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ABSTRACT 
 

The rapid increase in urbanization is a feature common to every developing city and it comes with 

its pecks one of which is an increase in the demand for basic amenities like water, road, and electricity. 

In the Federal capital territory FCT, in recent times, has witnessed a large number of people coming in 

from different parts of Nigeria which has resulted in the increased demand for electricity supply. The 

national grid supply will not be sustainable in the end, as has been seen in the regular collapse of the 

national grid thus; the focus must shift towards other sustainable means of electricity like solar power 

plants, wind energy sources, nuclear power plants, etc. A Photovoltaic (PV) solar system is an electric 

power supply source that converts solar energy from the sun to electric energy. Majorly, the efficiency 

of the solar system depends on the solar radiation received by the surface, which means special 

consideration must be given to the site where the plants will be located. In this paper, we focused on 

selecting the suitable sites for locating PV solar power plants in the FCT, Abuja, herein, we considered 

nine salient criteria which are: global horizontal irradiance, annual average temperature, distance from 

roads, distance from rivers, distance from powerlines, aspect, slope, and elevation. The analytical 

hierarchy process was used to reduce error in the decision-making process of the selected criteria by 

assigning weights to all the nine criteria according to five experts' opinions while the GIS software was 

used to prepare the map. The result revealed that about 6% of the total area in the northeastern region of 
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the FCT, equivalent to over 45 000 hectares of land is very suitable for the installation of PV solar power 

plants. 

 

Keywords: Suitability mapping, GIS, AHP, Photovoltaic Solar plants, sustainable development 

 

 

 

1.  INTRODUCTION 

 

Due to the contribution of fossil fuels to some global issues such as environmental 

degradation and global warming, renewable energy sources represent a viable alternative to 

meet the increasing demand for energy in the future (Colak et al., 2020) and attaining 

sustainable development (Kalaiselvan and Purushothaman, 2016). In this respect, solar energy 

is one of the clean, free, and abundant sources of energy that could meet the growing demand 

for electric power in many countries (Doljak and Stanojevic, 2017). Solar Photovoltaic (PV) 

became one of the more reliable, efficient, and fastest-growing technologies for electricity 

generation worldwide (Garni et al., 2017a; Mierzwiak and Calka, 2017; Watson and Hudson, 

2015).  

Fossil fuels are becoming increasingly expensive and elusive, and limited access to fossil 

fuels, in the end, will lead to high prices. Therefore, in recent years, many countries have 

formulated policies aiming at reducing their energy costs and reliance on fossil fuels. With 

increasing awareness regarding the risks of climate change, many countries have undertaken 

strategies for a transition to low-carbon economies. This has led to a focus on the use of 

renewable energy sources, as they are generally considered "clean", with a considerably lower 

impact on the environment than other energy sources [Tahri et al, 2015].  

Solar energy is an unlimited and clean renewable energy source, which is gradually 

replacing non-renewable energy sources [Lukac et al, 2013]. In recent years, many studies have 

identified suitable sites for PV power plants. A suitable site for solar installation depends not 

only on the amount of solar radiation received, but also on other technical, economic, 

environmental, and social factors—such as local topography, the need to conserve protected 

areas, environmental impact, and water availability, and urban development. Several spatial 

variables generally determine the efficiency of the solar PV energy generating system. For 

example, the electric power generated from the solar PV system is positively correlated with 

the amount of solar irradiation (Garni et al., 2017a) and the duration of sunshine. Meanwhile, 

the generated electric power reduced noticeably with increasing temperature and relative 

humidity. Usually, increasing air temperature leads to increasing PV module temperature, 

which in turn reduces the efficiency of PV systems (Yelmen and Çakir, 2016).  

