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 This project aims to build a solar thermal power plant to supply the MUTSAMA 

center. The lack of electricity and the need to increase the efficiency of the 

MUTSAMA center are the main reasons why we decided to carry out this work. 

To achieve this, we adopted a strategy of studying the selection of the site and 

the solar resource, calculating and adapting the parameters of the solar thermal 

power plant, and choosing the equipment for our production source. To meet 

the objective, we carried out a modeling and simulation study of the solar 

thermal power plant using the SAM tool and designed a system for orienting 

the collectors to the path of the sun using an Arduino Uno R3 board and 

TinkerCad software. The plant's collectors are parabolic troughs made by 

Solagenix (SGX-1). The plant is built with two collectors, each formed by 

twelve modules, and produces a power of 0.5 MW with 12 hours of operation 

in the absence of sunlight. The results show that the plant can produce a power 

of 517.17KW, an energy evaluated at 325939KWh for one year with a capacity 

factor of 8.3%, and gives a maximum power for a period of 10 hours to 16 hours 

during the day. 
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1. INTRODUCTION 

Electrical energy is important for the social and economic development of the country. The need for a 

better future is based on the development of electrical energy. The lack of electricity is a major challenge 

to achieving sustainable development, and it is against this backdrop that the latter requires governments 
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and economic production companies to carry out far-reaching reforms in the energy sector (Zibouche 

and Mekaoui, 2021). 

To contribute to the country's development, we want to create a source of electrical energy to facilitate 

the operation of the MUTSAMA center.  After analyzing the area's climatic conditions and the 

renewable resources it possesses, we chose this solar thermal source to take advantage of the sun and its 

good storage capacity compared with other energy production systems. Moreover, exploiting renewable 

energy resources is one of the challenges of this millennium, given that the world is aware of the harmful 

effects caused by the use of very expensive, non-renewable fuels (Remili and Saadi, 2022).  

In our work, we limit ourselves to techniques aimed at customer satisfaction to increase the output of 

the MUTSAMA center by meeting the need for electrical energy, which is the driving force behind the 

development of society. It is with this in mind that we want to create a source of solar thermal energy to 

power the MUTSAMA center. The general objective of this work is to design and propose the 

construction of a solar thermal power plant to ensure the smooth running of the MUTSAMA center. To 

deal with the subject and answer the questions raised, we adopted a strategy of studying the selection of 

the site and the solar resource, calculating and adapting the parameters of the solar thermal power plant, 

and choosing the equipment for our production source.  Our work is carried out using the System 

Advisor Model tool, SAM for short. This tool is used to model and simulate the results of the solar 

thermal power plant. In addition, the SAM software is also used to study and analyze the geographical 

coordinates of the area where we want to install the solar thermal power plant. The MUTSAMA center 

consumes a power of 103755 W and an energy equal to 835290 Wh/D. As with all other solar thermal 

power plants, our production system has a sun-tracking system. The collectors are adapted to the sun 

using electronic circuits based on an Arduino Uno R3 electronic board. 

Our system was programmed and simulated using Tinkercad. The system consists of twenty-four 

modules grouped in two collectors. The solar power plant supplying the MUTSAMA center has a 

capacity of 0.5 MW and operates for 12 hours in the absence of sunshine. The results show that the 

power produced by the solar thermal plant is 517.17 kW, an energy evaluated at 325939 kWh for one 

year with a capacity factor of 8.3 % and gives a maximum power for a period of 10 hours to 16 hours 

during the day. 

Apart from the introduction and conclusion, this study is divided into two main parts. The first part 

presents the methodological context and the sizing techniques for the solar thermal power plant, 

specifying the system for orienting the collectors to the path of the sun. The second part presents the 

results obtained during the sizing of the solar thermal power plant and the results obtained after 

simulation using SAM software, and finally an analysis of two results found. 

2. METHODS AND OBSERVATIONS 

SAM software is used to design, simulate, and analyze hypothetical solar thermal power plant plants. 

