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Abstract: We demonstrate the application of geomatics tools (remote sensing and geographic infor-

mation systems) for spatial data analysis to determine potential locations for wind and solar photo-

voltaic (PV) energy plants in the Central North region of Namibia. In accordance with sustainable 

development goal 7 (affordable and clean energy) and goal 13 (climate action), the Namibian gov-

ernment has committed to reducing reliance on fossil fuels. In support of this, suitable locations for 

renewable energy plants need to be identified. Using multi-criteria decision-making and the analyt-

ical hierarchy process, sites were selected considering topographical, economic, climatic, and envi-

ronmental factors. It was found that the highest potential for solar PV energy plants is in the north-

west, southwest, and southern regions of the study area, whereas only the northwest region is 

highly suitable for wind power plants. These results were substantiated by comparison with global 

suitability maps, with some differences due to the datasets used. The findings can be used as a guide 

by governments, commercial investors, and other stakeholders to determine prospective sites for 

the development of renewable energy in Central North Namibia. 
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1. Introduction 

Conventional fossil fuels are noted to contribute to an increase in serious environ-

mental and atmospheric impacts. Furthermore, energy demand is constantly escalating 

because of rapid human population growth, urbanisation, and industrial development 

[1]. These concerns have given rise to the establishment of the 17 Sustainable Develop-

ment Goals (SDGs—see https://sdgs.un.org/, accessed on 22 December 2022). Goal 7 calls 

for access to reliable, affordable and sustainable energy for all, while goal 13 calls for ur-

gent action to combat climate change and its impacts. The International Energy Agency 

observes that the African continent, especially Sub-Saharan Africa, has the biggest popu-

lation with no access to electricity [2]. Namibia falls into this group and its energy demand 

is increasing. Namibia’s economic growth, combined with a greater emphasis on indus-

trialisation and a large-scale rural electrification program to bring electricity to remote 

areas, has led to a substantial rise in energy demand. 

Hence, Namibia has turned to integrated renewable energy sources (RESs) to sup-

plement the current generation capacity of primary energy resources. RESs are now 

widely regarded as capable of meeting a significant portion of the world’s rising energy 

demand, ensuring a continuous energy supply, and reducing the negative impacts of fos-

sil fuels [1,3,4]. Sources of renewable energy include geothermal, hydro, solar, wind, and 

tide. These are natural, free, replenishable, and widely available at various locations 

around the world. Namibia has the potential to tap into all the above RESs except geo-

thermal. Although a variety of RESs exist, the most promising, rapidly expanding, and 

mature technologies are solar and wind energy [5]. The Global Status Energy [6] reports 

Citation: Kamati, K.; Smit, J.; Hull, S. 

Multicriteria Decision Method for 

Siting Wind and Solar Power Plants 

in Central North Namibia. Geomatics 

2023, 3, 47–68. https://doi.org/ 

10.3390/geomatics3010002 

Academic Editors: Dionissios  

Kalivas, Konstantinos X. Soulis and 

Emmanouil Psomiadis 

Received: 14 November 2022 

Revised: 20 December 2022 

Accepted: 23 December 2022 

Published: 29 December 2022 

 

Copyright: © 2022 by the authors. Li-

censee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/). 



Geomatics 2023, 3, 2 48 
 

 

that globally in 2018, solar energy accounted for 55% of the new renewable capacity, while 

wind energy accounted for 28% and hydro energy accounted for only 11%. 

Namibia imports half of its electricity through the Southern Africa Power Pool’s long 

term bilateral agreement and short-term trade markets to ensure that electricity demand 

is always met [7]. Namibia’s National Energy Policy of 2017 [8] states that in 2014 the 

country imported 73% of its total energy need. Namibia imported 71% of its energy from 

June 2018 to July 2019 [9], exposing the country to import dependency risks and highlight-

ing the need to turn to RESs. 

Namibia is fortunate to have an abundance of wind and solar power that may be 

utilised to minimise the country’s dependence on coal-fired energy plants, reducing for-

eign dependence, increasing energy security, improving quality of urban and rural living, 

creating job opportunities, while also reducing emissions of greenhouse gases. These 

goals all align with SDGs 7 and 13, indicators 7.1.2 (proportion of the population with 

primary reliance on clean fuels and technology), 7.2.1 (renewable energy share in the total 

final energy consumption), 7.b.1 (installed renewable energy-generating capacity in de-

veloping countries), and 13.2.2 (total greenhouse gas emissions per year). Achieving en-

ergy sustainability in Namibia would require investment in RESs such as wind and solar 

energy. Namibia has enacted an energy policy [8] (in line with indicator 13.2.1) with the 

aim to increase energy security, and enable access to modern, environmentally clean, sus-

tainable, and affordable energy services for all Namibian inhabitants (in line with target 

7.1). Clean energy is envisaged to be a key part of Namibia’s innovative future energy 

policy. The development of renewable energy is a critical part of the transition away from 

fossil fuels and reversal of the consequences of climate change. As part of the process, one 

of the most difficult tasks is to select suitable locations for the RES power plants. 

