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Abstract In the modern world, solar energy is one of the most mature renewable energy resources for 
electricity generation. Because of the growing interest in green energy and CO2 reduction, concentrated 

power technologies have gained prominence all over the world. Several parabolic trough power plants 

are currently operational in various parts of the world. However, despite the region's favorable weather 
conditions, Nigeria and Sub-Saharan Africa have yet to adopt this technology. To galvanize the 

integration of solar energy into the energy infrastructure in Nigeria, technical and economic feasibility 
studies are required. This paper presents a techno-economic viability assessment of a 25 MW Parabolic 

Trough solar thermal power plant for electricity generation in Effurun-Warri, Nigeria. The System 

Advisor Model (SAM) software was used for the analysis, based on the validated technical and financial 
models inbuilt into the software. Results showed that the plant is technically feasible in Effurun-Warri 

with a capacity factor of over 35%, which compares favorably with other similar plants across the globe. 
However, the levelized cost of electricity (LCOE) of 11.87 ₵/kWh obtained is significantly higher than 

the subsidized cost of electricity in the country, by 99%, leading to a negative net present value of the 

project. To improve cost, optimized design parameters of the plant should be adopted for performance 
simulation in the SAM software.    

Keywords - Solar Energy; System Advisor Model (SAM); Concentrated Solar Power (CSP); Parabolic 

Trough Collectors (PTC); Techno-economic Assessment. 
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1. Introduction 

There has been an explosion in population in recent times, particularly in developing regions such 

as Africa [1]. Several consequences of this population explosion now live with humans globally today; 

including energy poverty, food insecurity, spontaneous increase in greenhouse gases emissions, global 

warming, etc. Reducing the impacts of these adverse effects on the human race is a global concern today, 

and several scientists have been working hard in this regard. Specifically, a lot of efforts are ongoing to 

improvise energy and transportation systems that would emit little or no hazardous gases into the 

environment, fuelled principally by renewable energy resources [2]. However, although such solar, 

wind, biomass, and other renewable energy and transportation systems are rapidly gaining traction in 

the developed world in terms of development and commercialization, little is yet to be desired of these 

systems in many developing countries. Among the causes of low application of renewable energy 

systems in these developing regions is the lack of technical and economic viabilities of such projects, 

due to low research funding and technical know-how. Thus, a lot of research funding and technical 

efforts are still required to massively develop renewable energy infrastructure in developing countries; 

and this justifies the need for this study.  

Solar is among the most widely studied renewable energy sources worldwide, perhaps due to its 

universal availability at no cost [3,4]. It can be harnessed using two main types of technologies; 

concentrated solar power (CSP) and photovoltaic (PV) systems. CSP systems employ tracking 

mechanisms to position a set of mirrors (collectors) in the direction of the sun, for the production of 
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thermal energy in the receiver and subsequent conversion to electricity. In PV systems, however, panels 

track the photonic energy of the sun for direct conversion to electricity. Although the PV technology 

has advanced significantly in terms of scalability and cost, it generally has lower efficiency than the 

CSP technology [5]. Besides, CSP projects are easily amenable for the generation of thermal energy for 

industrial applications, and that has made them very attractive for off-grid energy applications [6]. Many 

researchers have applied different computer simulation methods to study the feasibilities and 

applications of CSP systems for off-grid energy generation in different countries; a summary of these 

studies is reported hereunder. 