All of these factors — the scope for expansion, proximity to urban areas and roads, and 

access to power grids need to be considered [Choi et al, 2011]. To address these issues, multiple-

criteria decision analysis (MCDA) has been widely used, in conjunction with geographic 

information systems (GIS), in many studies [Choi et al, 2019]. MCDA had been applied to 

energy issues such as energy planning, site selection, resource allocation, energy exploitation, 

energy policy, building energy management, and transportation energy management 

[Malczewski, 2006]. Among the various MCDA methods, the analytic hierarchy process (AHP) 

had been commonly used for evaluating site suitability for solar power plants. However, no 

study has investigated site suitability for PV systems, using GIS and the AHP, in FCT Nigeria. 
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2.  MATERIALS AND METHOD 

2. 1. Study area 

The Federal Capital Territory (FCT) shown in (Fig. 1) is the capital of Nigeria located 

between the latitude 8°30'0"N to 9°30'0"N and longitude 6°45'0"E to 7°45'0"E placing it 

approximately in the center of Nigeria and this position have been strategic to its growth. The 

seat of the Nigerian federal government was moved from Lagos to FCT in 1991 due to certain 

problems which overpopulation is one. FCT shares a border with four states; Niger, Nasarawa, 

Kogi, and Kaduna states and is divided into five area councils, namely: Gwagwalada, Abaji, 

Kwali, Kuje, Bwari, and Abuja Municipal area councils. It occupies an area of approximately 

8 000 𝐾𝑚2 and have since its creation witnessed a very large number of people trooping in 

from different part of the country owing to its strategic position and the perception of greener 

pasture in the area. An increase in population in any area will result in to increase in the demand 

for basic amenities such as water, roads electricity etcetera. The burden population has caused 

an increase in the demand for electricity supply and for over a long time, the FCT has depended 

solely on the national grid supply for fulfilling its electricity power demands. In the nearest 

future, the demands will become so high and will prompt the idea of jumping into the idea of 

an off-the-grid electricity power source like solar power.  Establishing PV solar plants on the 

most suitable site will prove lifesaving thus justifying this research work. 

 

 

Figure 1. Map showing the study area. 
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2. 2. Suitability Assessment Framework 

The establishment of a solar power plant starts by selecting the best site to fulfill this 

demand of this kind. It becomes pertinent to carry out a site suitability analysis of the entire 

area to ascertain the part of the best fit for this establishment. This paper involves the analytical 

hierarchy process together with GIS processing of spatial data to determine a PV solar plant 

suitability map. In the assessment to determine the most suitable site for the establishment of 

PV solar plants in the FCT several criteria were considered. The criteria include Global 

horizontal irradiance GHI, Annual Average Temperature, Elevation, Slope, Aspect, distance 

from roads, distance from rivers, distance from powerlines, and distance from urban areas. 

 

• Global Horizontal Irradiance 

The Global Horizontal Irradiance represents the amount of solar energy directed to and 

received by the horizontal surface of the earth. Before selecting a site for locating PV solar 

plant, determining the solar radiation is very important (Elboshy, Alwetaishi, Aly, et al., 2022) 

because understandably, an area that receives a high amount of solar radiation will output high 

electric energy for consumption as a rule of thumb. They haven’t been any generally accepted 

threshold on the amount of GHI most suitable for PV solar plant but in a similar work in 

Tanzania areas with GHI below 1700 𝑘𝑊ℎ/𝑚^2 /𝑦𝑒𝑎𝑟 were deemed unsuitable for 

establishing PV solar plants (Ahmed Aly et al., 2017; Tianyue Huang et al., 2018). The GHI 

values of this FCT are between 1973 and 1727 𝑘𝑊ℎ/𝑚^2 /𝑦𝑒𝑎𝑟. 

 

• Annual Average Temperature 

The solar panel had been identified as a core component of the PV solar power plant 

whose efficiency is highly connected to its temperature and this temperature implies the solar 

radiation and the surrounding temperature (Ehsan Noorollahi et al., 2016). Therefore, a very 

high temperature or GHI will result in a reduction in the performance of the PV solar power 

system. The annual average temperature of FCT is between the ranges 24.5 and 29.1 °C and 

areas with temperatures greater than 28 °C had been classified as not suitable. 