The Kunene area of Central North Namibia has substantial sun irradiation and wind 

resources [10]. However, the decision-making regarding the installation of wind and solar 

photovoltaic (PV) power plants at a particular site is not determined only by the quality 

of the wind and sunlight available. There are many other factors to be considered, such as 

topography, economics, regulations, and environmental concerns [5,11]. Hence, the deter-

mination of suitable sites for these RESs requires accurate planning and detailed infor-

mation. A variety of factors and reliable sources of information must be reviewed to iden-

tify geographical relationships, cost-benefits, suitability, and implications. In this regard, 

an integrated geographic information system (GIS) and multi-criteria decision making 

(MCDM) technique has been found to be an effective and powerful decision support tool 

for addressing complex problems relating to solar PV and wind power plant site selection 

[1,3,4,11,12]. 

GIS is a computer system designed to collect, store, manage, visualise, and analyse 

geospatial data, that is, information tied to specific geographical areas on the surface of 

the Earth. The application of GIS incorporates a comprehensive set of tools, people, pro-

cedures, and data that can assist with strategic planning and location selection for the 

intended purpose. MCDM is a structured framework that is essential for analysing and 

supporting decisions concerning problems characterised by complex multiple objectives 

and criteria. An example of MCDM is the analytical hierarchy process (AHP) approach 

[13]. With AHP, several factors are assessed simultaneously and compared based upon 

priorities, constraints, and the preference of decision-makers to find the most suitable op-

tion [5,11]. In many parts of the world, these approaches have been widely used for se-

lecting suitable sites for wind and solar PV power plants, as briefly described below. 

There are numerous studies that combine GIS and AHP technique for site selection 

of solar PV and wind power plants. For example, an AHP-based GIS application was used 

to establish the ideal areas for solar PV power plants in Turkey, Malatya province [1]. A 

map depicting the optimal locations for solar energy plants developments was created. 

Finally, PV power plants that are already in operation were compared to the results. A 

similar study was carried out in the Igdir region of Turkey, where GIS and AHP were 

employed to determine potential locations for wind and solar farms [14]. The study found 
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524.5 km2 of land to be suitable for solar power plants and 147.2 km2 for wind turbines. 

Using GIS and AHP in Tehran (Iran), Sadeghi and Karimi [15] identified potential loca-

tions for wind turbines and solar farms to establish a distributed network and increase the 

reliability of power grids. Xu et al. [16] used GIS and MCDM to identify suitable locations 

for wind power plants in Wafangdian, China. Al Garni and Awasthi [17] identified po-

tential locations for solar PV power plants in Saudi Arabia by applying GIS and MCDM 

approach and excluded the unsuitable areas while considering the environmental conse-

quences. Their study found that highly potential areas are situated in the north and north-

west of the country. Ligus and Peternek [18] suggested a model based on the integrated 

GIS-based AHP technique for determining the most appropriate RES technology devel-

opment in Poland. Their results align with a similar study conducted by Sun et al. [19]. 

Aly et al. [20] examined the spatial suitability for large-scale solar power installations us-

ing GIS and MCDM techniques in Tanzania. As part of their study, six exclusion criteria 

were identified to mask unsuitable areas. After identifying the criteria, the AHP method 

was used to determine their weights. Their analysis concluded that 20 801 km2 was desig-

nated as most suitable and 78 133 km2 was designated as moderately suitable. 

Hence, from the foregoing, there is precedent for using MCDM and AHP to deter-

mine suitable locations for both solar and wind energy production plants. In this paper, 

we draw from these experiences and apply the technique to the Central North region of 

Namibia. The aim of the study was to determine suitable locations for wind and solar PV 

plants in Central North Namibia. The following objectives were established to achieve the 

study aim: 

• To find out which factors and criteria influence the suitability of a solar PV and wind 

power plant’s site. 

• To establish socio-economic and environmental constraints on the location of renew-

able energy production plants. 

• To establish suitable sites for wind and solar power plants within Central North Na-

mibia using GIS-based AHP technique, taking the previous objectives into consider-

ation. 

2. Materials and Methods 

Figure 1 depicts the methodology used in the study. The elements of the figure are 

explained in the following sub-sections. 



Geomatics 2023, 3, 2 50 
 

 

 

Figure 1. The methodological framework of the solar PV and wind turbine site selection. 

2.1. Study Area 

Central North Namibia is an area of about 120,000 km2, covering Otjozondjupa region 

and Kunene region and incorporating the Omaheke region (see Figure 2). It is characterised 

by highly mountainous areas and significant summer drought. Approximately 80% of the 

study area is covered by vegetation, mainly shrubland. Rainfall in the study region has his-

torically been extremely variable. Normally, rain falls from October to March, sometimes 

extending into April and early May [21]. The study area is characterised by high tempera-

ture. The average minimum annual temperature is 11.0 °C, while the average maximum 

annual temperature is 24.0 °C [21]. Steeper slope and rough terrain are in the south-western 

and western regions of the study area while flat areas can be found all over the study area. 
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Figure 2. Central North region of Namibia—the study area. 

