so they develop a method that can improve the performance of an 

MPPT. In [30] Syafaruddin et al a MPPT system is proposed for a partially shaded PV generator using 

neural networks and fuzzy logic with a polar information controller. The main drawback of this method 

is the high cost and complexity, due to the combination of two intelligent methods. The objective of this 

manuscript is to introduce a PSO algorithm that improves the performance of NF. PSO readjusts the 

dynamics of the fuzzy rules in order to accelerate the convergence to the desired performance. 

Moreover, this hybridization allows the GMPP to be reached in only a few steps, thus making the MPPT 

controller more efficient. 

This paper includes the following parts: the second section of the paper will be dedicated to the 

modeling of the PV generator and the boost converter. A third section is reserved for the presentation of 

the method used. The different simulations made as well as the discussion of the results found will be 

the subject of the fourth section. In the fifth section a conclusion is presented. 

2. Materials and methods 

2.1. Materials 

In this part we present our studied system which consists of a Photovoltaic (PV) panel, and a boost 

converter. 

2.1.1. Photovoltaic panel model 

The scientific community offers several models to model a photovoltaic panel. The most widely used 

model, for its simplicity and accuracy, is the one with one diode [31] (Figure 1). 
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In this model, the photovoltaic cell is represented by a current source that generates a current Iph 

proportional to the solar radiation. The shunt resistance Rsh characterizes the leakage current at the 

junction and the resistance Rs represents the various contact and connection resistances. The current 

supplied by the cell Ipv is modeled by the following equation [32]: 

Knowing that a PV generator has several PV modules associated in series and/or parallel, in our work, 

each PV generator consists of four Canadian Solar CS5C-80M modules connected in series. Figure 2 

shows the four shaded PV arrays used in this paper. The electrical parameters under standard conditions 

(G= 1000W/m2, and T=25C°) of the PV module used for the simulations are presented in Table 1. 

Figure 3 shows the typical power-voltage and current-voltage curve for the shaded PV array. 
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2.1.2. Boost converter 

Static converters are essential parts of the variable speed wind power conversion system. In this 

document, a boost converter is used here. During operation of the chopper, the switch is closed with a 

closing time equal to (D.T), and it is opened in an opening time ((1-D) .T), with: T is the switching 
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period and D the duty cycle of the switch (D� [0,1]). 

2.2. Methods 

In this section, we present the method used which consists of NF controller and the determination of 

offset gains by the PSO 

2.2.1. NF Controller 

The NF method developed here is based on the ANFIS (Adaptive Neuro-Fuzzy Inference System) 

model with the difference that our membership functions used here are triangular and not Gaussian. 

ANFIS implements a Takagi Sugeno type fuzzy inference system and has an architecture composed of 

five layers as shown in Figure 5 [33]. Our method contains two inputs: the error (E) and the variation of 

the error (ΔE), and a single output which is the variation of the duty cycle (D). 
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The nodes of the input layer, whose number is equal to the number of linguistic terms (calculate the 

membership degrees of the input values by equations 7 and 8), forward the numerical data to the nodes 

of the second layer representing the fuzzy subsets that calculate the membership function value 

(equation 11). The nodes in the third layer perform the fuzzy operations (equation 12). The nodes of the 

fourth layer perform the operation of calculating the weighted consequent of the rule (equation 13) [33-

34]. Finally the fifth layer (equation 14) performs the defuzzification operation.

Where E and �� are respectively the inputs of nodes ���  and ��� of layer1. �� and �� are the 

linguistic terms associated with membership functions ��� and ���. In our case the linguistic terms 

used are Most Negative (MN), Least Negative (LN), Zero (Z), Least Positive LP), and Most Positive 

(MP)
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The membership functions obtained for each input are given below: 
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 2.2.2. Determination of offset gains by the PSO 

Particle swarm optimization (PSO) is an evolutionary computation technique developed by Eberhart 

and Kennedy (1995). This algorithm is inspired from the social behavior of animals, such as the 

flocking of birds and the schooling of fish, and the swarm theory. It has been proven to be efficient in 

solving optimization problem especially for nonlinearity and non-differentiability, multiple optimum 

and high dimensionality [35-38]. The many applications of this algorithm in several fields and 

particularly in the field of technology shows its superiority compared with other stochastic methods 

such as the genetic algorithm, biogeography, and the colony of the ants [38]. It is an algorithm itératif. À 

each stage of calculation which the values of the individuals are compared according to the function 

objectifies to place the new guides then are select. During its execution, the algorithm passes by the 

stages grouped in the following flow chart: The position and velocity of each particle are updated by 

applying the following equations:

�� is the coefficient of the inertia weight, iter is the present iteration number, max and min subtitles 

stand for maximum and minimum, respectively. In addition, “iter_max” have been selected such that 

the best fitness function with a suitable convergence capability can be achieved. This value is 1000 in 

the simulation. Supporting the above mentioned PSO technique, the procedure of the PSO can be 

described by the flowchart shown in Figure 8. 
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After realizing all the components of our method, we obtain the synoptic diagram of our method is 

presented in figure 9. We have combined Neuro-Fuzzy and PSO. Neuro-fuzzy is a hybrid artificial 

intelligence system that combines fuzzy logic and a learning algorithm derived from neural networks to 

determine the parameters of fuzzy sets and fuzzy rules from data; it is used because it can automatically 

generate the fuzzy rules. The PSO is a meta-heuristic; it is used here to determine the normalization 

gains, allowing to convert the real input values into fuzzy quantities, to readjust the dynamics of the 

fuzzy rules.  
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3. Results and discussion  

In order to test the performance of the NF PSO MPPT controller, we performed several simulation 

cases. To verify the theoretical study on the behavior of the MPPT controller a series of 

imulationswas performed with Matlab/Simulink software and a comparison was made with the 

MPPT, NF and Cuckoo algorithm controllers

Figure 10. Curves obtained with different shading pattern variations using (a) NF-PSO, (b) NF, and 

© Cuckoo.