 

• Elevation 

The elevation interprets the height of the surfaces above sea level. As a rule of thumb, the 

point with the height elevation value will receive high solar radiation, which as a result will 

produce more electric power from the PV solar system. The elevation of FCT was extracted 

from Digital Elevation Model (DEM) imagery and the elevation of points in the FCT is between 

937 and 48 meters. The North Eastern Part of FCT depicts an area with the highest elevation. 

 

• Slope 

The slope is a very important criterion that needs to be taken care of optimally. It 

represents the steepness/flatness of the land surface. Flat areas with very low slopes are more 

suitable for sitting PV solar systems. Because the areas with great steepness will cause 

shadowing of the adjacent solar panels reducing the amount of electric energy that will be 

output. Elboshy, Alwetaishi, Aly, et al., 2022 and many other researchers had used areas with 

a slope value of  <1% as the most preferred selection, this paper adopted the same and classified 

areas with a slope >5% as unsuitable just as was considered by Tianyue Huang et al., 2018. 
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• Aspect 

Aspect just like slope shows the steepness of the surface but with an extension of showing 

the direction of the slope of the surface with the accompanying angles. Some previous research 

works have ignored aspects such as criteria stating the size of the area as the constraint except 

for Munkhbat & Choi, 2021. However, the south, southeast, and southwest direction have been 

identified as the most suitable for sitting PV solar power plants (Munkhbat, U. & Choi, Y., 

2021) other directions were considered but assigned a low rate. 

 

• Distance from Powerlines 

The distance of transmission powerlines is an important factor in siting a PV solar power 

plant. Owning to the high cost of constructing new powerlines this site must be close to 

powerlines. In addition, if the site is far away from the transmission powerlines, energy will be 

lost due to the distance therefore, to conserve more energy and save cost, the distance should 

be kept reasonable. In this research, the areas between 0 and 10 km are more suitable while the 

other distances were assigned a low rating. 

 

• Distance from Roads 

Like the distance from powerlines, the distance from major roads is a very important 

economic criterion. Siting the solar plant in areas close to major roads in the area will reduce 

the cost of transporting raw materials for construction and the workers. If the PV solar power 

plant is situated in areas where new roads will need to be constructed this will require an extra 

cost aside from the cost of constructing the solar plant. Hence, we rated distances between 0 

and 10 km as suitable. 

 

• Distance from Urban Areas 

The siting of solar plants has to consider the distance from urban areas. The urban areas 

should not be too far away from these plants as many workers who will be working in these 

plants should not stay far away from their place of engagement in case of emergencies and also, 

it should not be too close to urban areas due to the demand of large area for establishing the PV 

solar plant. In this work, urban areas within 3 to 15 km were rated as a suitable site for locating 

these plants.   

 

• Distance from Rivers 

 

Table 1. The materials used and sources. 

 

Data Data Type Unit Source 

DEM Raster Meter https://search.earthdata.nasa.gov/search 

Global 

Horizontal 

Irradiance 

Raster 𝑘𝑊ℎ. 𝑚2. 𝑦𝑒𝑎𝑟−1 
https://solargis.com/maps-and-gis-

data/download/nigeria 

https://search.earthdata.nasa.gov/search
https://solargis.com/maps-and-gis-data/download/nigeria
https://solargis.com/maps-and-gis-data/download/nigeria


World Scientific News 172 (2022) 88-104 

 

 

-93- 

Average 

Annual 

Temperature 

Raster C 
https://solargis.com/maps-and-gis-

data/download/nigeria 

Road Vector Kilometer https://www.openstreetmap.org/ 

Powerlines Vector Kilometer https://www.openstreetmap.org/ 

Urban areas Vector Kilometer https://www.openstreetmap.org/ 

Rivers Vector Kilometer https://www.openstreetmap.org/ 

 

 

The distance from rivers was also taking cognizance of owning to the fact that the solar 

plant will require a large land mass. PV solar plant located close to a water body shows a 

tendency of the existence of groundwater also, water required during the construction of PV 

solar plant can be gotten from these water bodies as well minimizing the cost of establishment. 

It is for these reasons that the distance from rivers had been considered. Table 1 below 

summarizes the collected data and the sources. 