2.2. Identification of Criteria 

At the outset, it is necessary to identify and define criteria that impact the site selec-

tion for wind and solar PV energy plant development based on previous research. The 

criteria below were derived from literature reviews. Google Scholar, Science Direct, and 

relevant online policy documentation were searched using keywords related to renewable 

energy, with emphasis on solar and wind energy site selection criteria. The criteria were 

thoroughly examined for their characteristics, benefits, and implications for wind and so-

lar PV energy plant development. The detailed explanations of the thirteen considered 

criteria are given below. 

1. Average Wind Speed 

For wind energy development, average wind speed is the most significant technical 

indicator, because average wind speed determines the best location for wind turbine in-

stallation [22]. A high average wind speed would indicate that wind resources are abun-

dant and beneficial to increase power production. Wind speed increases with height, and 

since the turbine is mounted on the tower, the taller the tower, the more power is pro-

duced [23]. Even though wind availability is not the only factor contributing to the loca-

tion of wind farms, it is the most significant criterion [16,24] and has been given the most 

weight in prior studies. 

2. Distance to Protected Areas 

According to the Environmental Management Act of 2007 of Namibia [25], solar PV 

and wind farms should be developed away from environmental protected areas such as 

national parks or inhabited areas as well as areas of historical importance. An appropriate 

buffer distance of 500 m needs to be maintained to protect environmentally sensitive areas 

[15,26]. The buffer is relevant because the construction of solar PV and wind farm power 

plants may possibly lead to unfavourable effects on threatened species. 

3. Distance to Agricultural and Forestry Areas 

The Namibian government has established policies to protect agricultural lands and 

forestry areas [27]. The goal is to increase farm incomes as well as food security on a 
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national and household level by maintaining or increasing agricultural productivity. For 

this reason, agricultural land and forestry areas were excluded regardless of their other 

characteristics. As an additional constraint, a 100 m buffer zone around agricultural land 

and forestry areas was used to distance potential areas from restricted areas [28]. 

4. Distance to Waterbodies 

To avoid any undesirable consequences of water overflow during rainy periods, RES 

plants should not be installed close to waterbodies [1,4,15]. In the present study, a buffer 

of 500 m was used as per Noorollahi et al. [4] and Sadeghi et al. [15]. 

5. Distance to Transportation 

Roads are yet another important criterion to be considered while selecting potential 

locations for construction. The proximity of solar PV energy facilities to transport routes 

is regarded as an economic aspect [15,29]. The distance from the possible solar PV and 

wind power plant sites to roads should be minimised to lower the costs. Roads are needed 

for access to the site, transportation of material, and regular monitoring and maintenance 

of the RES energy plants. According to Uyan [26] and Sadeghi and Karimi [15], solar pan-

els are best located more than 100 m from roadways to minimise the amount of non-nat-

ural dust that may be exposed to the PV modules, and to allow for possible future road 

expansion through the addition of carriageways and lanes on the road. 

6. Distance to Existing Power Lines 

Installing wind and solar PV energy plants close to the existing electrical network is 

cost-effective. This would aid in avoiding voltage drops, reducing energy loss due to the 

long distance travelled by generated energy, and lowering infrastructure costs such as the 

construction of a new power line [1,4]. The solar PV must be at least a few meters away 

from the edge of the power line servitude clearance, which ranges from 22 to 80 m de-

pending on the voltage level of the power line. A safe distance between the electrical line 

and any other system should also be observed for safety operating purposes. Therefore, 

in the present study, areas less than 100 m from the power lines were considered as not 

suitable for solar PV plants, in accordance with the Electricity Act 4 of 2007 [30]. 

According to the North Rhine-Westphalia wind energy enactment [31], a minimum 

distance of one rotor diameter must be maintained between the rotor blade tip and the 

overhead power line. The rotor blade diameter of the reference wind turbine is 101 m. As 

a result, areas closer than 100 m to the electrical network are designated as restricted. 

However, per [15,32,33], wind development should be kept at least 250 m away from the 

electrical grid. 

7. Distance to Urban Areas 

Economically, installing solar PV power plants and wind farms close to the consumer 

is advantageous. Nevertheless, considering future expansion and development, it is nec-

essary to specify a buffer distance from residential areas [1,15,26,34]. The location of a 

solar PV energy facility should be 500 m away from metropolitan areas [1,15,26]. The es-

tablishment of solar PV facilities near metropolitan areas may have a negative impact on 

population growth rates and dispersion. Wind farm societal effects, such as noise, visual 

intrusion, and aesthetics, are frequently cited as important constraints for wind develop-

ment projects. In the current study, an 800 m buffer zone was used as recommended by 

CNdV Africa Planning and Design [33]. 