The simulation results in Figure 10 show the waveforms of power (red color), voltage (green color), 

current (blue color), and duty cycle (black color) obtained with the different methods. The results in 

Figure 10 confirm that the values of Ppv, Ipv, and Vpv reached the same values as those presented 

by the PV specifications in Table 1 and 2.  To clearly see the effectiveness of our proposed MPPT 

method, we performed a co-simulation in Figure11.
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          Figure 11. Co-simulation of the powers obtained with the different MPPT methods 

For clarity, the performance of each method is summarized in Table 4. Although the numbers are not 

absolute, i.e.,given in ranges, they can be considered reasonable indicators of the relative performance 

of these methods.

We notice that for the initial power rise from zero to steady state, NF-PSO seems to be the fastest; In 

addition, Cuckoo shows larger fluctuations in the transient regime; in terms of tracking accuracy, our 

method is more efficient with 99.94% and a response time of 0.0009s.
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4. Conclusion 

In order to improve the efficiency of partially shaded PV systems, especially their energy production, 

we have developed an intelligent and simple method based on NF and PSO.  This strategy allows to 

optimize at each moment the maximum power available in a PV array operating under partial shading. 

Thus we started with the presentation of the used equipment. Then we presented the NF-PSO controller. 

The simulation results under different scenarios of partial shading show the advantage of the adopted 

strategy because it is faster with a response time of 0.044s, more efficient with 99.94%, also allows the 

reduction of oscillation with a rate of oscillation of 0.0009 %/W. In our future work we will make a 

comparative study by optimizing the Neuro-Fuzzy with two other iterative algorithms among which: 

Grey Wolf Optimization (NF-GWO), Whale Optimization Algorithm (NF-WOA) and compare with 

Particle Swarm Optimization (NF-PSO). 
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Feasibility Construction of a 4 MW PV Power Plant to Provide 
Sustainable Electricity to Bandar Abbas Industrial Estate

A B S T R A C T
The upward increases in electricity consumption in the last decade and excessive use of electricity in 

these years have challenged the electricity industry and related industries. The blackout caused by 

this increase in consumption leads to losses for manufacturing companies and workshops. The 

location of Hormozgan province has created this mentality for researchers that due to high humidity 

and dust, it is not possible to use PV power plants. The possibility of installing a 4 MW PV power plant 

in Industrial Estate No 2, has been investigated, and the simulation results with PVSol, PVSyst, and 

RETScreen software have shown that the location is a suitable place to install the power plant, and 

there is a possibility of obtaining suitable energy and supporting the industrial estate. In the selected 

position, it is possible to get suitable solar energy for more than eight months of the year, and solar 

energy could be used for more than 10 hours a day. The output of the simulations also showed that the 

construction of the PV power plant in this location with a performance factor of 0.7 and an average 

output power of 3.2 MW would be good efficiency. Since the hours of solar energy production 

correspond to the electricity peak hours of consumption, the PV power plant can be used as a suitable 

alternative for producing stable electricity and preventing power outages during peak hours of 

production units and factories. The use and comparison between south-facing panels and delta wing 

and the use of these types of equipment in the hot and humid climatic conditions of Hormozgan 

province have been done for the first time in this research. 

Keywords: Computer Simulation, PVSol, PVSyst, Renewable Power Plant, Solar Energy, 
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1. Introduction  

Considering that energy is one of the determining indicators in economic development, the 

development and optimization of renewable energy can play an effective role in economic growth and 

protection of environmental conditions. They point to the policies that ultimately determine the priority 

and necessity of using some of them for the country and explain why and how to use them. Using solar 

energy to supply hot water to homes and industrial centers is one of the most cost-effective ways to use 

solar energy in oil-burning villages in Iran. For scattered users far from the grid who need relatively 

little power, photovoltaic is almost a competitive or low-cost technology. Photovoltaic has a strong and 

modular structure and requires little maintenance, and is, so, very suitable for remote rural users. For 

older users, it seems best to hybridize with wind or fossil fuels [1]. The importance of electricity in the 

production and economy of Iran comes from the fact that the electricity industry has a high value in the 

national economy and provides economic and social welfare to countries, and is one of several great 
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infrastructure industries. Especially in industries, electricity has a particular grade because, in most 

cases, electricity drives the machinery of factories and makes all operations and production activities 

possible, and for this reason, some experts have considered the electricity industry as the mother of 

industries. The optimum time for a preventive replacement of renewable energy devices varies from 

one geographical location to another because each geographical location has its climatic fluctuations. 

The higher the occurrence of climatic fluctuations in a geographical location, the shorter the optimal 

time for preventive replacement of the device. The higher the average occurrence of climatic 

fluctuations, and as a result, the greater the optimal time for the protective replacement of the device. It 

was also indicated that the better the industrial qualifications (that is, a greater tolerance limit for the 

device), the greater the optimal time for a preventive replacement for the device. Therefore, companies 

that export these devices must study the geographical location where the device is exported and the 

climate in which it is distinguished to develop plans and programs to protect the device [2]. One of the 

major challenges faced in photovoltaic technology is the ability to harvest as much energy as possible 

from the sun. The peculiarity in geographic location and the sun’s movement has made it hard to get 

maximum irradiation from the sun. [3]. 

Based on research by Khazaee et al, most Asian countries have the capacity for renewable energy, 

including solar, hydro, wind, etc. Asian countries are geographically placed in an area with various 

climatic circumstances including tropical, and humid. Hence, easy access is provided to various 

renewable energy sources. Studying the years 2000 to 2019 comprehensively, the results revealed that 

China, India, and Japan had the most renewable energy capacity in Asia with 790000 MW, 133000 

MW, and 120000 MW in 2019 respectively. Also, the energy produced by renewable energy for these 

countries in 2019 was 1739400 GWH, 288622 GWH, and 190587 GWH respectively [4]. The use of 

renewable energy in residential buildings has main environmental and social effects. Noorollahi et al 

researched energy consumption in buildings. According to this research, 89% of thermal demand in the 

building section of Iran is supplied by natural gas, but it can be used more in the current industrial 

infrastructure if renewable resources supply buildings' thermal demand. Different scenarios were 

discussed for this research by considering the amounts of CO2 emission and total energy cost. The 

results showed all procedures led to CO2 emissions reduction due to reducing natural gas consumption. 

