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Abstract 

Namibia’s vast renewable energy potential positions it as a strategic location for green hydrogen 

production, a key vector in advancing global decarbonization objectives. Nevertheless, identifying 

optimal production sites remains a complex and multidimensional challenge. This study presents a 

comprehensive techno-economic and spatial assessment aimed at determining the most suitable 

areas for large-scale green hydrogen production in Luderitz, Namibia. The analysis employs the 

Analytical Hierarchy Process integrated with Geographic Information System techniques to evaluate 

and spatially prioritize potential sites. Critical criteria, including solar irradiance, wind velocity, land 

use, and proximity to essential infrastructure, were systematically weighted and overlayed to 

generate suitability classifications. The results indicate that approximately 20% of the study area 

exhibits high suitability, 68% moderate suitability, 8% marginal suitability, and 4% is unsuitable for 

the development of integrated wind and solar energy. These findings provide a robust scientific basis 

for guiding policy formulation, investment planning, and the spatial optimization of Namibia’s 

emerging green hydrogen industry. 

Keywords: AHP; green hydrogen; GIS; optimization; solar PV; wind farm 

 

1. Introduction 

The global transition toward sustainable and low-carbon energy systems has intensified interest 

in green hydrogen as a key driver for decarbonizing sectors such as heavy industry, transport, and 

power generation. Energy and industrial sectors are responsible for 42% and 26% of CO2 emissions 

worldwide, respectively [1]. Green hydrogen, which is produced by using renewable energy sources, 

offers an environmentally friendly alternative to fossil-fuel-based hydrogen, contributing to both 

energy security and climate change mitigation. However, the feasibility and competitiveness of green 

hydrogen production are highly dependent on spatial and environmental factors, including 

renewable energy potential, water availability, infrastructure accessibility, and proximity to demand 

centers. 

Several studies have utilized a combination of GIS and Multi-Criteria Decision-Making (MCDM) 

techniques to determine the most suitable locations for establishing renewable energy farms. Kamati 

et al. [2] used AHP and GIS approach to determine potential locations for wind and solar photovoltaic 

(PV) energy plants in the Central and North regions of Namibia. Their findings showed that the 

highest potential for solar PV energy plants is in the northwest, southwest, and southern regions, 

whereas only the northwest region is highly suitable for wind power plants. Dahani et al [1] also used 

MCDM and GIS to identify the most promising locations in Morocco for a green ammonia unit 

through a land suitability analysis. Their findings showed that the levelized cost of ammonia (LCOA) 

ranges from $ 646 to $ 687 per ton. Sun et al [3] presents a framework to evaluate the suitable location 

and technical potentials for large-scale solar PV and concentrated solar power (CSP) plants by 

combining GIS and MCDM methods. 
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Xu et al [4] combined Interval AHP and GIS to select the best wind farm sites in the Wafangdian 

region, China. Their study employed a multi-criteria decision-making framework to identify feasible 

areas for wind farm development, emphasizing biodiversity conservation and production safety as 

primary factors. The study determined the relative importance of evaluation criteria such as social 

impact, economic benefit, terrain, and eco-environmental protection. The results revealed that 30.2% 

of the study area was suitable for wind power installation, with only 3.36% classified as highly 

suitable.  

Noorollahi et al. [5] applied geographic information system to determine the potential of wind 

energy in Markazi province in western Iran. The MCDM method and site selection criterion for wind 

resources assessment are developed for the study area. Criteria investigated included technical, 

environmental, economic, and geographic standards. Their results were favorable for electricity 

production in accordance with international standards from wind in western Iran. The results 

showed that 28% of the study area has the capacity for installing large wind farms. 

Despite Namibia’s abundant renewable energy potential and growing national interest in 

hydrogen development, there is limited detailed research on where green hydrogen production 

would be most suitable and sustainable. Current feasibility studies often focus on technical and 

economic factors without considering the full range of spatial, environmental, and infrastructural 

constraints that impact project viability and suitability. In Lüderitz, challenges such as limited 

freshwater resources, sensitive coastal ecosystems, and the need for grid and port infrastructure 

demand careful spatial analysis. Without a systematic GIS-based decision-making framework, site 

selection for green hydrogen projects risks overlooking key sustainability criteria, potentially leading 

to a suboptimal or environmentally harmful development. 