 

2. 3. Rating of Criteria 

In this study, the selected criteria for the site selection for a PV solar plant in FCT fall 

under three classes, namely: Economics (i.e., distance from powerlines, distance from roads, 

and distance from the river); Environmental (i.e., elevation, aspect & slope); Meteorological 

(i.e., global horizontal irradiance & annual average temperature) factors. The proposed model 

for site selection of solar plants had been made possible through the integrations of 

environmental, economic, and meteorological factors. These factors depend on the 

geographical locations, the biophysical attributes, and the socio-economical infrastructure of 

the study area (Charabi and Gastli, 2011). 

All the selected criteria have been binned between certain ranges and assigned values of 

1,2,3,4 & 5 interpreted to be very high, high, moderate, low, and very low respectively. Table 

2 below shows the ranks, ranges, and the AHP weight of each criterion. 

 

Table 2. The Rating Ranges for the Selected Criteria. 

 

Criteria 

Ranks 

Very 

High 

(1) 

High 

(2) 

Moderate 

(3) 

Low 

(4) 

Very Low 

(5) 

Weight 

(%) 

Global 

Horizontal 

Irradiance 

(GHI) 

1961 - 

1910 

1910 - 

1868 
1868 - 1830 

1830 - 

1801 

1801 – 

1726.536987 
30.52 

https://solargis.com/maps-and-gis-data/download/nigeria
https://solargis.com/maps-and-gis-data/download/nigeria
https://www.openstreetmap.org/
https://www.openstreetmap.org/
https://www.openstreetmap.org/
https://www.openstreetmap.org/
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Annual 

Average 

Temperature 

(°C) 

24.5 – 

25.7 

25.7 – 

26.6 
26.6 – 27.4 

27.4 – 

28.2 
28.2 – 29.1 19.92 

Elevation 

(m) 
937 - 602 602 - 448 448 - 312 312 - 200 200 - 48 12.78 

Slope (%) <1 1-2 2 - 3 3 - 4 >4 9.2 

Aspect S SW & SE W & E 
NW & 

NE 
N 8.74 

Distance 

from 

Powerlines 

(Km) 

0 - 5 5 - 10 10 – 15 15 - 20 >20 5.28 

Distance 

from Rivers 

(Km) 

0 - 5 5 - 10 10 - 20 20 – 30 >30 5.06 

Distance 

from Major 

Roads (Km) 

0 - 5 5 - 10 10 - 20 20 – 30 >30 4.72 

Distance 

from Urban 

Areas (Km) 

3 - 10 10 - 15 15 – 20 20 - 30 >30 3.78 

 

 

2. 4. Multi-Criteria Decision Making using Analytical Hierarchy Process (AHP) 

The evaluation criteria selected for this study were based on the objectives of the research, 

geospatial interpolation, and environmental factors. The weights for all the selected criteria 

were calculated with the analytical hierarchy process (AHP) which translates the strength of 

each criterion according to expert opinion. In this study we prepared questionnaires, five experts 

in the field of solar power energy filled them out these experts, and Microsoft Excel 

functionality was employed to design the pairwise matrices and the final weight calculation of 

all the nine criteria. 

The aim of a multi-criteria decision method (MCDM) is to investigate several alternatives 

in the light of multiple criteria and conflicting objectives (Sánchez-Lozano et al., 2013). AHP 

is a well-known MCDM method invented by Saaty in the 1970s as a decision-making tool to 

resolve instructed problems (Saaty, 1980). AHP is a powerful MCDM approach tool for dealing 

with problems, which has to do with a high degree of flexibility and reliability.  

According to Ma J, et al., (2005), for n number of criteria the following summarizes the 

AHP procedure of determining the weights which we have adopted in this paper: 

i) To create (n × n) pairwise comparison matrix for multiple factors, let Pij = extent to 

which factor i is preferred to factor j.  

Then assume Pij = 1/ Pij  
 

ii) A normalized pairwise comparison matrix is found. For this;  

• Compute the sum of each column. 
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• Divide each entry in the matrix by its column sum. 