Based on the results, using solar thermal collectors decreased the average total cost by about 13%. In 

conclusion, considering the current national natural gas distribution network in Iran, using solar 

thermal collectors was the best alternative solution [5]. Reducing greenhouse gas (GHG) emissions-

induced environmental hazards is one of the most important goals of future research on the energy 

economy and the environment. This study aims of Pourarshad et al, to visualize emissions from 

electricity generation in Khuzestan province, southern Iran. Khuzestan's electricity supply and demand 
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system was simulated and examined under green scenarios till 2050 by assessing the existing situation 

and choosing a suitable low-carbon energy system for the future. One of the results of this research is to 

reduce emissions in terms of energy management strategies in the short term and the ineffectiveness of 

development strategies regardless of consumption management strategies. Electricity supply 

optimization scenarios are attractive in the long term, which indicates the costly implementation of 

development strategies. Combining solutions to balance the energy economy and environment is more 

effective. The OKEP scenario as a combination of consumption management and development 

strategies showed that it would maintain its positive impact in the short and long term and successfully 

reduce emissions. In this scenario, the net present value (NPV) attractiveness is over $ 6706 million and 

saves the emission of 179 MtCO2e. Compared to the business as usual (BAU) scenario, more than 90 

Bm3NGe savings and a 3.62% increase in renewables share are other benefits of this scenario [6]. 

Similar research was also done in Poland on the effect of building and using photovoltaic renewable 

power plants on the reduction of harmful gas production by Lew et al. Poland is one of the European 

leaders in photovoltaic development, and according to estimates for 2021–2025, it will continue to be. 

The results obtained from the survey allowed us to draw conclusions, which include the following: (1) a 

lack of general conviction of respondents about the effectiveness of Poland’s decarbonization policy on 

reducing global CO2 emissions, especially among those who show a higher willingness to use PV 

installations, (2) the willingness to use PV installations is motivated by rather than environmental 

benefits, (3) the need for more widespread public campaigns aimed at promoting the benefits of 

decarbonization and renewable energy sources, and (4) the finding that the respondent's region of 

residence (with a different degree of insolation) mattered for the willingness to use PV installations [7]. 

Also, in another research in Turkey and a climate similar to the climate of southern Iran with high 

humidity, the variable albedo effects on bi-facial PVs in different ground conditions were examined. 

The results were compared with monofacial PV panels in the same conditions for the Konya region. 

Bifacial PV panels were analyzed under white, sand, and asphalt ground conditions. Simulations were 

made by the PVsyst program, and the results were compared by global radiation value, the performance 

ratio (PR), and the produced energy results. An capacity of 54,6 kWp bifacial and monofacial installed 

PV panels with a horizontal angle of 35°, azimuth angle of 0°, and 6m intervals for roof installation is 

considered [8]. 

Climatic conditions are a very effective factor in the construction of photovoltaic power plants. 

according to this in colombia, Narvaez and et al present the first study of the long-term climatechange 

impact on photovoltaic power potential in Nariño, Colombia. Their results suggest that changes in 

photovoltaic power potential, by the end of the century, will have a maximum decrease of around 
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2.49% in the central zone of Nariño, with some non-affected areas, and a maximum increase of 2.52% 

on the south eastern side with respect to the pessimistic climate change scenario [9]. Ibrahim and et al 

monitor the trend of extreme temperature and analyze its impact on solar power plants in Malaysia. The 

basic energy parameters of the solar photovoltaic module are calculated to find out the relationship 

between ambient temperature and power generated. It is found that the output power of the solar 

photovoltaic module is reduced about 0.3 to 0.5 % for every 1 °C ambient temperature increases [10]. 

Although research in hot and dry climates has shown that a portion of this power can be used to cool 

solar panels through various means to keep their efficiency high, such as running air fans or running 

pumps to cool them with coolant [11]. 

In new research Considering Iran's potential in the field of solar energy and the country's need for this 

type of energy, it is necessary to locate and identify suitable sites for the use of solar energy. In this 

research, the potential of generating power from solar energy on the ocean coasts of south-eastern Iran 

has been investigated. The geographical data of the solar radiation map of Iran was used to estimate the 

power of electrical energy from spatial limiting criteria for the feasibility of installing photovoltaic 

panels at the power plant scale. The total power of electricity that can be extracted from suitable places 

in the region was calculated, which shows the high potential of the south-eastern coast of Iran in 

benefiting from renewable energy, which can be a driving force for the industrial, economic, and social 

development of the Makran region. Calculations show that only with the construction of photovoltaic 

power plants with a total capacity of 3,000 megawatts in the study area, which covers only about half a 

percent of very good land, the total electricity generated by the current power plants in Sistan and 

Baluchestan can be replaced the year 2016. This is a good indication of the high potential of solar 

energy in the Makran region, which has been neglected so far [12]. In similar studies with the southern 

climate of Iran, acceptable results have been obtained from the use of renewable solar energy. In the 

analysis for Chandigarh in India, a 100-kW photovoltaic plant is analyzed for the selected area with 

different PV panel combinations for finding the optimal solution for power generation. This selected 

area is having a good solar radiation reception potential of 5.07 kWh/m2/day annually at an annual 

25.4oC temperature. The plant is designed with fixed axis orientation and has a tilt of 31o. The plant has 

the potential to export 156120 kWh of electricity to the grid with a performance ratio of 76% [13]. 

The importance of using solar energy in the Persian Gulf countries is well understood. Despite the 

existence of abundant oil and gas resources, the countries of the Persian Gulf have made appropriate 

investments in this area and have long-term plans. Now all GCC countries had conducted, relatively, 

large project in solar and wind energy, especially Kuwait (currently about 70MW among a plan of 

2000MW by 2030), UAE (currently about 300MWamong a plan of 2500MWby 2030) and Saudi 
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Arabia (with an ambitious renewable energy target of 3450MW by 2020 with a further 6000GW 

envisioned by 2023 and to 200 000MW by 2030) [14]. 