It is on this basis that study is a proposing an AHP methods to evaluate the spatial suitability of 

Lüderitz, Namibia, for green hydrogen production by weighing key criteria, including renewable 

energy potential, water resource availability, land use, topography, and proximity to infrastructure. 

By applying pairwise comparisons to these factors, the AHP method transforms expert judgment into 

quantitative weights that represent the relative importance of each site selection driver. These 

weights are then integrated with spatial datasets within a GIS environment to produce a suitability 

map, providing a multi-criteria decision-making framework for identifying the most favorable areas 

for hydrogen infrastructure development 

2. Materials and Methods 

This paper employs a GIS-based multi-criteria decision-making approach to assess the 

suitability of Lüderitz for green hydrogen production 

The methodology employed to identify the optimal sites at Lüderitz has three macro phases of 

analysis. The first phase of the analysis is screening and data preparation. The primary objective of 

this phase of analysis is to eliminate the unsuitable areas for further consideration. The second phase 

of the analysis is to identify a suitable site and define decision criteria for the best site selection. The 

third phase of the analysis is the use of the AHP to weigh the criteria and identify the best site for 

wind and solar power plants for green hydrogen production. The evaluation criteria considered in 

the analysis are climatology (technical), topography, and proximity to infrastructure (economic), as 

shown in Figure 1. 
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Figure 1. Methodological framework for RE plants site selection. 

2.1. Description of the Study Area 

Lüderitz is located at 26.6420° S, 15.1639° E, with a total surface area of 112.9 km², excluding the 

buffer area under exploration. Lüderitz experiences good wind speeds and solar irradiation and is 

regarded as one of the best areas for hybrid RES plants. The study area is located in the Karas region 

of the Namib Desert, making it particularly suitable due to its sparse vegetation. Figure 2 shows the 

map of the study area 

The selection of the site is due to the fact that it exhibits best complementary status of wind and 

solar resources and is also being considered for first Namibian industrial-scale hydrogen production 

facility. 

In this study, ArcGIS 10.8 was utilized to analyze geographic and meteorological data, 

identifying optimal locations for solar panels and wind turbines that considered factors such as 

sunlight exposure, wind patterns, topography, and proximity to existing infrastructure. It is used to 

create detailed maps and models to visualize potential energy yields and assess environmental 

impacts. 
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Figure 2. Study area at Lüderitz. 

2.2. Identification of Study Area Criteria 

Factors that aid in selecting the best site are classified as weighted criteria, while the factors 

hindering the best site selection are classified as constraints. The weighted criteria influencing 

location selection are categorized into climatology, topography, and economics. Each criterion is 

broken down into sub-criteria, with a total of nine criteria considered in this study. These criteria are 

thoroughly analysed for their characteristics, benefits, and implications in developing of wind and 

solar PV power plants. 

It's important to note that some criteria may be based on energy policies, preferred technologies, 

site characteristics, and specific country requirements. However, the goal is to obtain an optimum 

selection of a set of criteria that would enable a renewable energy scheme to perform at its optimum 

capacity. Criteria such as topography, wind speed, air temperature, road access, power grid access, 

and solar irradiation are the weighted criteria and are to be incorporated into the Analytic Hierarchy 

Process MCDM approach  

2.3. Input Data  

Meteorological data, essential for assessing energy potential, can lead to erroneous conclusions 

if influenced by calibration errors or equipment malfunctions in weather stations or satellites. 

Therefore, the data collected in this study were investigated for these potential errors, ensuring data 

accuracy through validation and cross-verification. This study utilized a dual-source validation 

approach, comparing meteorological data from the Global Wind and Solar Atlases against NASA 

Earthdata. The investigation focused on verifying wind speeds, solar irradiance, and ambient 

temperatures. The study utilized standard deviation to detect anomalous data points and noise, 

ensuring that sudden, non-physical fluctuations did not negatively affect the energy potential 

assessments. This comparative synthesis allowed for the removal of outliers, resulting in a high-

fidelity dataset suitable for reliable energy modeling. The data used in this study were obtained from 

different spatial references, including related literature, open sources, and government agencies, as 

shown in Table 1Error! Reference source not found.. All partial data were converted to the projected U

TM-WGS84 coordinate system for accuracy purposes. Using the imagery view in ArcGIS, some 

vectors were constructed.  
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An overview of the threshold criteria for constraint factors influencing the suitability of an area 

for both wind and solar power plant development is provided in Table 2.  