• Average across rows to get the relative weights.  
 

iii) Finally, to ensure the consistency of the pairwise comparison matrix, the consistency 

judgment must be checked for the appropriate value of n by CR using equations 1 and 2.  

 

𝐶𝐼 =  
𝜆max − 𝑛

𝑛−1
                (1) 

 

𝐶𝑅 =  
𝐶𝐼

𝑅𝐼
                 (2) 

 

where:  

n = number of criteria; 

𝜆𝑚𝑎𝑥 = largest eigen value 

CR = consistency ratio; 

CI = consistency index; 

RI = random consistency index which can be gotten from Table 3 below. 

 

Table 3. Values of random consistency index  

 

Number 

of 

criteria 

1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.8 1.12 1.24 1.32 1.41 1.45 1.49 

(Elboshy, Alwetaishi, et al., 2022) 

 

 

If CR is < 0.10, the degree of consistency is satisfactory; otherwise, there are significant 

discrepancies. AHP might not produce significant outcomes in the latter scenario. In this work, 

weights were calculated for all the criteria by AHP and were summarized in Table 1. Nine (9) 

criteria were used in the computation process. The CR values of all comparisons were lower 

than 0.10, which indicates that there is consistency in the two-way comparison.  

 

2. 5. Site Suitability Mapping Index 

FCT PV solar power suitability map was developed by reclassifying the output of the site 

suitability mapping index which was calculated using equation 3. 

 

PV Suitability map index = ∑ 𝑤𝑖
𝑛
𝑖=1 ∗  𝑟𝑖       (3) 

 

where:  

w = weight assigned from AHP;  

r = rank of criteria drawn from Table 2. 
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2. 6. GIS Geoprocessing Technique for The Land Suitability Mapping 

 

 
 

Figure 2(a). Aspect map of FCT. 

 

 

 
 

Figure 2(b). Elevation Map of FCT. 
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Figure 2(c). GHI map of FCT. 

 

 

 
 

Figure 2(d). Powerline map of FCT. 
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Figure 2(e). Rivers in FCT. 

 

 

 
 

Figure 2(f). Major roads in FCT. 
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Figure 2(g). Slope map of FCT. 

 

 

 
 

Figure 2(h). Urban area map of FCT. 
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Figure 2(i). Annual Temperature map of FCT. 

 

 

To produce the PV solar plants suitability map, spatial data were collected as summarized 

in table 1 and were processed using ArcGIS desktop 10.7.1 and ArcGIS pro 1.2 software. All 

the data were prepared in raster format. Some of the tools employed for this research work 

include the Euclidean distance, clip, reclassify, and raster calculator. The combination of the 

tools yielded the results in Fig. 2(a-i) and the suitability map in Fig. 3.  

Fig. 2(a) shows a reclassified aspect map of FCT which was created from the rating in 

Table 2 and the reclassify tool. The southern aspect was rated very highly suitable while the 

aspect in the north is rated very low. Areas with an elevation greater than 602m are rated very 

high while areas with elevation lower than 200m are unsuitable for siting PV solar plants as 

shown in Fig. 2(b). The reclassified map of the global horizontal irradiance is shown in Fig. 

2(c). Areas in FCT with GHI greater than 1910 𝑘𝑊ℎ. 𝑚2. 𝑦𝑒𝑎𝑟−1 are highly suitable for the 

location of the solar plants but ones below 1801 𝑘𝑊ℎ. 𝑚2. 𝑦𝑒𝑎𝑟−1 are rated unsuitable. The 

places with a distance less than 5 km to any powerline are considered suitable areas while areas 

20 km from the powerline are considered otherwise as shown in Fig. 2(d). The distance from 

rivers and distance from major roads have identical ratings shown in Table 2 and Fig. 2(e) and 