8. Distance to Airfield 

As wind turbines are at such a height that they can affect airborne navigation, air-

ports are among the most important factors to consider when identifying the optimal sites 

for wind energy plants. The aim is to address safety concerns [35], because wind turbines 

generate electromagnetic signals that can interfere with the surveillance radar signals 

used to control traffic at an airport [36]. Therefore, the wind farm locations should be 

25,000 m away from primary airports with radar, 15,000 m from military airports, and at 

least 2500 m from local airports [32,33,37]. 
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9. Important Bird Areas 

Although wind power is generally thought to be environmentally favourable, its de-

velopment has been linked to fatal bird and bat collisions with turbine blades. Birds have 

been recorded among the most common casualties of wind turbine accidents around the 

world [38]. In the United States, the Fish and Wildlife Service estimates that wind turbine 

blades kill between 140,000 and 500,000 birds each year [39]. Birdlife International has 

identified important bird areas (IBA) to recognise and protect birds. Previous studies dis-

covered that wind energy plants located in unfavourable geographic areas might pose 

negative effects on birds and bats, such as the possibility of habitat destruction and rise in 

mortality rate [24,40]. Wind energy plants should, therefore, be positioned outside IBA 

and bat areas to ensure their preservation, lessen bird collisions, and decrease noise im-

pacting fauna. As a result, the bird and bat habitats and their migration routes are ineligi-

ble for installation of large wind power facilities. 

For this study, a 1000 m buffer zone from IBA-identified areas was considered as a 

constraint for wind energy development as suggested by previous studies [33,41]. Due to 

lack of a bird migratory route dataset and a bat area dataset, only IBA datasets were used 

in this study. 

10. Average Solar Irradiation 

Solar PV panels require at least 1300 kWh/m2/yr global solar irradiation (GHI) which 

is equivalent to 3.5 kWh/m2/day for cost-effective operation [42]. The amount of solar ra-

diation that a site receives heavily influences its suitability for solar PV installation, there-

fore, solar irradiance and energy production are positively correlated [17,34,43]. For in-

vestors, it is preferable to build a solar PV energy plant in an area with a high potential 

for solar irradiance [14]. The inconsistency and variability of GHI, on the other hand, is 

one of the challenges in installing solar PV energy plants. In line with previous study find-

ings—see, e.g., [1,2], regions with GHI below 1300 kWh/m2/yr were considered as unsuit-

able for this study. 

11. Average Air Temperature 

Air temperature is one of the main factors that should be considered for solar PV sites 

because the temperature of solar cells has a substantial effect on their performance. As the 

ambient temperature rises, solar module temperature increases, and the current output of 

the module increases exponentially while the voltage output decreases linearly. Therefore, 

high air temperatures have an adverse effect on the efficiency of solar module systems 

[44–46]. The optimal air temperature of solar PV cells ranges between 15 °C and 40 °C. 

When the cell’s temperature is 25 °C, the PV system produces at maximum efficiency, and 

when the temperature is raised above 25 °C the voltage output drops [45,47]. Solar PV 

cells produce more power on cold, sunny days and can outperform values obtained dur-

ing the standard testing at 25 °C [48]. Therefore, in this study, areas with average temper-

atures less than 20 °C were considered as highly suitable. 

12. Aspect 

Aspect describes slope orientation, which is measured in degrees (0° to 359.9°) clock-

wise from north. Aspect is crucial since it determines a specific area’s solar potential. It 

determines how solar-efficient an area is due to its ability to reflect sunlight. In the south-

ern hemisphere, the slopes facing north receive the most solar radiation, whereas slopes 

facing south receive the least solar radiation [13]. Therefore, for Namibia, surfaces facing 

the geographic north were prioritised. Throughout the year, these surfaces are much more 

exposed to the sun’s irradiation than those facing south. The areas facing directions from 

west to east through north were given the highest weighting—see Figure 3. 
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Figure 3. Suitable aspect directions for PV power plant. 

13. Slope 

Slope is a critical criterion for construction as it is essential in evaluating the economic 

feasibility of the project; this is largely influenced by the accessibility of the construction 

site and ease of transportation during construction. The excavation or filling of the area 

becomes time consuming and costs more when the land does not meet the slope require-

ment. Areas with mild slopes will aid in avoiding the high construction costs associated 

with high slope areas. Areas with steeper slopes are unsuitable for RES energy plant de-

velopment projects because of low economic viability. According to Uyan [26] it has been 

found that slopes below 3% are highly appropriate and ideal for locating solar PV sites. 