The use of PV in setting up industries and workshops is increasing rapidly today. Kim and et al study, a 

comparative economic analysis was conducted for typical greenhouses, plant factories with natural and 

artificial light, and those with only artificial light, based on the insulation, artificial light, and 

photovoltaic (PV) installation costs. the case of the installed PV systems exhibited large reductions, of 

424% and 340%, in terms of primary energyconsumption and GHG emissions, respectively [15].  

Bangladesh has a considerable number of large manufacturing plants with appropriate roofs that could 

be used for deploying solar energy conversion systems at scale. Talut and et al, in Bangladesh presented 

which identified and assessed 6045 such plants, which have roof areas ranging from 100 m2 to 50,000 

m2, and modelled the deployment of solar photovoltaic (PV) technology that can provide power 

through site available grid infrastructure. The results showed that around 7.4 GWp of PV capacity can 

be achieved on such roofs with a corresponding annual electricity generation of 11 TWh [16]. Desai and 

et al To overcome the problem of continuous grid supply of electricity and diesel generator sets, solar 

based refrigeration system for milk cooling at society level is quiet feasible. The results showed Use of 

solar energy has great scope for its commercial use in the dairy processing operations as well as to 

design and develop solar based refrigeration systems for dairy industry [17]. Solar energy has also been 

used to run mining equipment.  The copper mineral processing industry faces complex scenarios with 

increased demand, highly variable energy prices, falling ore grades that increase energy consumption, 

and increasing concern about the industry’s carbon footprint. To reduce the risk imposed by these 

scenarios, the industry is looking at the use of renewable energy sources. Behar and et al investegated 

use of solar thermal and solar photovoltaic technologies to produce power and heat for the copper 

mining processes. Results showed the use of solar energy in the copper mineral processing industry 

could solve present energy-related problems particularly GHG emissions. To fully utilize the solar 

potential, toward all-solar-powered mining industry in Chile, innovative and cost-optimized processes 

and operations should be introduced [18]. Farjana and et al, investigated this issue in lead mines. 

Comparative analysis among seven miner countries is conducted by considering a few cases based on 

solar industrial process heating system design. The analysis results showed that buffer tank system with 

solar loop heat exchanger but without flow heater would be the most beneficial in terms of solar 

fraction, emission reduction, and annual fuel savings. These results showed that evacuated tube 

collector installation in the industrial processes would be the most beneficial irrespective of the cost of 

solar energy [19]. Site selection to build a renewable solar power plant and going through this process 

helps to optimize the final result and reduce costs. Researchers and scientists in institutes and research 

centers around the world mainly used a combination of AHP, WLC, and IDW methods in a GIS 
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environment[20-24]. 

The geographical location and weather conditions of Hormozgan province, in the south of Iran, are such that the 

supply of sustainable water and electricity for domestic, agricultural, commercial, and production purposes have 

been one of the constant challenges for the managers of Hormozgan province. Every year, especially in recent 

years, as the hot season begins, the concern about the lack of electricity, followed by widespread blackouts 

throughout the country, is intensified. This issue has become an important challenge, especially in the first six 

months of every year, when the temperature rises rapidly, the annual decisions in this matter mainly push the 

priority of consumption to the home consumers. It causes scheduled or unplanned interruptions for industries 

and makes their production difficult. Based on the specific conditions of production costs, the price of 

subscribers increases by 20% in the summer. The problem of not providing stable electricity in industries, in 

addition to creating costs on production and the final product, will lead to a delay in delivering products to 

customers and as a result losing a part of the market. 

Due to the noticeable increase in temperature in the first six months of the year in Hormozgan province, the 

conditions for using electricity for government executive bodies, organizations, and industries have become 

stricter and are subject to blackouts, most of which are during peak consumption hours, it is from 13:00 to 17:00. 

The great heavy industries of Hormozgan province, especially in the metal field, are located in the west of Bandar 

Abbas city and the special economic zone of the Persian Gulf, mining and metal industries, which use very high 

energy due to their type of work. Other industries, and workshops are in 15 industrial estates. Seven industrial 

areas are located throughout the province. One of the ways to use stable and separate electricity from the national 

grid for production units in these industrial estates is to use renewable energy, especially solar energy. Due to the 

view that the climate of the province has high humidity and dusty conditions, the use of solar energy in 

Hormozgan province is not wellunderstood, but the results of different research have shown that solar cells in 

tropical regions also have an acceptable performance [25]. Many people's idea of solar energy is focused on 

turning on traffic lights or weak electricity generation from it. Because they think that since electricity is 

produced by sunlight, it cannot have enough power to supply large power. It is possible to produce up to 

megawatts of electricity through solar panels, and make it ready to be used for various purposes or to contribute 

to national electricity. Supplying three-phase electricity through solar energy or battery banks can be a solution 

for many industries that are either unable to supply electricity from the national grid or their required power 

exceeds the maximum power of the grid. In this research, as a pilot, the possibility of generating electricity from a 

solar power plant near Bandar Abbas Industrial Estate No 2 has been investigated, and its results have been 

presented. 

2. Materials and Methods  

The method used in this research started with the preliminary study of similar articles and experiences in the 

energy field. Considering that energy is needed for industries and workshops, based on that, the land required for 

the power plant needed and the amount of consumption have been determined. The climatic conditions and 

weather of the region as well as the radiation in the region have been investigated. These data are taken from 

meteorological databases, articles as well as international online databases. Based on the relevant standards and 

technical and legal requirements, a suitable place for the construction of the photovoltaic power plant has been 

located. After determining the amount of electricity consumed, the site selection for the construction and 

simulation of the solar power plant has been determined. This location is based on technical requirements using 

the site selection feature in ArcGis software. The capability of this software and entering appropriate data to 

choose the location is the appropriate capability of this software. After determining the required energy 

consumption and suitable location, a simulation has been done using the software. Finally, the effects and 

environmental results of the construction of this photovoltaic power plant have been calculated by the 

RETScreen software. Since the analysis of statistical results is important, the results have been analyzed using 

the hypothesis test using the Minitab software. 
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2.1. ESTIMATING THE AMOUNT OF ELECTRICITY CONSUMPTION IN THE PILOT 

LOCATION 

Bandar Abbas Industrial Estate No 2 is located on an area of about 70 hectares, 20 km from Bandar 

Abbas city and in the position 27.20 N longitude and 56.20 E latitude in the north of this city (Figure 2). 