The National Renewable Energy Laboratory (NREL) has developed this software to help project 

managers, engineers, and researchers model different renewable energy systems such as parabolic solar 

power plants, photovoltaic systems, wind turbines, and geothermal energy applications. In addition, 

SAM offers cost-effective analysis solutions for systems that facilitate decision-making processes 

(Bashir and Özbey, 2022).  

The SAM software uses two approaches to simulate solar thermal systems: physical and empirical 

models. The empirical model is based on real-life scenarios from several existing plants. On the other 

hand, the physical model has more flexibility and allows users to modify the design parameters Hamilton 

et al. 2020). Therefore, the SAM software is used for the design of the solar thermal power plant and 
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includes several menus such as start a new project, open a project file, open script, and quit as shown in 

Fig. 1. 

 

Fig. 1. The SAM software interface. 

2.1 Site selection and solar resource 

The geographical coordinates and irradiance are determined using the System Advisor Model tool, 

SAM single, and are grouped in the table in Table 1. 

Table 1. Geographical coordinates. 

Characteristics Value 

Longitude 29.703°C 

Latitude -3.861 °C 

Altitude 1892m 

Global radiation 5.79 kWh/m2 

Diffuse radiation 1.35 kWh/m2 

Ambient temperature 42 °C 

2.2 Calculating the parameters of the solar thermal power plant 

The essential geometric characteristics of the reflector are focal length, aperture width, and length. The 

focal length is the distance between the top of the reflector and the focal point. The aperture width (w) 

refers to the distance between the collector and the rim (Moya, 2012). Concentration is the ratio of 

reflector size to receiver size and is calculated by equation (1) (Bashir and Özbey, 2022). 

𝐶 =
W − 𝐷0

π × D0
 (1) 

With D0 : Outside diameter of the absorber tube in m  

          W: Opening width (m) 
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The fluid mass flow rate is calculated by Eq. (2) (Amin et al. 2015). 

�̇� =
π×Di×Vf

4
  (2) 

With �̇�: mass flow rate in kg/s, Di: Inside diameter of absorber tube in m, Vf: Fluid velocity in m/s 

The internal transfer coefficient hf is given by the following Eqs. (3) and (4) (Bashir and Özbey, 2022): 

Re =
Vf × Di

ν
 (3) 

With  ν: Kinematic viscosity in m2/s 

Nu =
hf × Di

Kf
 (4) 

With Kf : Thermal conductivity W/m.K , hf : the local heat transfer coefficient in W/m2.K, 

Nu=3.66 for Re <=2000 And Nu=0.0243*Re0.8*Pr0.4 For Re>2000 

The collector efficiency factor is given by the relationship in Eq. (5) (Rawani et al. 2017): 

F́ =
1

UL [
1

UL
+

D0

Di×hf
]
 (5) 

With  D0 : Outer diameter of absorber tube in m, Di : Inside diameter of absorber tube in m, 

          UL : is the heat loss coefficient in W/m2.K  

The collector heat removal factor Fr is calculated using Eqs. (6) (Rawani et al. 2017; Ghodbane et al. 

2015) : 

Fr =
ṁ × CP

π × D0 × L × UL
[1 − exp {

F́ × π × D0 × L × UL

CP × ṁ
}] (6) 

With  F́: is the collector efficiency factor, CP : is the heat capacity of the fluid in [J.kg-1. K-1], L: Length 

in m. The absorbed flux is represented by Eq. (7) (Rawani et al. 2017): 

S = Ib × Rb × ρ × γ × (τα)b + Ib × Rb × (τα)b × (
D0

W − D0
) (7) 

In this equation, Ib direct radiation in W/m2, Rb : global radiation in W/m2,  : specular reflectivity of 

the concentrator surface, (τα)b : average value of the transmission absorption product, γ: Interception 

factor, the fraction of radiation intercepted by the absorber tube, and S: The absorbed flux in W. The 

useful heat gain rate Qu is determined by Eq. (8) (Rawani et al. 2017): 