Table 1. Description of spatial datasets, formats, and data sources used in the green hydrogen site-suitability 

analysis. 

Data collected Data type XY Coordinate system Data source 

Wind speed at 

100m 

Raster file WGS 1984_UTM_Zone_33S Global Wind Atlas 

Solar irradiation Raster file WGS 1984_UTM_Zone_33S Global Wind Atlas 

Ambient 

Temperature 

Raster file WGS 1984_UTM_Zone_33S Global Solar Atlas 

Humidity Raster file WGS 1984_UTM_Zone_33S NASA 

Slope Vector 

(shapefile) 

WGS 1984_UTM_Zone_33S Open Topography 

Distance from 

water bodies (Sea) 

Vector file WGS 1984_UTM_Zone_33S Constructed 

Important Bird 

Areas 

Vector 

(Shapefile) 

WGS 1984_UTM_Zone_33S BirdLife International 

Land cover Vector 

(shapefile) 

WGS 1984_UTM_Zone_33S Esri Land cover in 

collaboration with 

Livingatlas. 

Airports Vector 

(shapefile) 

WGS 1984_UTM_Zone_33S Constructed 

Roads Vector 

(shapefile) 

WGS 1984_UTM_Zone_33S The World Bank 

Power lines Vector 

(shapefile) 

WGS 1984_UTM_Zone_33S NamPower 

Urban Area Vector 

(shapefile) 

WGS 1984_UTM_Zone_33S Constructed 

Table 2. Constraints analysed for installing solar PV, wind power plants, and green hydrogen production 

facilities. 

Constrain 
Buffer zone 

(meters) 
Suitability Reference 

Protected Areas 
≤ 500 Not Suitable 

[6] 
> 500 Suitable 

Urban areas 
≤ 500 Not Suitable 

[7] 
> 500 Suitable 

Important Bird Areas 
≤ 1 000 Not Suitable 

[8] 
> 1 000 Suitable 

International and Military 

Airports 

≤ 25 000 Not Suitable 
[9] 

> 25 000 Suitable 
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Domestic Airports 
≤ 2 500 Not Suitable 

[9] 
> 2 500 Suitable 

Forests (Land cover) 
≤ 100 Not Suitable 

[10] 
> 100 Suitable 

2.4. Screening Out Constraints 

Constrains include mostly environmental regulations related to airports, noise control, forests, 

agricultural lands, protected areas (including wetlands, national parks, important bird areas, and 

water bodies). These areas, including their buffer zones, must be excluded from further consideration 

of green hydrogen suitability assessments. 

2.4.1. Existing Airports 

Wind farm development near airports is restricted due to collision risks, radar/navigation 

interference, wake turbulence, and impacts on future development. A 25,000 m buffer zone is 

required for international/military airports, and 2,500 m for smaller airfields [9]. Since Lüderitz 

Airport is a small domestic airfield, a 2,500 m buffer was applied to the wind and solar site selection 

area and removed. 

2.4.2. Urban Areas 

Setting up a wind farm in urban areas involves several considerations to maximize efficiency, 

minimize impacts, and comply with regulations. 500 m from urban areas is stated to be the minimum 

threshold distance to set up a wind farm. Placing wind farms away from urban areas helps minimize 

the impact of noise and visual pollution on the local population. 

While rare, there is a risk of mechanical failures, such as blade throw or ice throw, where parts 

of the turbine or ice accumulated on blades can be projected at high speeds. Keeping wind farms 

away from populated areas mitigates these safety risks. 

2.4.3. Protected Area 

Protected areas such as natural, archaeological, and historic sites, tourist areas, wildlife, and 

areas of cultural heritage were studied. Such protected areas and areas within a 500m buffer zone 

from such areas are classified as unsuitable areas. 