2(f). The distance less than 5 km for these criteria is seen as very suitable whereas areas greater 

than 30 km are very unsuitable. Fig. 2(g) is the slope map of FCT being subjected to the rating 

criteria using the reclassify tool on ArcGIS. Areas with a slope of less than 1% are the most 

suitable areas for sitting PV solar plants while places with a slope higher than 4% are unsuitable 

for locating these plants. The proximity of urban areas to this site was also reclassified to the 

conditions in Table 2. As shown in Fig. 2(h), the suitable areas for locating these plants are 

places between 3 to 10 km from urban areas while areas at distance greater than 30 km are rated 
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very low on suitability. Fig, 2(i) shows the annual average temperature of the study area. Places 

with an annual average temperature between 24 and 25 °C are rated very high while areas with 

values greater than 28 °C are unsuitable locations. 

 

 

3.  RESULT AND DISCUSSIONS 

 

The final suitability map is shown in Fig. 3. From the map, it can be seen that the good 

areas for locating PV solar plants are in the northeastern part of the FCT which equates to most 

of the Bwari area council. This is largely due to high solar radiation, low annual average 

temperature, and high elevation. The map has been divided into four levels of suitability and 

this is to avoid the loss of some fairly suitable sites if the map has been classified into just two 

orders of priority i.e., good and bad suitability levels. The suitability map also shows some other 

distributed areas that are also suitable for locating the solar plants, areas like Abuja municipal 

and part of Kuje area councils fall in this place. However, areas classified as good should be 

the first to be considered when establishing the PV solar power plant in FCT.  

 

 
 

Figure 3. Site Suitability Map for PV Solar Plant in FCT. 

 

 

Table 4 shows the area occupied by the four levels of the suitability of PV solar plant in 

FCT. The result revealed that 6%, 23.12%, 49.02%, and 21.86% of land in the FCT is positioned 
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to be good, fair, poor, and bad, respectively for locating PV solar power plants. The most 

suitable area accrues approximately 45,112.1 hectares consideration for establishing off-grid 

PV solar plants in the FCT. The establishment of these plants will reduce the loads on the 

national grid and consequently improve the supply of electricity in the FCT. In addition, 

developing these solar plants will increase the amount of electricity transmitted to the people 

leaving in the FCT. Furthermore, it will improve the health of the planet as global warming 

caused by non-renewable energy sources has caused a surge in climate change, which this 

initiative will try to curb. Establishing the PV solar plants will also serve as an avenue to employ 

people from construction workers down to the management team of these plants thereby 

reducing the unemployment level in the FCT. 

 

Table 4. The Area coverage of suitability level. 

 

Level of Suitability Area (Ha) Percentage of Area (%) 

Good 45112.057457 6.00 

Fair 173747.295475 23.12 

Poor 368297.041173 49.02 

Bad 164221.198762 21.86 

 

 

4.  CONCLUSION 

 

The transition from fossil fuel to renewable energy is one of the effective ways that the 

majority of the countries were working towards meeting the Paris agreement to mitigate the 

effects of climate change by limiting global warming to well below 2 °C and pursuing efforts 

to limit to 1.5 °C. Electricity is essential for economic growth, national development, improved 

standard of living, and meeting the sustainable development goals (SDGs). Renewable energy 

resources are energy resources that are non-depletable on consumption and suitable for driving 

sustainable development. Only approximately 40% of Nigeria's 140 million citizens have 

access to the national grid's supply, and the majority of rural residents remain underserved. 

In this study, the suitability of the lands of FCT Abuja in Nigeria has been studied 

regarding the economic, environmental, and Meteorological factors. The results showed that 

the Bwari area council, which is located in the Northeastern part of FCT, has a great potential 

to generate solar electricity via photovoltaic arrays. Based on the results, the Bwari area council 

showed a great affinity for the location of PV solar plants due to high solar radiation, low annual 

average temperature, and high elevation. The suitability map also shows some other distributed 

areas that are also suitable for locating the solar plants, areas such as Abuja municipal area 

council and part of Kuje area council. Based on the suitability map from this work, the area 

classified as good should be given preference over the other areas when establishing the PV 

solar power plant in FCT Abuja, Nigeria. Finally, this initiative will help to reduce the load on 

the national grid. 
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