This industrial estate has 20 factory units and workshops. Of these 11 units are generally working 

permanently and other workshops and units are seasonal and temporary. According to the statistics 

obtained from the Hormozgan Electrical Company as well as the industrial settlements company, 

according to the size of the area, the electricity requirement of this place to run the units and provide 

lighting and other related services is on average about 3 MW. Of course, the amount of consumption is 

higher in the hot seasons of the year, and the main challenge is to provide stable electricity in these 

seasons. 

2.2. DETERMINIG THE INSTALLATION LOCATION OF PV POWER PLANT 

To construct a PV power plant, two plots of flat area in the east of the industrial estate with an area of 5 
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hectares and west of it with an area of 10 hectares were considered and selected to investigate other 

effective factors. The weather information of the region obtained from international climatological 

authorities shows that the proposed location has suitable conditions for temperature, radiation, 

pollution, and reflection coefficient throughout the year (Table 1) [26,27]. 

The study and field visit of two pieces of land, east, and west, near the industrial estate, have almost the 

same topography conditions. Due to the absence of tall or low-rise buildings in the area, the shading 

effect on the installed panels due to the topography is zero. After estimating the soil samples, standard 

penetration test, triaxial resistance, direct cutting, hydrometry, and granulation tests were performed on 

the samples [28, 29]. According to the results of the tests, the ground in this area is of hard soil type and 

therefore it has suitable conditions for installing the base structure of the panels and making them 

stable. The soil in the area will have the necessary strength, and in case of a strong storm, the pollution 

of soil and sand is low [25,30]. In terms of access to the industrial town as well as the national electricity 

network, the location of the western flat land has more suitable conditions, and therefore this land was 

chosen as a pilot site for the installation of equipment.
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Figure 3. The open areas selected for the installation of the PV power plant in (a) east and (b) west of the 

industrial estate 

Another point about this part of the selected lands is the lack of cultivation capability due to their soil 

type, and therefore, in terms of environmental permits, and government organizations, this place will 

not have any problems. Using ArcGIS software, the location of the land and its area has been calculated. 

After Geo referencing the plot of land, its exact location and topology status were examined . 

Also, according to the topological map, the western land is far from the plain, and the probability of the 

area getting waterlogged due to seasonal rains is less than the eastern part [27,28]. In the final stage of 

determining the location of the power plant, the DEMa data of the area was collected. After that, this 

data is drawn by Global mapper software. The result of this data mining showed that the height of the 

area is higher than the surrounding areas. As a result, in case of rain or flood, this area will not be 

affected by them (Figure 4). 

2.3. CLIMATE AND SUN PATH OF LOCATION OF PV INSTALL 
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Examining the path of the sun from scientific and international sources [31], showed that the selected 

geographical location has a good conditions in terms of the time of effective radiation and the amount of 

radiation (Figure 5). Also, the amount of radiation and the environmental conditions of the installation 

location have a considerable amount of direct and return radiation (Figure 6). 

According to climatological calculations, in terms of average solar energy, the location of Bandar 

Abbas Industrial estate No 2 has a good condition (Figure 6). The average amount of solar radiation 

energy is 1729.5 Kwh/m2. The clear sky and direct sunlight as a divine gift for Hormozgan province is a 

necessity to exploit in the production of cheap wealth in the form of setting up solar energy panels. 

Because, producing electricity with sunlight reduces people's costs. Between 340 and 350 days a year, 

Hormozgan province has the best capacity to use clean and pollution-free energy from the sun and 

produce electricity from this energy source, which is one of the unique capacities of this southern region 

in the country and even the world. The use of new and clean energies such as solar energy in provinces 

like Hormozgan, where 95% of the days of the year benefit from the blessing of sunlight, can also be an 

inspiring and income-generating event for people, especially those in need.
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The windrose of Bandar Abbas station is shown in Figure 7. The prevailing wind in this station is south, 

then the south-southwest, north, and northnortheast directions have the highest frequency of the wind. 

The speed is greater than 12 m/s only in the south direction and with negligible frequency. In most 

directions, the wind speed is lower than 10 m/s. The northwest direction has the lowest frequency [32]. 

From the south to the northwest, the wind frequency has a decreasing trend, then it increases to the 

north, and after it has a decreasing trend to the east. In Figure 6, the monthly winds of Bandar Abbas 

station are presented for comparison. In this figure, it can be seen that the prevailing wind direction is 

south in all months except for December and January. In the two mentioned months, the prevailing 

wind direction is north since mid-winter. 

Speed over 10 m/s starts from the south and continues until the beginning of autumn. The highest 

frequency in these months is related to the speed range. It is 6-10 m/s, which blows from the south. The 

western winds have weakened since the middle of spring and until the end of autumn, almost no wind 

blows to the Bandar Abbas area. The general trend of changes in the different speeds is almost the same 

in different seasons of the year. The difference is that the speed values decrease a little from early spring 

and increase a little from October onwards. Speeds over 4 m/s have a probability of 50% in different 

months [32]. 