2.3. Data Processing 

In this study, raw datasets were obtained from open sources, and different datasets 

were explored. In comparison to other freely available data, we used the Global Solar At-

las dataset for wind and air temperature because it provided the most consistent and com-

plete dataset. In locating the solar PV and wind energy power plants, all analyses were 

conducted using ArcMap software (desktop version), from the company Esri®, to perform 

a site-suitability analysis. Numerous datasets (see Table 1) were pre-processed. Others 

were derived from the available data, e.g., slope and aspect rasters were produced from 

the Digital Elevation Model. For this study, the GIS methods employed require vector 

data to be rasterized, making it easier to reclassify during further data processing. All 

datasets were reclassified before performing weighted overlay operation. In the weighted 

overlay approach, average solar irradiation, average wind speed, aspect, slope, average 

air temperature, powerline, and road data are the input rasters. Finally, using the 

weighted overlay method, various classes of suitable locations were discovered and seg-

regated. 

The restricted areas along with their buffers are identified and excluded from the 

analysis. This includes environmentally sensitive/protected land, urban areas, forestry 

lands, waterbodies, airports, and IBA. 
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Table 1. Data used in this study. 

Description Data type Spatial Resolution Data provider 

Digital elevation model (DEM) Raster 30 m USGS Earth Explorer 

Air temperature Raster 30 arc-sec Global Solar Atlas 

Solar Radiation Raster 9.0 arc-sec (nominally 250 m) Global Solar Atlas 

Wind Speed Raster 250 m Global Wind Atlas 

Agricultural Raster 10 m European Space Agency 

IBA Vector - Birdlife International portal 

Roads Vector - NSA 1 

Forestry Vector - NSA 

Protected areas Vector - NSA 

Airport Vector - NSA 

Power line Vector - CENORED 

CENORED boundary Vector - CENORED 
1 Namibia Statistic Agency. 

2.4. Weighted Overlay 

One of the most common approaches to overlay analysis is the weighted overlay 

method. It is used to combine the evaluation criteria layers with their associated weights 

to create a single map layer [49]. A weighted overlay approach makes it possible to calcu-

late and perform a multiple-criteria analysis between sets of raster layers. The default 

evaluation scales range from one to nine, with one being the least suitable and nine being 

the most suitable. In the case where input rasters have already been reclassified to a com-

mon measurement scale, it is critical to choose an evaluation scale that corresponds to the 

reclassified raster layers. Each raster layer input might be given a percentage influence or 

weighted. All raster layers must have a total influence of 100 percent. 

2.5. Analytical Hierarchy Process 

The AHP method [13,50,51] is based on a series of pairwise comparisons that consider 

the researcher’s perception and evaluation. It is simple to use because of its hierarchical 

structure and pairwise comparison, which enable the researcher to assign different 

weights to each criterion. It can integrate quantitative and qualitative criteria into a unified 

decision framework [51]. 

AHP is a procedure in which each criterion is assigned a level based on a pair-wise 

comparison in the matrix to determine the relative weights of each. The matrix allows for 

the comparison of the significance of each relative element and calculation of the weight 

of each index in relation to the general objectives, thus simplifying the decision-making 

process. The pairwise comparison matrix is generated using a numerical scale of degrees. 

The judgment of pairwise comparisons is made by using the sequence values of 1 (equal 

importance) to 9 (extreme importance). It reduces any possible error that may occur dur-

ing multi-criteria evaluation and can deal with inconsistent judgments. Based on Saaty 

[51], the fundamental principles of AHP can be summarised in the phases as shown in 

Figure 3. 

The following are the important steps in identifying the optimal sites for solar PV 

plant deployment using AHP technique: In the AHP process, the first stage is to structure 

the decision problem as a hierarchy by identifying the goal and criteria. In Figure 4, the 

decision problem was structured into a hierarchical model, with the goal representing the 

top level, which is to choose the optimal sites for installing PV utility-scale plants. In the 

second level, the decision criteria are listed. As indicated in Table 2, the pairwise compar-

isons of the criteria are determined on a numerical scale from one to nine depending on 

the importance of each criterion, as proposed by Saaty [51]. 
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Figure 4. The steps of the AHP method. 

Table 2. Pairwise comparisons on a relative scale. 

Importance Scale of Criteria 

j to Criteria k 
Equivalent Linguistic Judgment 

1 The importance of criteria j and k is equal 

3 The importance of criteria j is slightly higher than that of criteria k 

5 The importance of criteria j is moderately more than of criteria k 
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7 The importance of criteria j is stronger than of criteria k 

9 The importance of criteria j is extremely more than of criteria k 

2,4,6,8 Intermediate values 

The second important step is to generate the pairwise comparison matrix. The pair-

wise comparison matrix, M, is the square matrix (n × n), where n is the number of criteria. 

Each cell ajk of matrix M represents the comparison values between the jth (row) criterion 

relative to the kth (column) criterion. If the cell ajk > 1, the jth criterion is more important 

than the kth criterion and vice versa. 

The next step is to derive the normalised pairwise comparison matrix after construct-

ing the preceding pairwise comparison matrices to obtain the priority (weights) of each 

criterion. The sum of each column in a normalised pairwise comparison matrix must equal 

1. This may be derived by calculating sjk for each cell in the matrix using Equation (1). 

𝑠𝑗𝑘 =
𝑎𝑗𝑘

∑ 𝑎𝑗𝑘
𝑛
𝑗=1

 (1) 

To determine the criterion weight vector (Wj), Equation (2) was used. The criterion 

weight vector Wj is calculated by averaging across rows to obtain the relative weights, 

where m is the number of values in the row. 