Martin-Pomares et al. [7] applied eleven-year hourly satellite-derived solar data to analyze the 

long-term feasibility of solar energy generation in Qatar and obtained that a parabolic trough CSP plant 

with a large thermal energy storage system had a huge potential in the country. Polo et al. [8] 

demonstrated the long-term feasibility of CSP plants based on a multi-year statistical analysis and 

System Advisor Model (SAM) simulation of four power plants in the Mediterranean North African 

region. Sequel to the aggressive plan of the Saudi Arabian Government to integrate about 25 GW of 

energy from CSP plants into the national grid, Kassem et al. [9] reported from their analysis of the 

strength, weakness, opportunity, and threat (SWOT) of different CSP technologies that the parabolic 

trough is the most mature and the most commercially deployed CSP technology. Serradj et al. [10] 

assessed the viability of a 100 MW parabolic trough thermal power plant for the city of Tamanrasset, 

Algeria, and reported that such a plant could satisfy about 78% of the city's total electricity demand in 

winter, and about 60% in summer. Similarly, Alotaibi et al. [11] employed the SAM software to design 

and analyze a 100 MW parabolic trough power plant for the city of Riyadh, Saudi Arabia, and reported 

that about 45% capacity factor was achievable by the plant at an acceptable levelized cost of electricity 

(LCOE). Sharma et al. [12] equally employed the SAM software to study the effects of the direct normal 

irradiation (DNI), solar multiple, and capacity of storage on the levelized unit cost of electricity (LUEC) 

of parabolic trough and linear Fresnel collectors. They reported the range of each parameter where the 

LUEC is lowest for each of the CSP technologies considered. Bishoyi and Sudhakar [13] reported, based 

on the design and performance simulation of a 100 MW parabolic trough power plant in India, that the 

thermal efficiency and electricity cost obtained from the hypothetical plant is such that should encourage 

further studies and innovations toward the implementation of CSP plants in the country. Also, Aseri et 

al. [14] reported the importance of integrating high-capacity thermal energy storage systems with CSP 

plants with low nominal capacities, over increasing the nominal capacities of such systems without 

energy storage. Praveen et al. [15] reported the feasibility of CSP plants to contribute to the development 

of sustainable energy in the Middle East, based on the SAM-based design and performance simulation 

of a parabolic trough power plant in the cities of Abu Dhabi and Aswan. In another study, Praveen et al. 

[16] proposed a fuzzy non-linear programming model to optimize the design of parabolic trough power 

plants, and when applied to a 100 MW plant in India, the approach was reported to improve significantly 

the capacity factor and cost. Ullah et al. [17] designed and constructed a small-scale parabolic trough 

solar power plant based on the results of modeling and simulation where different heat transfer fluids 

were compared for the CSP plant. Kherbiche et al. [18] assessed the viability of solar plants for 

electricity generation in M’Sila, Algeria, and recommended that the parabolic trough CSP plants should 

be adopted for the city. Furthermore, mohammadi et al. [19] investigated the feasibility of parabolic 

trough solar plants for industrial heat generation and reported that a 5 Mwt plant in Utah is competitive 

with plants fuelled with natural gas. Hirbodi et al. [20] assessed the techno-economic and environmental 

performance of CSP plants in the Southern region of Iran, and reported that a 100 MW plant with an 

average of 14 hours of thermal energy storage and a solar multiple of 3.0 would be competitive for 

electricity generation in the region. Tahir et al. [21] went beyond the usual techno-economic viability 
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assessment of CSP plants in Pakistan, to also discuss robustly the financial, technical, infrastructural, 

political, and other barriers that might affect the implementation of such plants, and the possible way 

out of such barriers. Trabelsi et al. [22] assessed the techno-economic feasibility of deploying a 50 MW 

parabolic trough power plant in the southern region of Tunisia. They reported that adopting the dry 

cooling scheme for the power plant would lead to a technically viable system for this desert region, with 

LCOE of about 18 ₵$/kWh.   