2.4.4. Land Cover 

Certain types of land, including forests, woodlands, and wetlands, are not suitable for both solar 

and wind farms. Trees in forests and woodlands hinder wind flow, reducing the efficiency of wind 

turbines. Wetlands are not conducive to electrical installations due to their unstable and often 

waterlogged ground conditions. As a result, these areas are excluded from wind farm suitability 

assessments to ensure optimal performance and safety of the installations. The area under study is 

located in the Namib desert, with no vegetation longer than one meter covering the land, hence 

making land cover of very little consideration. 

2.4.5. Important Bird Areas  

Wind energy can negatively affect birds through collision, deaths, displacement, barriers, and 

habitat loss or degradation. Therefore, avoiding wind farms on Important Bird Areas (IBA) is the 

most effective way to prevent or reduce these impacts 

2.5. Analytic Hierarchy Process (AHP) 
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AHP is a structured technique for organizing and analyzing complex decisions, based on 

mathematics and psychology. It was developed by Thomas L. Saaty in the 1970s, and in 1983, Saaty 

partnered with Ernest Forman to develop expert software [11]. It represents an accurate approach to 

quantifying the weights of decision criteria. Individual experts’ experiences are utilized to estimate 

the relative magnitudes of factors through pair-wise comparisons [12]. Each of the respondents 

compares the relative importance of each pair of items using a specially designed questionnaire. The 

relative importance of the criteria can be determined with the help of the AHP by comparing the 

criteria and, if applicable, the sub-criteria in pairs by experts or decision-makers. AHP is one of the 

most favored and commonly utilized methods in the literature for determining the best locations for 

installing wind and solar PV energy plants. It is the most widely used multi-criteria decision-making 

technique integrated within GIS, which assigns weights to criteria and can manage inconsistent 

judgments. 

2.5.1. AHP Mathematical Model 

In this study, the following steps are used for identifying optimal sites for RE plant deployment 

using the AHP technique. First, the decision problem is structured into a hierarchy in the AHP 

process by defining the main goal (selecting the best locations for RE plants) and the criteria. As 

shown in Figure 3, the decision problem is organized into a hierarchical model, with the top level 

representing the objective of selecting the optimal sites for PV utility-scale plants. The second level 

lists the decision criteria and sub-criteria for wind and solar site selection. 

The second step is to compare the criteria using Saaty’s numerical scale from one to nine, based 

on their importance as shown in Table 3. The score points of the criteria are then applied in the 

construction of a pairwise comparison matrix [11]. 
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Figure 3. The implemented AHP flowchart. 

In this study, the following steps are used for identifying optimal sites for RE plant deployment 

using the AHP technique; First, the decision problem is structured into a hierarchy in the AHP 

process by defining the main goal (selecting the best locations for RE plants) and the criteria. As 

shown in Figure 3, the decision problem is organized into a hierarchical model, with the top level 

representing the objective of selecting the optimal sites for PV utility-scale plants. The second level 

lists the decision criteria and sub-criteria for wind and solar site selection, this is followed by 

comparing the criteria using Saaty’s numerical scale from one to nine, based on their importance as 

shown in Table 3. The score points of the criteria are then applied in the construction of a pairwise 

comparison matrix [11]. 

Table 3. Saaty's nine-point scale of relative importance. 

Relative importance of 

criterion x to criterion y 

Definition Explanation. 

1 Equal importance Two criteria contribute equally to the 

objectives 

3 Moderate importance Experience and judgment slightly 

favor one criterion over another. 

5 Strong importance Experience and judgment strongly 

favor one criterion over another. 

7 Very strong importance Experience and judgment very 

strongly favor one criterion over 

another. 

9 Extreme importance The evidence favoring one criterion 

over another is the highest possible 

order of affirmation 

2,4,6, and 8 Intermediate importance between 

two adjacent judgments 

Used for criteria that are very close in 

importance. 

The pairwise comparison matrix C is the square matrix (n x n), where n is the number of criteria. 