𝑊𝑗 =
∑   𝑛

𝑗=1 𝑠𝑗𝑘

𝑚
 (2) 

Finally, a consistency ratio (CR) needs to be computed for the matrix to assess the 

consistency of the experts’ judgement. The degree of consistency in the analysis is consid-

ered acceptable if the CR ≤ 10%. If CR > 10%, the judgments must be revised to identify 

and correct the source of the inconsistency; therefore, to provide an acceptable level of 

consistency, the CR value should be always ≤ 10% [51]. CR is given by Equations (3) and 

(4) below. 

𝐶𝑅 =
𝐶𝐼

𝑅𝐼
 (3) 

𝐶𝐼 =
𝜆𝑚𝑎𝑥 − 𝑛

𝑛 − 1
 (4) 

where λmax is the maximum Eigen value of the comparison matrix and n is the size of the 

matrix. RI represents values of random consistency index depending on the number of 

criteria n considered in M. The RI value is shown in Table 3. 

Table 3. Random consistency index values (RI) adapted from [51]. 

N 1 2 3 4 5 6 7 8 

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 

3. Results 

3.1. Restricted Areas for Solar Pv and Wind Power Plant Development 

A constraint is used to narrow down the options being explored, excluding places 

that are undesirable. Forestry areas, agriculture, water bodies, metropolitan areas, IBA, 

and protected areas were imposed as limits. Table 4 presents a summary of threshold re-

quirements for constraint criteria that impact an area’s suitability for developing solar PV 

and wind power plants. These are illustrated in Figure 5. Union analysis was used to com-

bine these layers into a single, composite layer preserving all input feature boundaries 

and attributes with all the necessary buffers. Restricted areas are indicated in grey while 

the feasible areas are shown in dark green in Figure 6. 
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Table 4. Constraints involved in installing solar PV and wind power plants. 

Criteria 
Delimitation 

(Buffer Zone) 
Suitability References 

Distance from Water bodies (m) 
≤500 

>500 

Not Suitable  

Suitable 
[15,52] 

Distance from Protected Areas (m) 
≤500 

>500 

Not Suitable  

Suitable 
[15,26] 

Distance from Urban Areas (m) 
≤500 

>500 

Not Suitable  

Suitable 
[33] 

Distance from Forestry Areas (m) 
≤100 

>100 

Not Suitable  

Suitable 
[53] 

Distance from IBA 
≤1000 

>1000 

Not Suitable  

Suitable 
[54] 

Distance from Airfield with Rader 
≤25,000 

>25,000 

Not Suitable  

Suitable 
[33] 

Distance from Local Airfield 
≤2500 

>2500 

Not Suitable  

Suitable 
[33] 

Distance from Agricultural Land 
≤100 

>100 

Not Suitable  

Suitable 
[28] 

 

Figure 5. Restricted areas in the study region. 
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Figure 6. Restricted and unrestricted areas in the study region. 

3.2. Solar Pv Power Plant Suitable Areas 

Table 5 presents threshold requirements for factors influencing the suitability of an 

area for solar energy plant development, with accompanying sources from which the cri-

teria were derived. These are illustrated in Figure 7. 

Table 5. Factors involved in installing solar PV systems. 

Factors Criteria Classes Suitability References 

Topographical C3 = Slope (°)  

0–1.73 

1.73–2.8 

2.8–5.7 

>5.7 

Highly suitable  

Moderately Suitable 

Low Suitability 

Unsuitable 

[34] 

 C4 = Aspect (°) 

0–22.5 and 337.5–360 

22.5–67.5 and 292.5–337.5 

67.5–90 and 270–292.5  

90–270 

Highly Suitable 

Moderately Suitable 

Low Suitability 

Unsuitable 

[13] 

Climatic 
C1 = Solar Irradiation 

(kWh/m2/d)  

1 953.36–2 153.5  

2 153.5–2 263 

2 263–2 465.44 

Low Suitability 

Moderately Suitable 

Highly Suitable 

[36,55] 

 C2 = Air Temperature (°C) 

14.7–20 

20–22 

22–24.1 

Highly Suitable 

Moderately Suitable 

Low Suitability 

[45,56,57] 

Economic C5 = Distance from Roads (m) 

0–100 

100–5000 

5000–20,000 

>20,000 

Low Suitability 

Highly Suitable 

Moderately Suitable 

Unsuitable 

[3,15,32] 
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C6 = Distance from Power 

lines (m) 

0–5000 

5000–10,000 

10,000–20,000 

>20,000 

Highly Suitable 

Moderately Suitable 

Low Suitability 

Unsuitable 

[1,58] 

 

Figure 7. Solar PV plant criteria. 

3.2.1. Analytical Hierarchy Process 

The pairwise comparison matrix (Table 6) was generated per [40,59] using Table 2. 