ρ
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Qu = Fr(w − D0)L [S −
UL

C
(Tfi − Ta)] (8) 

In this equation, Ta represents the ambient temperature [K or °C], Tfi : The fluid inlet temperature, [K 

or °C], Fr: The heat dissipation factor, Qu: Useful heat gain in W. The outlet temperature is calculated 

by the following Eq. (9) (Ghodbane et al. 2015; Irshad et al. 2018): 

Tfs = Tfi +
Qu

ṁ × CP
 (9) 

With  Tfs  : Fluid outlet temperature in °C. The rate of heat loss is determined by Eqs. (10) and 

(11) (Rawani et al. 2017): 

qL = (W − D0) × L × S × Qu (10) 

qL = π × D0 × L × UL × (TPm − Ta) (11) 

Where TPm  : The temperature between the tube and the reflector in [K or °C], Ta : The ambient 

temperature in [K or °C],  qL : The loss rate in W. The temperature between the reflector and the absorber 

tube  TPm  is calculated by Eq. (12). 

TPm = Ta +
qL

π × D0 × L × UL
 (12) 

The temperature value of the glass lid  TC is calculated by Eq. (13) (Rawani et al. 2017): 

Tm =
TPm + TC 

2
 (13) 

With Tm : The average temperature.  Instantaneous Efficiency   ηi is given by equation (14). 

ηi  =
Fr(W − D0) × L [S −

UL

C
(Tfi − Ta)]

Ib × Rb × W × L
 (14) 

The temperature of the fluid leaving the exchanger Tfs is also given by the following Eq. (15) (Rawani 

et al. 2017; Ghodbane et al. 2015): 

Tfs = Tfi +
Fr(W − D0) × L(S −

UL

C
(Tfi − Ta)

ṁ × CP
 (15) 

The pressure at the outlet of the concentrator p2 is given by Eq. (16) : 
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p2 = p1 × (
T1

T2
)

1−γ

γ

 (16) 

In this equation, the temperature T1   is at the inlet to the collectors in °C, the pressure  p1  at the inlet to 

the manifolds in Pa and temperature T2  is at the outlet of the collectors in °C. The temperature  T4  was 

calculated using Eq. (17). 

T4 = T3 × (
p3

p4
)

1−γ

γ
 (17) 

With  T3 is the temperature at the turbine inlet in °C, p3  is the pressure at the turbine inlet in Pa, and   

𝑝4is the pressure at the turbine outlet in Pa and  T4 is the temperature at the turbine outlet in °C. The 

pressure at the pump outlet  p2 is calculated using the following equation (18): 

p2 = p1 × (
V1

V2
)

γ

 (18) 

With V1  : The volume of the tank filled with the fluid in m3 ;  𝑉2 : The volume of the fluid in m3; p1 : 

Pump inlet pressure in Pa ; p2: The pressure at the pump outlet in Pa. The pump's electrical power is 

calculated by Eq. (19): 

Pel =
Ph

η
 (19) 

Where 𝑃𝑒𝑙  is the electrical power in watts,  is the pump efficiency and  𝑃ℎ is the hydraulic 

power. The power of an exchanger is calculated as a function of K, S and ∆𝑇𝑚 can be written as 

follows using Eq. (20) (Bourret): 

P = K × S × ∆Tm (20) 

In this equation, ∆𝑇𝑚 is the average temperature difference between the two fluids in °C, S is the 

exchange surface in m2, and K is the overall heat exchange coefficient in W/°C/m2. 