The literature review in the foregoing clearly shows that solar projects based on the parabolic 

trough CSP technology are ubiquitous, albeit with economic limitations. Also, it is explicitly revealed 

in the review that SAM is a very vital and popular tool being used for the design and simulation of CSP 

systems, perhaps because it is open-source software and it is able to account for the dynamic nature of 

climatic parameters up to minute-by-minute variation in the simulation. While feasibility studies have 

been carried out for different countries of the world, information is non-existent on the techno-economic 

feasibility of large-scale CSP systems for electricity generation in Nigeria, despite the favorable climatic 

conditions in the country. To bridge this gap, this study aims to apply the SAM software to assess the 

viability of a 25 MW parabolic trough CSP plant for the climatic condition of Effurun-Warri, Southern 

Nigeria. The specific objectives of the study are: 

• To design a 25 MW solar parabolic trough system using the SAM software; 

• To analyze the yearly energy production profile of the 25 MW parabolic trough system based 

on the ambient conditions of the twin city of Effurun-Warri in Southern Nigeria; and 

• To assess the techno-economic feasibility of the 25 MW CSP plant based on the current market 

realities in Nigeria.  

Section 2 summarizes the method employed in this study; the results obtained are presented and 

discussed in section 3, and the main conclusions are summarized in section 4. 

2. Methodology 

2.1. Plant scheme and site description 

Figure 1 depicts a schematic illustration of the proposed CSP plant. It is made up of a network of 

intertwined pipelines and an array of parabola-shaped mirrors. The pipelines are known as solar 

receivers, and they carry heat transfer fluid (HTF) from the collectors to the power block for conversion 

into electricity. The plant includes two-tank thermal energy storage (TES) system that uses molten salt 

as the storage medium. When solar energy is abundant, the HTF heats the storage medium in the TES 

for later use in electricity generation during the hours when solar irradiation is low or non-existent. In 

this study, the power plant is an air-cooled steam power plant that operates on the Rankine cycle. 

The climatic parameters of Delta State's Uvwie Local Government Area, where Effurun-

Warri is located, were obtained from the National Solar Radiation Database (NSRDB), as 

shown in Table 1. They validate the SAM software's built-in data for this location. 
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Fig. 1. Parabolic trough power plant scheme 

Table 1. Climatic Parameters of Effurun-Warri, Nigeria  

Parameter Value 

Latitude (0) 5.57 

Longitude (0) 5.78 

Tilt angle (0) 20 

Azimuth angle (0) 180 

Average temperature (0C) 25.9 

Global Horizontal Irradiation (GHI) (kWh/m2/day) 3.39 

Average wind speed (m/s) 0.4 

2.2. System Advisor Model design parameters of the CSP plant 

As previously stated, the SAM software [23] was used to simulate the CSP plant's techno-

economic feasibility. It was originally developed by the National Renewable Energy Laboratory 

(NREL) in America; its source physical and financial models have been validated, making it a veritable 

tool in the open literature for simulation of renewable energy systems today. The power plant's design 

in SAM was based on a nominal direct normal irradiation (DNI) of 950 W/m2 and a solar multiple (SM) 

of 2. Because of its widespread use in practical systems, therminol VP-1 was chosen as the HTF. Again, 

molten salt is used as the storage medium in the TES system, and 6 hours of thermal energy storage was 

chosen for the design in the SAM software. Table 2 highlights all of the other input details for the power 

plant's performance simulation. 
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Table 2. Parabolic trough CSP plant parameters 

Parameter Values Units 

Solar multiple 2  

Field aperture 877, 000, 000 m2 

Design point DNI 950 W/m2 

Field thermal power 157 W/m2 

Loop inlet HTF temperature 293 o C 

Loop outlet HTF temperature 391 o C 

Number of loops 46  

HTF pump efficiency 0.85  

Power Cycle 

Design turbine gross output 28 MWe 

Estimated gross-to-net 

conversion factor 
0.9  

Estimated output at design  25 MWe 

Cycle thermal eff. 0.356  

Cycle thermal power 76 MWt 

Thermal Energy Storage 

Hours of storage at the design 

point 
6 Hr 

Tank height 12 M 

Heat Transfer Field   

HTF Therminol VP – 1  

Inflation rate 18 %/yr 

Solar Field Area 149 Acres 

3. Results And Discussion 

3.1. Solar energy profile 

The field absorbs only a fraction of the thermal power incident on the solar collectors. This is due 

to optical losses caused by mutual shading of collectors, row end losses, and solar field geometrical 

inaccuracies. Figure 2 depicts the cumulative solar thermal energy at the plant's location over the course 

of a typical year. The months in horizontal axis against solar radiation incident measured in megawatt 