For each cell cjk the matrix C represents the comparison values between the jth row criteria relative 

to the kth column criterion. If the cell cjk > 1, the jth criteria are more important than the kth criteria 

and vice versa. 

C = [

c11 ⋯ c1n

⋮ ⋱ ⋮
cn1 ⋯ cnn

] (1) 

Step three involves deriving the normalized pairwise comparison matrix to determine the 

priority (weights) of each criterion. In a normalized pairwise comparison matrix M, the sum of each 

column must equal 1. This is achieved by calculating Sjk for each cell in matrix C using Equation 2. 

Sjk =
Cjk

∑ Cjk
n
j=1

 
(2) 

Step four is to determine the overall weight vector. The criteria weight vector (Wj) is calculated 

by averaging across rows to obtain the relative weights as given by equation 3. 

Wj =
∑ Sjk

n
j=1

a
 

(3) 

where: a is the number of values in the row. 
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Step five is to compute the Matrix’s consistency ratio (CR). The degree of consistency in the 

analysis is considered acceptable if the CR ≤ 0.1; otherwise, the judgments must be revised to identify 

and correct the source of the inconsistency. CR and CI are calculated using equations 4 and 5, 

respectively. 

CR =
CI

RI
 

 (4) 

CI =
λmax − n

n − 1
 

(5) 

where λmax is the maximum eigenvalue of the comparison matrix, and n is the size of the matrix. RI 

represents values of the random consistency index depending on the number of criteria N considered 

in matrix C. Saaty’s RI values are shown in Table 4. 

Table 4. Saaty’s random consistency index [11]. 

N        1 2 3 4 5 6 7 8 9 10 11 12 13 

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 48 1.56 

2.6. Solar Power Analysis 

Criteria affecting the site selection of a solar power plant are analyzed in this section. All sub-

criteria are classified according to their suitability. The criteria and their classification ranges are 

shown in Table 5Error! Reference source not found.. 

Table 5. Criteria influencing the Optimal site selection for a Solar Power Plant. 

Criteria Sub-criteria Classes Suitability Class 

Rating 

Reference 

Climatology Solar irradiation 

in (kWh/m²/year) 

>2 263  Highly suitable 4 [2] 

2 153.5 – 2 263 Moderately 

Suitable 

3 

1 953.36 – 2 

153.5 

Barely suitable 2 

<1 953.36 Unsuitable 1 

Air temperature 

in ℃ 

14.70 – 17 Highly suitable 4 [2] 

17 - 20 Moderately 

Suitable 

3 

20 – 24.10 Barely suitable 2 

>24.10 Unsuitable 1 

Humidity (%) <65.40 Highly suitable 4 [12] 

65.40 -73.50 Moderately 

Suitable 

3 

73.50 – 91.70 Barely suitable 2 

91.70 Unsuitable 1 

Topography Slope (%) <3% Highly suitable 4 [13] 
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3-7% Moderately 

Suitable 

3 

7-10% Barely suitable 2 

>10% Unsuitable 1 

Aspect (◦) 0 - 22.5 and 

337.5 - 360 

Highly suitable 4 [14] 

22.5 - 67.5 and 

292.5 337.5 

Moderately 

Suitable 

3 

 67.5 - 90 and 

270 - 292.5 

Barely suitable 2 

90 – 270 Unsuitable 1 

Economics 

 

 

Proximity to sea 

in meters 

< 10 000 Highly preferred 4  

1000 – 20 000 Moderately 

preferred 

3 

20 000 – 30 000 Barely preferred 2 

>30 000 Least preferred 1 

Proximity to 

road 

infrastructures in 

meters 

 

100 - 5 000 Highly preferred 4 [2,13] 

5 000 – 10 000 Moderately 

preferred 

3 

10 000 – 20 000 Barely preferred 2 

>20 000 Least preferred 1 

Proximity to 

power line 

infrastructures in 

meters 

< 5000  Highly preferred 4 [15] 