Fluid flow in heat exchangers and a heat condenser can occur depending on the type of heat exchanger 

and condenser. There are two types of fluid flow: 

 counter-current flow 

 co-current flow 

For counter-current flow, the average temperature difference between the two fluids is given by Eq. (21) 

(Bakha et al. 2021) (Bakha et al. 2021): 

η
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∆Tm =
∆TS − ∆TE

ln (
∆TS

∆TE
)

 (21) 

With ∆TS = TCE − TfS and ∆TE = TCS − TfE   , ∆TS is the temperature difference at the outlet in °C ; 

∆TE is the temperature difference at the inlet in °C ; TCE is the hot inlet temperature in °C, TCS is the 

hot outlet temperature in °C, TfE is the cold inlet temperature in °C and TfS is the outlet cold temperature 

in °C. 

For a co-current flow, the average temperature difference between the two fluids is given by Eq. (22). 

∆Tm =
∆TE − ∆TS

ln (
∆TE

∆TS
)

 (22) 

With ∆TE = TCE − TfE  and ∆TS = TCS − TfS   

The heat exchange coefficient is calculated using Eq. (23): 

1

K
=

1

h1
+

1

h2
+

e

λ
+ R (23) 

With h1and h2 are local heat transfer coefficients in W/m2.K; λ : Thermal conductivity of a material in 

W/m.K and  : The thermal resistance of a material in m2 °C/W. 

The surface area of the exchangers is therefore given by Eq. (24): 

A =
∅

U × ∆Tm
 (24) 

With: U = overall heat transfer coefficient (W/m². °C);  A: surface area in m2, ∆Tm The average 

temperature difference between the two fluids in °C; ∅: Flux in watts.  

 

The thermal power is given by equation (25): 

Q = m × CP × ∆Tm (25) 

2.3 Choice of equipment 

Generally speaking, a parabolic trough-concentrating solar thermal power plant consists of solar 

collectors, a storage system, and a power block (Mills, 2018). The storage system is divided into two 

parts, one of which is called the cold tank and is intended for storing cold fluid, and the other is called 

the hot tank and is intended for storing heat. The power block consists of the turbine, condenser, and 

generator. The heat exchanger can be found on the power block or the storage system, depending on the 

type of storage used. Figure 2 shows the complete diagram of the solar thermal power plant with all the 

equipment. 

R
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Fig. 2. Schematic diagram of the solar thermal power plant 

3. DESIGN AND SIZING OF A PARABOLIC TROUGH SOLAR THERMAL POWER 

PLANT 

The design of a parabolic trough solar thermal power plant is influenced by the technical characteristics 

of the selected collectors, the location of the installation, the climatic data, the storage system, the nature 

of the storage fluid, the pumps, the heat condenser, the heat exchanger and the turbine driving the 

generator. All these parameters and equipment are referred to as design conditions (Yasin and Draidi, 

2016). The sizing of a parabolic trough concentrating solar thermal power plant supplying the 

MUTSAMA center then involves data collection, system configuration, simulation using SAM 

software, analysis of the results found, and the final sizing, which enables us to determine the specific 

system equipment suited to the power plant for producing electrical energy. 

The selection of inlet and outlet temperatures is based on the heat transfer fluid (HTF), which is 

Therminol VP-1. Therminol VP-1 operates in two phases, the liquid phase between (12ºC -400ºC) and 

the vapor phase between (260ºC - 400ºC). Table 2 highlights the main characteristics of the fluid used 

in the solar thermal power plant. The fluid used in the storage system is Therminol VP-1.  

Table 2. Fluid characteristics. 

Thermal fluid Therminol VP-1 

Limit temperature of the fluid 400°C 

Specific heat of the fluid at 343°C 2.436 kJ/kgºC 

Maximum mass flow through the collector loop 12 kg/s 

Minimum mass flow through sensor loop 1kg/s 

The Solagenix (SGX-1) collectors were chosen for this project. The solar thermal power plant consists 

of two collectors, each made up of twelve modules. The technical characteristics of our collectors are 

shown in Table 3 (Perera, 2019). 

Table 3. Collector characteristics. 