Formulae 1 and 2 were used to determine the weights for each criterion for the solar PV 

power plant. A higher weight indicates that the criterion has a greater influence on the 

location of the solar PV power plant. With reference to Table 6, average solar irradiation 

(C1) has a calculated weight of 0.39, and annual average air temperature (C2) has a calcu-

lated weight of 0.22; these are considered the most important criteria, because these two 

criteria determine the output energy capacity of PV power plants. Slope (C3) and aspect 

(C4) are equally important because they determine how much irradiance the solar panels 

receive. Lastly, the distance to power lines (C6) and roads (C5) are also equally important, 

as they influence the construction transmission cost and infrastructure. The calculated 

consistency using Formula 3 is acceptable (1.4%). 

Table 6. The adopted decision criteria for solar plants evaluated in a matrix. 

Criteria C1 C2 C3 C4 C5 C6 Weighted 

C1 1 2 3 4 5 9 0.39 

C2 ½ 1 2 2 4 5 0.23 

C3 1/3 ½ 1 1 3 5 0.14 

C4 ½ ½ 1 1 3 7 0.15 
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C5 1/5 ½ 1/3 1/3 1 1 0.05 

C6 1/9 ½ 1/5 1/7 1 1 0.04 

      λmax 6.091 

      CI 0.018 

      CR 0.014 

3.2.2. Weighted Overlay Tool 

One of the most common approaches to overlay analysis is the weighted overlay 

method, and it is used to handle multi-criteria problems including suitability analysis and 

site selection. A weighted overlay approach makes it possible to calculate and perform a 

multiple-criteria analysis between sets of raster layers. The default evaluation scales range 

from one to nine, with one being barely suitable and nine being highly suitable [59]. All 

raster layers must have a total influence of 100 percent. 

In the case where input rasters have already been reclassified to a common measure-

ment scale using the reclassify tool, it is critical to choose an evaluation scale that corre-

sponds to the reclassified raster layers. To combine raster layers in a single analysis, each 

cell criterion was reclassified into a common preference scale from 1 to 4, where 4 is the 

most favourable. Each raster layer input was given a percentage influence or weight de-

rived from AHP by directly comparing the importance of one criterion to another crite-

rion. Figure 8 depicts the resultant spatial distribution of potential sites for solar energy 

plant installation within the Central North region of Namibia. 

 

Figure 8. Final solar PV power plant suitability.  
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3.3. Wind Power Plant Suitable Areas 

Site selection for wind energy plants also involves examination of a comprehensive 

set of factors. Several criteria, including slope, wind speed, road, and power lines, were 

identified in the literature to be considered in the development of wind energy site selec-

tion. Table 7 shows how identified criteria were classified into two key groups: technical 

(topographic and climatic) and economic. These criteria are illustrated in Figure 9. 

Table 7. Factors for wind turbine power plant installation. 

Factors Criteria Classes Suitability References 

Topographical C2 = Slope (°) 

0–2.9 

2.9–5.7 

5.7–8.5 

>8.5 

Highly suitable  

Moderately Suitable 

Low Suitability 

Unsuitable 

[15,32] 

Climatic C1 = Wind Speed (m/s)  

0–5.6 

5.6–6.9 

6.9–9.5 

>9.5 

Unsuitable 

Low Suitability  

Moderately Suitable 

Highly Suitable 

[22,24,32] 

Economic 

C3 = Distance from Roads 

(m) 

0–100 

100–5000 

5000–20,000 

>20,000 

Low Suitability 

Highly Suitable 

Moderately Suitable 

Unsuitable 

[3,15,32] 

C4 = Distance from Power 

lines (m) 

0–250 

250–5000 

5000–20,000 

>20,000 

Unsuitable 

Highly Suitable 

Moderately Suitable 

Unsuitable 

[15,32,33] 

 

Figure 9. Wind power plant criteria. 
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The same methods as described previously were utilised to determine the criteria 

weights. The CR was also calculated to assess the level of consistency in the pairwise com-

parison matrix shown in Table 8. Based on the output results of the AHP, wind speed (C1) 

is the most important evaluation criterion in wind turbine site selection and thus has the 

greatest influence on suitability evaluation. The final suitable areas were defined, as 

shown in Figure 10, by overlaying the output of the restrictive and classification methods. 

Table 8. The adopted decision criteria for wind plant comparison matrix. 

Criteria C1 C2 C3 C4 Weighted 

C1 1 3 5 9 0.50 

C2 1/3 1 3 7 0.24 

C3 1/5 1/5 1 5 0.21 

C4 1/9 1/7 1/5 1 0.038 

    λmax 5.22 

    CI 0.055 

    CR 0.049 

 

Figure 10. Wind turbine power plant suitability areas. 