5000 – 10000  Moderately 

preferred 

3 

10000 - 20000 Barely preferred 2 

>20000 Least preferred 1 

2.6.1. Solar Irradiation 

Solar irradiation is a crucial factor in assessing the potential of a specific region. It measures the 

amount of energy received per unit area on the Earth's surface, expressed in watt-hours per square 

meter. PV systems utilize Global Horizontal Irradiation (GHI), which represents the total radiation 

received by a horizontal surface from above. While solar irradiation is a question of technical 

feasibility, it’s also an economic consideration. For cost-effective operations, solar PV panels require 

a minimum GHI of 1300 kWh/m2/y [2]. Raster format Global Horizontal Irradiation data was 

collected from the Global Solar Atlas at 250 m for GIS analysis. It represents yearly time average from 

2013 to 2023 (10 years) in kWh/m2. Figure 4(a) shows the unclassified and re-classified ranges of daily 

average solar irradiation in kWh/m2. The 4 suitability classes are shown in Figure 4(b). 
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(a) (b) 

Figure 4. Daily average solar irradiation (a) Unclassified and (b) Reclassified map. 

2.6.2. Air Temperature 

An increase in air temperature decreases panel efficiency. Kocabaldir and Yucel [12], have shown 

that the amount of generated energy declines by about 0.4%-0.5% for every 1°C rise in the cell 

temperature at temperatures above 25 ˚C. Solar efficiency and temperature relationship is given by 

equation 6. Their relationship can be described by a linear equation. 

η(T) = ηref[1 −  β(T −  Tref)] 
(6) 

where: 

- η(T) is the efficiency of the PV cell at temperature T. 

-ηref is the reference efficiency of the PV cell at the reference temperature (usually 25°C or 298 

K). 

- T is the operating temperature of the PV cell. 

- Tref is the reference temperature, typically 25°C (298 K). 

2.6.3. Air Temperature 

An increase in air temperature decreases panel efficiency. Kocabaldir and Yucel [12], have shown 

that the amount of generated energy declines by about 0.4%-0.5% for every 1°C rise in the cell 

temperature at temperatures above 25 ˚C. Solar efficiency and temperature relationship is given by 

equation 6. Their relationship can be described by a linear equation. 

η(T) = ηref[1 −  β(T − Tref)] 
(7) 

where: 

- η(T) is the efficiency of the PV cell at temperature T. 

-ηref is the reference efficiency of the PV cell at the reference temperature (usually 25°C or 298 

K). 

- T is the operating temperature of the PV cell. 

- Tref is the reference temperature, typically 25°C (298 K). 

-β is the temperature coefficient of efficiency, which is a negative value representing the rate of 

efficiency decrease per degree Celsius increase in temperature. It is typically provided by the 

manufacturer and might be in the range of -0.2%/°C to -0.5%/°C for many silicon-based PV cells. 

The solar cell temperature can be calculated from equation 7. 

Tc = Ta + (
Tref − 20℃

800
) × Irradiance 

(8) 
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where Tc is the solar cell temperature 

Ta is the air temperature and 

Tref is the nominal reference temperature. 

Therefore, areas with lower temperatures have increased solar efficiency, making them 

preferred for solar installations. The unclassified and reclassified map for temperature averages is 

shown in Figure 5 From the map, cooler temperatures can be observed along the coast and get 

warmer as you go inland. The lowest average temperature recorded is 15.4 °C to 20.9 °C, placing the 

overall study area in the high and moderate suitable classes as shown in Figure 5. 

  

(a) (b) 

Figure 5. The average temperature map (a) unclassified and (b) reclassified. 

2.6.4. Humidity 

Humidity can affect solar efficiency in two ways. Tiny water droplets, or water vapor, can collect 

on solar panels and reflect or refract sunlight away from solar cells. This reduces the amount of 

sunlight reaching them and, consequently, their ability to produce electricity. In addition, consistent 

hot, humid weather can degrade the solar panels over their operational lifespan. This mostly applies 

to both crystalline silicon cells and thin-film modules. The humidity map generated using data from 

2012 to 2022 (obtained at 2 meters) is given in Figure 6. 
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Figure 6. Average relative humidity. 

2.6.5. Slope 

Flat terrain is desired for solar plants. In most studies, only 3%-10% slope degrees have been 

considered to exclude the very steep areas [7]. As the slope value of 3% increases, the cost of 

investment increases gradually. 