(MW) in the vertical axis In Figure 2, ꬲ + 06 as generated by the System Advisor Model (SAM) software 

signifies mega unit (M). Hence, 4ꬲ + 06 = 4 * 10^6 = 4MW, 5ꬲ + 06 = 5 * 10^6 = 5MW, 6ꬲ + 06 = 6 * 

10^6 = 6MW, 7ꬲ + 06 = 7 * 10^6 = 7MW, etc,. August had the most solar radiation incident on the solar 

field (10 MW), followed by September and July. February has the lowest incident thermal power on the 

solar field (3.98 MW). 
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Fig. 2. Monthly solar energy profile of the CSP plant  

3.2. Annual electrical energy production and techno-economic performance 

The power cycle gross electrical output of the hypothetical power plant is 88.3GWh, with an 

annual net electrical energy production of around 78GWh. Figure 3 depicts the profile of the power 

plant's net electrical power output on typical Hour of Day (24hrs) in the horizontal axis in each month. 

The plant was designed to begin producing electrical energy when the solar field produced 25% of the 

nominal thermal energy required. The coldest months in Effurun are January, February, October, and 

December. They are also the times when the days are shorter. During these months, the power plant 

generates power for a total of 13 hours, with 6 hours at maximum capacity for the day (about 18.6 MW). 

In June, July, and August, the plant usually starts earlier and runs at full capacity for 9 hours. The months 

of August, June, and July have the highest annual power output. 

The plant's capacity factor is 35.4%, implying that the parabolic trough power plant could 

contribute significantly to meeting Effurun-electricity Warri's demands. The plant would require a total 

land area of 1,140 m2, which should not be a problem given the city's abundance of inhabited land. The 

plant consumes 19.2 MWe of parasitic power per year. The plant's solar field energy absorption 

efficiency is 56.2%. Furthermore, a levelized cost of electricity of 11.87 ₵/kWh was obtained for the 

power plant, which is 99% higher than the cost of electricity available in this part of Nigeria (0.10 

₵/kWh), however, this depreciates as plant’s aged without optimizing plant’s design parameters. 

Furthermore, a negative NPV of $-13.2 M was obtained for the proposed project, implying that the 

investment cost would not be completely offset over the lifetime of the system, resulting in losses to 

investors. Figure 4 depicts the CSP plant's detailed techno-economic performance metrics. Furthermore, 

the plant's annual production has been observed to depreciate as it ages, and the trends of energy 

production and project cash flow for the 25-year plant life assumed in this study are depicted in Fig. 5. 



IJESG
e-ISSN 2636-7904 

International Journal of Energy and Smart Grid 
Vol 8, Number 1, 2023 

Doi: 10.55088/ijesg.1234523 

 

 7 

 

Fig. 3.  Monthly electrical energy produced by the power plant 

 

 

Fig. 4.  Techno-economic performance metrics of the parabolic trough CSP plant 
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Fig. 5. Annual energy production and project cash flow over the plant life 

Figure 5 show cased yearly Annual Energy Production in kWh and Project After - Cash Flow in 

dollar. It can be deduced from the above figure that energy production decreases as year increases and 

that Tax Cash Flow turns negative immediately after tenth year. This is because the plant’s design 

parameters (Concentrated Solar Power CSP, Parabolic Trough Collectors PTC, Regional Climate 

Change, etc.) were not altered or optimized over these years which possibly have the capacity to retard 

energy production rate. The designed model competes favorably with other major parabolic trough 

power plants around the world. The SEGS solar plants in California's Mojave deserts, which cover a 

total land area of 1600 acres, have a combined rated power of 361 MW and a capacity factor of 21%. 