Length of collector (m) L 100 m 

Width of opening (m) Wa 5 m 

Aperture area (m2) ApAp 498 m2 

Reflectivity of the mirror ρ 0.93 



                                         Journal of Renewable Energies 27 (2024) 81 – 98 

89 

The choice of appropriate receivers for our energy production source supplying the MUTSAMA center 

is based on the UVAC3 brand receivers and Table 4 contains the technical characteristics of this 

receiver.  

Table 4. Technical characteristics of the receiver. 

Receiver outside diameter (m) D0  (m) 0.07 m 

Receiver inner diameter Di (m)   O.066 m 

Outside diameter of the absorber  DC0    (m)   0.121 m 

Inner diameter of absorberDCi (m)   0.115m 

Optical efficiency 0.875  

Overall heat loss coefficient for T=370°C 5.25 

Dirt factor 0.964 

Average value of transmission absorption product (τα)b  0.86 

Interception factor, the fraction of radiation intercepted by the absorber tube  0.96 

To store the energy, the fluid at the system's low temperature is pumped from the first tank, called the 

"cold tank", into the solar field or to an exchanger, heated to the high temperature, and then injected (or 

stored) in the second tank, called the "hot tank". To remove the energy initially charged, the hot fluid is 

pumped from the hot tank, sent to an exchanger (of the power unit or the process requiring heat), the 

stored energy is used, and then the fluid, which has returned to its low temperature, is re-injected into 

the cold tank (Zalba et al. 2003). Table 5 shows the technical characteristics of the storage system. 

Table 5. Characteristics of the storage system. 

Parameters The value 

Tank diameter 4.37 m 

Tank height 12 m 

Minimum height of liquid in the tank 1 m 

Volume of storage tank 359.43 m3 

HTF storage fluid Therminol VP-1 

Available HTF volume 329.47m3 

Number of tanks 2 

Min temperature of HTF 12°C 

Maximum HTF temperature 400°C 

HTF density 765.46 Kg /m3 

Hot tank heater temperature 365°C 

Cold tank heater temperature 250°C 

Storage time 12 Heures  

Initial percentage of hot HTF 30% 

Thermal efficiency of the tank 0.98 

The steam turbine adapted to the parabolic trough solar thermal power plant is based on an ellipse law 

and isentropic efficiency (El Hefni, et al. 2014). The turbine driving the generator is brand N0.5-1.3. 

The technical specifications of this turbine are given in Table 6. 
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Table 6. Turbine parameters. 

Rated power in KW 1250 KW 

Rotation speed 3000 rpm 

Inlet temperature 450°C 

A heat exchanger is a device for transferring thermal energy from one fluid to another without mixing 

them. The heat flow passes through the exchange surface that separates the fluids. Based on the first 

principles of mass, momentum, and energy balance equations, the following phenomena are represented: 

transverse heat transfer, mass accumulation, thermal inertia, gravity, and pressure drop within the limits 

of the local flow rate (El Hefni, 2014). Table 7 shows the characteristics of the heat exchanger used for 

the solar thermal power plant. 

Table 7. Heat exchanger characteristics. 

Parameters Values 

Hot inlet temperature 400°C 

Hot outlet temperature 391°C 

Cold inlet temperature 42°C 

Cold outlet temperature 291°C 

Temperature between fluids 206.23446 °C 

Power 22935.97 W 

A condenser is a device whose main function is to liquefy (or condense) vapor, i.e. to change it from a 

gas to a liquid, through a cold surface or a heat exchanger, kept cold by the circulation of a refrigerant 

fluid. Table 8 shows a condenser based on the first principles of the mass and energy balance equations 

for the fluid and vapor, with the following phenomena represented: swelling and shrinkage phenomena, 

heat exchange between the vapor/fluid and the wall, and heat exchange between the external wall and 

the external environment (El Hefni et al. 2012). 

Table 8. Characteristics of the condenser used. 

Parameters Values 

Inlet temperature 20°C 

Output temperature 42°C 

Power 3706.7156 W 

Evaporator temperature 146.98196°C 

The technical characteristics of the first pump adapted to the solar thermal power plant supplying the 

MUTSAMA center are shown in Table 9. 