In winter, systematic westerly winds, whose directions have become southwesterly winds following 

the coastline and the mountains aligned with it, and have been weakened by the effect of the mountains, 

in the daytime, combined with sea breezes, have created dominant southerly and southwesterly winds 

in Bandar Abbas. The north and northeast winds in this season are caused by the rule of the Siberian 

cold high-pressure system over this region and in this season, but these winds are weak during the day 

due to the direction opposite to the daily breeze and strengthen at night due to the alignment with the 

night breeze. As a result, what has appeared as the prevailing wind in this season in windrose is 

completely the land and sea breeze intensified by the mountains behind this region [33]. 
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2.4. MODELING THROUGH SOFTWARE 

After obtaining the initial field data and determining the appropriate location for installing the said 

power plant, PVsyst and PVsol software were used to simulate 4 MW PV. PVsol software has high 

power in 3D simulation and it is possible to obtain suitable output data from it. Also, to ensure the output 

results and data control, PVsyst software has been used. To simulate, 550 Watt panels were used in two 

rows and 50 panels in each row. To reduce the design costs, fixed angle panels, and 24 degrees angles 

were placed on the ground. The determined angle after monitoring the software and finding the optimal 

angle corresponding to the latitude of the installation location, which leads to the best output 

performance of the power plant, is selected and determined in the software input. To prevent the panels 

from shading each other and according to the height of the panels, the appropriate distance between the 

panels was determined using equation (1) of about 6 meters [29]. 

Where L is the Azimuth, is the δ height angle and          is the tilt angle of the sun to the latitude of the 

region. Hofmann algorithm is used for diffuse radiation [34]: 

Where      elevation of the sun and Eext is the extra-terrestrial irradiation. The Hey&Davies algorithm 

for radiation equations on inclined surfaces. An anisotropy index, Ai, is defined is [35]:

Where DNI is the direct normal irradiance and Ea is extraterrestrial radiation.

Regarding the power of the panel, the inverter used to produce 4 MW power, both softwaressuggested 

the number of 8000 panels. The 3-phase electricity production and the power output of the power plant 

were estimated to be about 2.3 MW based on the simulation. To increase the efficiency of the process, 

the used panels are of single crystal type and have an efficiency of 21.29 and consist of 144 cells, a 

filling factor of 78.74%, and 50 KWinverters.

The advantage of Iran and especially the southern provinces is the existence of vast lands for building 

solar power plants, but it should be noted that the optimization of the area required for the installation of 

equipment, their control and monitoring will make it easier, and will lead to the reduction of other 

current costs. Based on the simulation, the amount of land required for this power plant is around 20000 

square meters. This is the amount of area used in the case of fixed southfacing angle panels.
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Due to the same initial conditions and the use of similar panels and inverters, the output of Pvsyst and 

PVsol software were similar and did not differ statistically. According to the prepared outputs, in 

another simulation using the same panel and inverter, the efficiency of the power plant in the east-west 

delta installation has been entered, and the calculations have been checked. In this case, the installation 

angle is 25 degrees and simulation algorithms, the Hofmann algorithm for diffuse radiation and the 

Hey&Davies algorithm were used [29]. The simulation output results show that 7500 panels are needed 

in this case, and in terms of the required land area, this amount is significantly reduced compared to the 

previous case and about 9700 square meters are needed. In terms of the performance ratio, there was no 

significant difference between the delta mode and the southmode, and both simulations were in the 

same working range. Tables 2 and 3 show the technical specifications of solar panels and inverters used 

in the simulation. To achieve acceptable results, it has been tried to use the highest quality panel and 

inverter in this simulation.
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3. Results & Discussion

The performance ratio is a parameter that can be used to obtain appropriate information about the 

performance of the solar power plant. Based on the results of the software simulation, the performance 

ratio in the case of south panels with a fixed base for all months of the year is 0.7 or more, which is 

considered a suitable ratio (Figure 8).

For the final monitoring of the process, the simulation performed for the construction of the power plant 

was evaluated using RETScreen software [32]. Based on the output of the software, the average 

monthly direct radiation at the installation site is in the range of 120 to 170 kilowatt hours per square 

meter, which is a suitable value for the start-up and efficiency of the power plant (Figure 9).
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According to the output and monitoring of the amount of radiation at the site, it was possible to obtain 

energy from 6:00 AM to 7:00 PM for more than eight months of the radiation year in the installation 

site, but most of the radiation power in the year is between 8:00 AM and 5:00 PM (Figure 10). 

Considering that these hours are the peak time for electricity consumption, this is a suitable advantage 

for the power plant in question. According to the economic estimate made by the software, the 

investment return time for the installation of this power plant is in the fourth year, and as a result, after 

four years, the project investor will get a good profit.

In order to obtain the reduction of harmful greenhouse gases, the amount of energy produced by the 4 

MW power plant is obtained and compared with the amount of fuel consumed in gas or diesel power 

plants that produce the same amount of energy a 4 MW. The amount of greenhouse gas produced from 

the diesel power plant is calculated and expressed as the prevention of greenhouse gas emissions due to 

the use of the solar power plant. The amount of greenhouse gases removed due to the  construction and 

operation of the mentioned power plant is about 3500 tons (Table 4). Based on the guaranteed purchase 

price of renewable electricity, the amount of electricity produced by the 4 MW photovoltaic power 

plant can be calculated by multiplying the amount of electricity produced and the amount of money 

saved due to the construction and operation of this power plant (Table 4).

The results of the RETScreen environmental simulation have shown that the construction of this solar 

power plant will lead to a reduction in the production of more than 3500 tons of carbon dioxide. The 

continuation of the construction of this power plant will have a significant impact on reducing pollution 

for other industrial estates (Table 4).
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4. Conclusions 

Based on the simulation results, it can be said that it is possible to install this power plant with suitable 

efficiency and output power of about 3 MW. 

Adequate radiation in the study area and relatively low rainfall in this area are the advantages of 

thedesired location. The absence of local high-speed winds, as well as dust, makes this location a good 

place to install a power plant Based on the output of the software, installing the panels of this power 

plant in the form of an eastwest delta will be more cost-effective in terms of finance and also reduce the 

required surface area compared to the south-facing panel.

The results of the statistical test at the confidence level of 95% between the data output of PVSol and 

PVSyst software showed that there is no significant difference between the data of the output results, 

and both software achieved the same answers. The proposal of both soft wares for panel installation was 

Delta wing panels.