From the slope map above, more than 90% of the total study area has good slopes. Hence, 

making it very suitable for solar installations. The slope orientation map is shown in Figure 7. 

  

(a) (b) 

Figure 7. Map of slopes (a)unclassified and (b) reclassified. 

2.6.6. Aspect 

In this criterion, north-facing lands are preferred because south-facing lands have low 

suitability. This is due to the sun moving across the sky from east to west in Namibia, with the highest 

point directly north at noon. When solar panels face north, they capture sunlight throughout the day, 

maximizing their power output. The aspect mapping of the study area is shown in Figure 8. 

  

(a) (b) 

Figure 8. Aspect orientation (a) Unclassified and (b) classified map. 
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2.6.7. Proximity to Sea 

Due to the renewable resources assessment in this study being carried out for green hydrogen, 

proximity to the sea is of vital consideration. This is to optimize the distance between the renewable 

energy plants, the electrolysis plant, the desalination and the water source(sea). The proximity to the 

sea analysis is shown in the map shown as Figure 9Error! Reference source not found.. 

 

Figure 9. Classified distance from the sea. 

A green hydrogen plant should be situated at an optimum distance from the sea to facilitate a 

shorter distance to water desalination. When renewable power plants are placed close to the sea, it 

minimizes the power losses in transmission over long distances to desalination and electrolysis plant. 

Hence, locating the plant at an optimal distance from the sea is essential for operational efficiency, 

cost-effectiveness, and environmental sustainability. 

Additionally, a green hydrogen plant needs to be in optimum proximity to the sea because the 

pipes carrying produced hydrogen to the seaports need to be short. This is to reduce the cost of pipes 

and to reduce the exposure of hydrogen to more environmental conditions with an increase in pipe 

length. 

2.6.8. Proximity to Roads 

Transportation cost is a dominant factor for any power plant installation. This is the case for 

hydrogen production plants, where hydrogen could be transported using multi-element gas 

container trailers, etc. Thus, the areas far from roads are not economically feasible and less suitable. 

Therefore, in this study, locations with less than 5000 meters distance are selected as highly suitable 

sites for solar PV. Locations with 5,000 meters to 10,000 meters are suitable, 1 0000 meters to 20,000 

meters are moderately suitable, and greater than 20,000 meters are considered unsuitable (see Figure 

10Error! Reference source not found.). 
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Figure 10. Road Distribution Map. 

2.6.9. Proximity to Power Lines 

For this study, the connection to the power line is solely to feed extra energy into the grid, not 

to draw energy from it. All renewable plants proposed in this study are utility-scale plants that can 

either connect directly to substations or tapping a transmission line of 69 kV or higher. Figure 11 

shows proximity analysis for power transmission lines. 

 

Figure 11. Power lines distribution Map. 

2.7. Wind Power Analysis 

This section analyzes site selection criteria for wind power plants. Economic criteria, common to 

both solar and wind, were discussed previously. Wind farm site selection criteria are classified into 

Table 6 according to their suitability ranges. 

Table 6. Criteria influencing the Optimal site selection for a Wind Power Plant. 

Criteria Sub-criteria classes suitability Rank reference 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 February 2026 doi:10.20944/preprints202602.0019.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.0019.v1
http://creativecommons.org/licenses/by/4.0/


 16 of 26 

 

Climatology Wind speed >9.5 Highly suitable 4 [16] 

6.9-9.5 Moderately suitable 3 

5.6-6.9 Barely suitable 2 

<5.6 unsuitable 1 

Topography Slope (%) 0 – 2.9 Highly suitable 4 [2] 

2.9-5.7 Moderately suitable 3 

5.7 – 8.5 Barely suitable 2 

>8.5 unsuitable 1 

Economic Proximity to 

roads (meters) 

100 - 5000 Highly suitable 4 [13][16] 

5000 – 10 000 Moderately suitable 3 

10 000 - 20 

000 

Barely suitable 2 

>20 000 unsuitable 1 

Proximity to 

power lines 

(meters) 

250 – 5 000 Highly suitable 4 [15] 