Table 9. Characteristics of the pump 1. 

Pump Features 

Power 0,75KW 

Min flow rate 18 m3/h 

Maximum temperature 90 °C 

Regarding the temperature and pressure at the inlet to the manifolds, a centrifugal pump has been 

chosen whose technical characteristics are compiled in Table 10. 
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Table 10. Characteristics of Pump 2. 

Pump Features  

Power 0.55 KW 

Country of origin Turkey 

Manufacturer ERDURO 

Max flow (l/min) 38 m3/h 

Min flow (l/min) 30 m3/h 

Inlet pipe diameter DN50 

Outlet pipe diameter DN32 

Rotational speed 300 rpm 

Maximum temperature 350 °C 

Maximum discharge height 48 m 

Cost 2379.25 € 

3.1 Designing a tracker to adapt the collectors to the sun  

The Tinkercad tool was used to adapt the collectors of the solar thermal power plant to the path of the 

sun. Tinkercad is used for programming and system simulation. 

Fig. 3 shows the design of a system for orienting the collectors, which must necessarily include an 

Arduino Uno board, two photoresistors, a servomotor, and two resistors. The operating principle of the 

system varies according to the value of the photoresistor. If the value of photoresistor 1 is higher than 

the value of photoresistor 2, the parabolic cylindrical collectors through the servomotor turn towards the 

photoresistor with the highest value, in other words towards the sunniest place. If the value of resistor 2 

is higher than resistor 1, the collectors turn towards resistor 2 with the highest value, of course going 

from degree to degree. 

 

Fig. 3. Designing an orientation system 

 

3.2 Financial study of the project 

The SAM software offers several approaches for the financial analysis of renewable energy systems. 

The simplest is the LCOE calculator method. LCOE is a key economic factor, defined as the total life-
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cycle cost of a plant, expressed as a cost per unit of electricity produced over its lifetime (Asiri and 

Suliman, 2021). 

LCOE is important for investors and researchers and can be used to compare different technologies. The 

LCOE calculator method in the SAM software uses four parameters to calculate the LCOE value, as 

expressed in the following Eq. (26): 

LCOE =
FCR × FOC × VOC

AEP
+ VOC (26) 

Where  TCC: capital cost ($) 

             FOC: represents the annual fixed operating cost ($), 

             COV: represents the operating cost per unit of electricity produced ($/kWh), 

             AEP: represents the electricity produced annually (kWh) and 

             FCR: stands for fixed charge rate, which is the return per amount of investment required to 

cover the investment costs (ETSAP and IRENA, 2012). 

4. PRESENTATION AND DISCUSSION OF THE RESULTS 

In this part, we show the results obtained after the simulation with the SAM software and those obtained 

during the dimensioning of the solar thermal power plant supplying the MUTSAMA center. The analysis 

of these two results obtained is made on the second point of discussion of the results. 

4.1 Presentation of the results 

The solar thermal plant supplying the MUTSAMA center consists of two collectors, each formed by 12 

modules. The heat exchanger adapted to the plant has a nominal power of 22935.97 kW, the air 

condenser has a power of 3706.7156 kW and a turbine with a power equal to 1250 kW operating at a 

temperature of 450°C. The results obtained by simulation using the SAM tool are shown in Table 11 

and summarize the results for the solar thermal power plant supplying the MUTSAMA center. 

Table 11. Summary of results for the solar thermal power plant. 

Parameters Values 

Annual AC Energy in Year 1 325939kWh-e 

Gross-to-net conversion 40% 

Annual Freeze Protection 370383kWh-e 

Annual Field Freeze Protection 1198kWh-e 

Power cycle gross electrical output 814878kWh-e 

Annual Water Usage 322 m3 

Capacity factor 8.3 %. 