Considering that the purpose of installing and operating this power plant is to use it during peak 

consumption hours, especially in the hot seasons of the year and the first half of the year, the simulation 

output shows that the peak efficiency of this power plant is a suitable adaptation. It has peak 

consumption hours and will eventually help to prevent blackouts in the industrial town. Also, for more 

than 8 months of the year in this place, it is possible to use this power plant for more than 12 hours, 

which is also a good advantage for the proposed location. The use of this amount of renewable solar 

energy in the location of this industrial town will have a significant impact on reducing the amount of 

pollution. Also, if panels are installed on the roofs of the buildings and sheds in this industrial town, it is 

possible to obtain the energy needed for current purposes such as lighting, running cooling devices, and 

security and camera systems. Etc. and this process will also prevent disruptions in the current processes 

of companies and workshops in the event of a power outage.The most important challenge and 

limitation in this research have been the justification of the government to establish renewable 

systems.Considering the climatic conditions of the southern region of Iran, verifying this research and 

justifying government managers' investments in the renewable energy sector is a difficult task.
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Numerical Multi-Variable Investigation and Optimization of a High
Temperature Hydrogen Production Process Using Solar-Based eliostat

Field and Supercritical CO2 Utilization

A B S T R A C T
With regard to the sustainability of using carbon dioxide in supercritical processes, this study 

proposes a novel power/hydrogen cogeneration arrangement consisting of a recompression 

supercritical carbon dioxide gas turbine cycle and a solid oxide water electrolysis unit in integration 

with a high-temperature solar-based heliostat field. The steady operation of the system is also 

guaranteed by means of thermal energy storage tanks. On this path, anumerical multi-variable study 

and optimization of the entire system are conducted. Hence, four main parameters are viewed to study 

the sensitivity of the net power output, hydrogen output, energy and exergy efficiencies, and unit cost 

of products. Hence, a genetic algorithm is applied to investigate the optimum conditions of the entire 

system considering the maximum energy and exergy efficiencies and the minimum unit cost of 

products as objective functions. Looking at the results, the sensitivity of the outcomes is further 

affected by the increase in compressor 1 inlet pressure. Besides, the optimum energy efficiency is 

26.81%, optimum exergy efficiency is21.03%, and optimum unit cost of products is 18.79 $/GJ are 

attainable.

Keywords: Supercritical CO2 utilization; Solar-based heliostat field; Solid oxide water electrolysis; 

Multi-variable investigation; Optimization

Hassan Athari, Maghsoud Abdollahi Haghghi *

Department of Mechanical Engineering, Elm-o-Fann University College of Science 

and Technology, Urmia, Iran

1. Introduction

Transitioning from conventional energy conversion routes to updated technologies is absolutely 

needed to supply the energy demand in different sectors, i.e., urban, industrial, agricultural, etc. [1-3]. 

Renewable energy-based programs are incredibly increased in recent years; however, further attention 

is required to identify the most suitable way of energy conversation using renewable energy resources 

[4,5]. Solar energy is recognized as the zero-emission source of renewable heat-based energy utilized 

in many projects throughout the world. Different technologies, from low-temperature to high-

temperature applications, have been built and evaluated in which high-temperature ones are 

appropriate for power plants. Solar power tower technology composed of heliostat mirrors and a 

central receiver is a proper selection for potential cities for power generation and other multigeneration 

goals [6-9]. To highlight its application, a detailed literature review is represented in the following.

Sezer et al. [10] regarded and studied the advantages of a solar-based heliostat field (SHF) combined 

with wind turbines for simulation production of heating, cooling, power, and freshwater. They showed 

an exergy efficiency of 48%. Zoghi et al. [11] evaluated the exergy and costaspects of integrating a SHF, 

ISSN. 2476-1234

Journal of Solar Energy Science And Research ( Volume - 9, Issue-2, May - Aug 2025)                                                  Page No. 40



a biomass gasification subsystem, a gas turbine cycle, low-temperature water electrolysis (LTWE) for 
hydrogen production, and cooling and heating terminals. So, an exergy efficiency of 43.1% and a total 
cost rate of products of 7799 $/h were found. Using a SHF, Yuksel et al. [12] investigated a 
multigeneration process for thesimultaneous production of power, hydrogen, freshwater, cooling, and 
heating. The proposed system had a higher performance at higher ambient temperatures. Colakoglu 
and Durmayaz [13] showed the exergy and cost potential of a SHF combined with a gas turbine cycle. 
The result indicated an exergy efficiency of 34.5% and a levelized cost of products of 0.079 $/kWh. 
Considering a case study for Qatar, Nedaei et al. [14] proposed a multigeneration process relying on a 
SHF with net output power and exergy efficiency of 7.4 MW and 38.7%, respectively. Wang et al. [15] 
showed athermal efficiency between 19.2% and 22% for a SHF integrated with a two-stage 
recompression gas turbine cycle. In a study by Liang et al. [16], a SHF was used to launch a two-stage 
recompression supercritical carbon dioxide (S-CO2) gas turbine cycle combined with an organic 
Rankine cycle (ORC). The most suitable range of net power output was deduced between 2200 kW and 
2300 kW. Sachdeva and Singh [17] examined the potential of a combined power plant encompassing a 
gas turbine cycle, an ORC, and a steam Rankine cycle (STC) in integration with a SHF. This 
arrangement indicated net power output of 332 kW per unit mass rate of input air of the gas turbine 
cycle. In a study by Sadeghi et al. [18], the applicability of a SHF combined with a multigeneration 
system producing power, heating, hydrogen, and oxygen was assessed and investigated. Through the 
study, they obtained an energy efficiency of 50% and an exergy efficiency of 45%. Keshavarzzadeh et 
al. [19] designed a SHF combined with a gas turbine cycle for a multigeneration application. They also 
optimized the operation and found that the optimum unit cost of products was 0.045 $/kWh. Khatoon 
and Kim [20] utilized supercritical and transcritical Co2-based processes for power generation in 
combination with a SHF. So, the energy and exergy efficiencies of 42% and 67% were calculated, 
respectively. Yang et al. [21] used thermal energy storage for a SHF and provided the needed heat for a 
S-CO2 gas turbine cycle. From their study, energy efficiency was available at 17.1% for winter and 
17.8% for summer. Mohammadi et al. [22] considered a combustion chamber and a SHF to launch a 
recuperative gas turbine cycle. Besides, they stated that fuel consumption and emission decreased 
considerably.