The Khata solar spark in South Africa covers an area of 1977 acres and has a rated net capacity of 100 

MW with a capacity factor of 44.5 %. The Andasol solar power plant has a rated output of 150 MW, a 

capacity factor of 37.7 %, and a land area of 1500 acres. 

Table 3. Comparative techno-economic performance results with some reviewed literatures 

Author (s) Year Work Method(s) Material(s) Results 

Praveen et al 2022 Optimization of 

a 100 MW PTC 

plant 

Fuzzy non-

linear model 

Parabolic Trough 

Collectors (PTC) 

Significant 

improve in 

Capacity Factor 

and Cost 

Polo et al 2016 Feasibility of a 

Long-Term 

operation of a 

CSP power 

plant in Saudi 

Arabia 

System 

Advisor 

Model (SAM) 

software 

Concentrated Solar 

Power (CSP) 

25 GW 

Serradj et al 2021 Viability of a 

100MW PTC 

power plant in 

Tamanrasset, 

Algeria 

HOMER and 

System 

Advisor 

Model (SAM) 

software 

Parabolic Trough 

Collectors (PTC) 

78 % in winter 

and 60 % in 

summer energy 

required 

Alotaibi et al 2021 Design and 

analysis of a 

100 MW PTC 

power plant in 

Riyadh, Saudi A 

rabia 

System 

Advisor 

Model (SAM) 

software 

Parabolic Trough 

Collectors (PTC) 

45% capacity 

factor achievable 
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Table 3 Continued 

Author (s) Year Work Method(s) Material(s) Results 

Sharma et al 2016 Effect of a 

direct normal 

irradiation 

(DNI), solar 

multiple and 

capacity storage 

on LUEC 

System 

Advisor 

Model (SAM) 

software 

Parabolic Trough 

Collectors (PTC) and 

Linear Fresnel 

Collector (LFC) 

Range of lower 

compared to CSP 

Trabelsi et al 2016 Feasibility of a 

50 MW PTC 

plant in 

southern region, 

Tunisia 

System 

Advisor 

Model (SAM) 

software 

Parabolic Trough 

Collectors (PTC) 

Dry cooling 

scheme 

determines viable 

system in Tunisia 

of LCOE  of 

about 18₵$ /kWh 

Pareen et al 2018 Feasibility of 

CSP power 

plant in Middle 

East 

System 

Advisor 

Model (SAM) 

software 

Concentrated Solar 

Power (CSP) 

Feasibility of 

CSP power plant 

in Middle East 

John Akpaduado, 

Joseph Oyekale 

 

2021 Feasibility  Of 

A Large-Scale 

Ptc Thermal 

Power Plant In 

Effurun-

Warri, Nigeria 

System 

Advisor 

Model (Sam) 

Software 

Ptc Power Plant, 

Hours Per Day 

Consideration 

78 Gwh Net 

Electricity 

Energy, 35.4 % 

Capacity 

Factor, 11.87₵ 

/Kwh, And 0.10 

₵ /Kwh 

  

4.  Conclusions           

This study evaluated the techno-economic viability of a 25 MW parabolic trough solar thermal 

power plant for electricity generation in Effurun-Warri, Nigeria. For the evaluation, the technical and 

financial models built into the System Advisor Model (SAM) software were used. The city's 

meteorological data were also generated by SAM and confirmed by the National Solar Radiation 

Database (NSRDB). The following are the main study highlights: 

• The plant's annual net electrical energy production was estimated to be around 78 GWh; 

• The parabolic trough solar power plant can operate for more than 12 hours per day, resulting 

in a capacity factor of 35.4 %; 

• The power plant's LCOE was 11.87 ₵/kWh, compared to the current cost of energy in Nigeria 

is 0.10 ₵/kWh, with a negative NPV, indicating an unprofitable investment. 

It is recommended that the plant's design parameters be optimized using comparative analysis, 

and that further feasibility studies of CSP projects in Nigeria be conducted taking into account the 

country's various climatic regions. 
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