Net capital cost $ 4 247848 

LCOE Levelized cost of energy real 42.01 $/kWh 

LCOE Levelized cost of energy nominal 55.93$/kWh 

Fig. 4 shows the power generated by the solar thermal power plant over a year as a function of 

operating hours. 
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Fig.4. The power of the plant. 

The energy produced by the solar thermal power station supplying the MUTSAMA center changes 

according to the month of the year, and Fig. 5 shows the electricity generated monthly.  

 

 

Fig.5. Energy produced by the solar thermal power plant. 

The storage system of the solar thermal power plant supplying the MUTSAMA center consists of two 

tanks, each 4.37 m in diameter and 12 m high. Fig. 6 shows the variation in temperature of the cold tank 

and the hot tank of a storage system supplying the MUTSAMA center. 

4.2 Discussion of results 

The solar thermal power plant supplying the MUTSAMA center produces an output of 0.5 MW. Fig. 7 

shows a comparison of the results obtained using the SAM tool. The solar thermal plant can then produce 

a power equal to 0.517 MW as shown in Fig. 4. Note that this power is at the margin since the nominal 

power of the turbine used is 1.250 MW. 
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Fig.6. Temperature variation in the storage system. 

 

 

 
Fig.7. Comparison of power consumption. 

Fig. 8 shows the variation in the consumption of electrical appliances at the MUTSAMA center. Finally, 

it can be seen that the power of all the appliances consuming electrical current does not exceed 

103.755.kW out of 500 kW produced by the power station, and daily energy is evaluated at 835,290 

kWh. Note that the appliance that consumes the most power does not exceed 44 kW for an operating 

period of 6 hours a day. 
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Fig.8. MUTSAMA center load curve. 

The annual energy requirements of the MUTSAMA center are estimated at 300704.4 KWh. Fig. 9 shows 

an energy comparison of the results obtained after the simulation. It can be seen that the energy required 

at the MUTSAMA center is lower than that obtained, at around 325935 KWh.  

 

 

Fig. 9. Energy comparison. 

Fig. 10 shows the temperature variation of the fluid in the storage system and it can be seen that the 

results obtained in Fig. 6 are higher than those presented in the storage system design for the cold tank. 

The minimum temperature is 250°C and the maximum temperature is 290°C, compared with 12°C and 

250°C, as shown in Table 5. For the hot tank, the results obtained in Fig. 6 are similar to those presented 

in Table 5. 
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Fig. 11: The storage temperature curve. 

CONCLUSION  

During this research, answers were found to the major problem of resolving the shortage of electricity 

and increasing the performance of the Mutsama center by helping to satisfy its customers, by meeting 

the need for electrical energy, which is the driving force behind development. The general objective of 

this work is to design and propose the construction of a solar thermal power plant to ensure the smooth 

running of the MUTSAMA center. To answer the research question, an analysis of the meteorological 

conditions, the sizing, and the thermal and economic performance of the solar thermal power plant was 

carried out using SAM software. The solar thermal power plant supplying the MUTSAMA center has a 

capacity of 0.5 MW and operates for 12 hours in the absence of sunshine. The solar thermal plant 

consists of two parabolic trough collectors, each formed by twelve modules, with a heat exchanger rated 

at 22935.97 W, an air heat condenser rated at 3706.7156 W, and a turbine rated at 1250 kW operating 

at a temperature of 450°C. The fluid used in the energy storage system is Therminol VP-1. To maximize 

the power and thermal energy of the solar thermal power plant, the parabolic trough collectors were 

aligned with the path of the sun. The collector orientation system was created and simulated using 

Tinkercad, and the various main characteristics of the plant were updated using Matlab software. The 

solar thermal power plant supplying the MUTSAMA center is showing good results, spending even 

more than expected at the end of the year, and can produce a power of 517.17 kW with an interval of 10 

to 16 hours producing maximum power. The plant can also give an annual energy of 325939 kWh with 

a capacity factor of 8.3 %. A simple analysis was carried out to estimate the plant's real discounted 

energy cost (LCOE), which is in the order of $42.01 / kWh. 
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