Green hydrogen production is a valuable method of energy supply for remote areas, which can be 
considered within multigeneration processes [23-25]. Among available hydrogen production ways, 
water electrolysis, although an energy-intensive route, has great potential for environmentallyfriendly 
hydrogen generation [26-30]. A solid oxide electrolyzer cell (SOEC) is a high-temperature waster 
electrolyzer tool that is suitable for combined processes. Its applicability is reviewed in the following 
based on some recent studies [31].Mohammadi and Mehrpooya [32] proposed a solarbased process 
using parabolic dish collectors for hydrogen generation through a SOEC and found that the hydrogen 
production rate per day and its cost were respectively equal to 41.48 kg/day and 9.1 $/kg. Wang et al. 
[33] proposed the use of an SOEC in integrating with an engine. The hydrogen production rate was 
found to be 22.39 kg/h. Hjeij et al. [34] designed a multigeneration process involving hydrogen 
production. The system also was capable to yield power, heating, ammonia, urea, and natural gas. The 
hydrogen production rate and total exergy efficiency were obtained to be 0.1 kg/s and 14%, 
respectively. Xu et al. [35] proposed and optimized a biomass-based steam Rankine cycle combined 
with a multi-effect desalination and aSOEC. The optimum exergy efficiency and unit cost of products 
were found to be 17.6% and 26 $/GJ, respectively. Using a SOEC, Alirahmi et al. [36] produced 
hydrogen via a geothermal-based multigeneration process. They showed that the optimum exergy 
efficiency was 37.9% and the optimum cost rate of products was 15.1 $/h.

Solar-based arrangements have been reviewed, where there is a gap in introducing high-temperature 
SOECs in combination with a SHF and S-CO2 gas turbine cycle. On this account, this paper is 
preparedto design a novel framework for a power andhydrogen cogeneration system using a 
recompression S-CO2 gas turbine cycle operated by a SHF with thermal energy storage tanks and a 
SOEC. This study performs a sensitivity study from the thermodynamic and cost standpoints. In 
addition, a genetic algorithm is used to optimize the proposed process both thermodynamically and 

Journal of Solar Energy Science And Research ( Volume - 9, Issue-2, May - Aug 2025)                                                  Page No. 41

ISSN. 2476-1234



cost standpoints. In addition, a genetic algorithm is used to optimize the proposed process both 

thermodynamically and economically.

2. Process description 

Figure 1 exhibits the schematic of the proposed arrangement in this study. As can be evident, three main 

parts are there, namely a SHF with storage tanks, a recompression S-CO2 gas turbine cycle, and a 

SOEC. Since the highest operating temperature of the S-CO2 process is lower than conventional gas 

turbine cycles, it can be regularly utilized in integration with a SHF. With regard to this ability, it can be 

represented that such process is proper because the change in the solar status affects the operation of 

such process less than gas turbine cycles.

First, low-pressure CO2 flows into compressors 1 and 2 at states 1 and 13, respectively. Accordingly, 

flow 2 passing through the low-temperature recuperator (LTR) is mixed with flow 14 at state 3. So, flow 

4 is made and enters the high-temperature recuperator (HTR). Consequently, the pressurized CO2 is 

further warmed before flowing into the solar unit. Thus, flow 5 goes into storage tank 1 (St.T1),then 

flow 6 is delivered to the high-pressure turbine (HPT). Subsequently, flow 7 leaves the HPT and is 

reheated by using storage tank 2 (St.T5). Consequently, the heated CO2 is sent into the lowpressure 

turbine (LPT). Its output flow at state 9 is the hot flow entering the HTR and LTR. Considering state 18, 

the heated molten salt (59.5% LiCl / 40.5% KCl) flows into storage tanks at points 19 and 21. 

Subsequently, these flows are mixed at point 17 and the mixed flow is delivered to the receiver of the 

SHF. Here, 20% of the power produced by the supercritical process is considered for hydrogen 

production by the SOEC, and the rest is supplied to the grid.

In the SOEC, water at state 23 is pumped up to state 24, and this flow is delivered to heat exchanger 3 

(Hx3). Flow 24 is heated and enters the SOEC after crossing HX3, electrical steam generator (ESG), 

heat exchanger 2 (HX2), heat exchanger 1 (Hx1), and electrical heater (EH), respectively. 

Subsequently, flow 29 is mixed with flow 33, and flow 30 is sent into the SOEC. Flow 32 is also sent into 

heat exchangers 1 and 3 for heat recovery; therefore, the yielded hydrogen is stored at state 35.

3. Materials and Methods

In order to simulate the proposed model, a code has been developed in the engineering equationsolver 

(EES) software. Afterward, a genetic algorithm has been used to show the optimal operation of the 

system. EES is a general equationsolving software with the ability to solve thousandsof coupled non-

linear algebraic and differential equations numerically. Its other main features include solving 
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differential and integral equations, do optimization, and provide uncertainty analyses. A major feature 

of EES is the high accuracy thermodynamic and transport property database that is provided for 

hundreds of substances in a manner that allows it to be used with the equation solving capability. The 

input conditions of the simulation are given in Table 1.
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Furthermore, some base assumptions are regarded as follows [37-39]:

� The temperature and pressure of the reference state are T0 = 25 oC and P0 = 1 bar. 

� The operation of the system is at steady-state. 

� The pressure drop of the piping network and heat  exchangers is zero.

� The kinetic and potential forms of energy and exergy are zero. 

� Turbine, pumps, and compressors are adiabatically modelled with a specific isentropic efficiency.

� The operating temperature of the SOEC fixed.

3.1. Thermodynamic analysis 

For each component, the mass balance equation and the first law of thermodynamics (energy balance) 

are mathematically given as [46]:
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