3.4. Validation of Results 

The results of the solar analysis are compared with previous research in establishing 

suitable and cost-effective locations for solar PV energy plants, namely the World Bank 

study on global PV power potential by country (see https://globalsolaratlas.info). This 

provides a comprehensive and harmonised analysis of solar resources and the potential 

https://globalsolaratlas.info/
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for installing PV power plants at a utility-scale. The outcome of the World Bank study is 

presented in Figure 11, clipped to the Central North Namibia study area to validate the 

findings attained in this project. Table 9 shows the percentage overlap of highly suitable 

to unsuitable regions of the two studies. 

 

Figure 11. Validation of solar site suitability results. 

Table 9. Area overlapped between the World Bank study and this study. 

Suitability Overlapped Area (ha) Percentage Overlap (%) 

Not Suitable 25,885.41 0 

Low Suitable 4760.71 55 

Moderate Suitable 273,568.55 53 

High Suitable 705,967.59 56 

Although the World Bank study used a different method (SolarGIS algorithm) in-

volving only two criteria (solar irradiation and air temperature), there is some similarity 

between their results and ours. The comparison of the two studies shows that there is an 

overlap of 56% between the highly suitable areas of the two studies. The present study is 

more detailed in its analysis as it considered and integrated several factors that can hinder 

the installations of solar PV power plants, while the World Bank study only considered 

two factors. This reveals the value of focused studies, taking multiple criteria into consid-

eration over global studies. 

Unfortunately, the maps or data showing the locations of actual solar PV power 

plants within the study area are not publicly available. Therefore, it is not possible to en-

sure the existing solar PV power plants in the study region are located at the most suitable 

areas. 

As far as we know, no prior studies have been conducted on wind energy develop-

ment within the study area. Hence, there is no study that could be used as a comparison 

to the current study to verify or validate the generated results pertaining to wind. 
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4. Discussion and Conclusions 

The three objectives for this study were (1) to decide on the factors influencing the 

selection of solar PV and wind energy production sites, (2) to identify constraints on site 

selection, and (3) taking these factors and constraints into account, to identify suitable 

sites. Thirteen factors were considered in Section 2.2 and summarised in Tables 5 and 7. 

Constraints were identified in Section 3.1 and summarised in Table 4. Suitable sites are 

identified in Figures 8 and 10. All three objectives, and hence the overall aim, have been 

met. The study’s novelty lies in the identification of relevant criteria for renewable energy 

site selection, as well as in the identification and use of secondary, open-source data for 

this. Both the criteria and datasets can be used to repeat the study in other regions of Na-

mibia. 

As shown in Figure 8, highly suitable areas for solar PV power plants are mostly 

found in the southwest and southern regions, with a few scattered spots in the north-west 

of the study area. The areas of moderate suitability are located in the north and southeast 

parts of the study area, whereas unsuitable areas can be found scattered across the study 

area. Lastly, the restricted areas predominate the northwest and west regions of the study 

area, with some scattered in the middle section. 

Most of the areas in the southern region and northeast region of Central North Na-

mibia have been determined to be inconvenient for wind turbine installation. Lack of 

strong wind speed and the presence of steep terrain in the northeast and east regions make 

these regions unfavourable for wind turbine installation. The northwest region is a good 

potential area for the construction of wind energy plants. This is because of their abundant 

wind resources, flat terrain, and short distance from power lines. 

These findings provide useful information that can be used as a guide by electrical 

companies, investors, and other stakeholders in the development of solar and wind en-

ergy plants, the conservation of energy for future demand, and the promotion of regional 

sustainable initiatives. The identification of suitable sites for RES production plants is the 

first step towards addressing SDG targets, 7.1 (by increasing the proportion of the popu-

lation with access to clean electricity), 7.2 (by increasing the global share of renewable 

energy), 7.b (by increasing the number of installed RES production plants in developing 

countries like Namibia), and 13.2 (by reducing greenhouse gas emissions from coal-fired 

power stations). 

The results presented here are derived from secondary, freely available data and 

should be validated by field measurements of solar irradiance and wind speed, as well as 

observation of any ecological variables that may exist in any specific place, such as migra-

tory bird paths. In addition to the lack of bird migration datasets, additional investigation 

will be well worth conducting before making final decisions on wind turbine power plant 

site selection. The next step would be for all sites to complete an assessment, including 

environmental impact, to determine their viability. 

In conclusion, this study is a first step towards the identification of sites suitable for 

solar PV and wind energy plants. The study suggests that there is great potential for en-

ergy production using solar and wind energy within the study area. In total, 67,070 km2 

of land is deemed suitable for solar power plants and 143,821 km2 for wind turbines. These 

results may be used to increase the amount of renewable energy generated in Central 

North Namibia, allowing it to meet renewable energy targets while also reducing the car-

bon footprint, to establish a more sustainable energy future and achieve the 2030 sustain-

able development goals, especially goal 7 (affordable and clean energy) and goal 13 (cli-

mate action). While this study has focused on a particular region in Namibia, using ap-

propriate data the methodology can be applied to the rest of the country to expand the 

identification of suitable sites. 
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