5 000 – 10 000 Moderately suitable 3 

10 000 – 20 

000 

Barely suitable 2 

>20 000 unsuitable 1 

Distance from 

the sea 

<10 000 Highly suitable 4  

10 000 – 20 

000 

Moderately suitable 3 

20000 – 30 000 Barely suitable 2 

>30 000 unsuitable 1 

2.7.1. Wind Speed 

The wind resource is a very important technical criterion that affects the siting of a wind farm in 

any location. The amount of wind energy that can be generated from a particular location is 

proportional to the cube of the wind speed at that location and is given by equation 8: 

P(v) =
1

2
ρAv3 

(9) 

where: 

- P(v) is the average wind energy in watts (W) at a particular location, 

- ρ is the air density in kg/m3, 

- A is the sweep area in m2 of the rotor blades, 

v is the average wind speed in m/s 

Wind data raster data file was obtained for a period of 10 years (2013 – 2023). Figure 12Error! R

eference source not found.(a) shows the unclassified wind speed ranges of the study area. Good 

wind speeds are observed as one moves close to the coastline. The ArcGIS reclassifying tool was 

applied to wind speed raster data to reclassify it into four suitability classes to find the class each area 

falls. The reclassified map is shown in Figure 12Error! Reference source not found. (b). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 February 2026 doi:10.20944/preprints202602.0019.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.0019.v1
http://creativecommons.org/licenses/by/4.0/


 17 of 26 

 

  

(a) (b) 

Figure 12. Daily average wind speed at 100-meter height (a) unclassified Map (b) reclassified  Map. 

2.7.2. Slope 

Slope plays a major role in renewable energy installation. It is worth noting that the solar site 

selection suitability classes for slopes are different from those of wind. The reclassified map of the 

slope is shown in Figure 13  

 

Figure 13. Slope Ratio Distribution Map. 

An increase in slope ratio decreases wind speed. When the slope ratio is less than 2.9%, the 

surface is highly suitable, and greater than 8.5% is said to be unsuitable. 

3. Results and Discussion 

This section presents the results of the GIS–AHP–based site suitability assessment for green 

hydrogen production. The results include the relative weights of the selected evaluation criteria 

derived from the Analytical Hierarchy Process, as well as the spatial distribution of suitability classes 

generated through GIS-based analysis. 

3.1. Constrained Areas Union 

The union analysis tool in ArcMap was used to combine all constraint layers into a single layer. 

 In Figure 14, the study area map is divided into suitable (unconstrained) and unsuitable (con
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 strained) locations for wind and solar plant installations. A total area of 11 344.53km2 was con

 considered for the RE analysis. 82.40 km2 was found to house constraints, making the remain

 ing area of 11,262.12 km2 available for weighted criteria analysis. 

 

Figure 14. Constrained Areas Union Map. 

3.2. Solar PV Pairwise Comparison 

The pairwise comparison matrix was generated using Saaty’s nine-point scale. Table 7 shows 

the criteria comparison and the assigned Saaty’s degree of importance. 

Table 7. The criteria comparison and the assigned Saaty’s degree of importance. 

  Criteria More important scale 

i j A B A or B 1-9 

1 2 Solar irradiation Temperature A 5 

1 3 Slope A 8 

1 4 Aspect A 8 

1 5 Humidity A 8 

1 6 Distance from sea A 4 

1 7 Distance from powerlines A 6 

1 8 Distance from roads A 6 

2 3 Temperature Slope A 5 

2 4 Aspect A 7 

2 5 Humidity A 5 

2 6 Distance from sea A 2 

2 7 Distance from powerlines A 2 

2 8 Distance from roads A 2 

3 4 Slope Aspect A 2 

3 5 Humidity A 2 

3 6 Distance from sea B 7 

3 7 Distance from powerlines B 4 
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3 8 Distance from roads B 4 

4 5 Aspect Humidity A 1 

4 6 Distance from sea B 7 

4 7 Distance from powerlines B 6 

4 8 Distance from roads B 6 

5 6 Humidity Distance from sea B 6 

5 7 Distance from powerlines B 4 

5 8 Distance from roads B 4 

6 7 Distance from sea Distance from powerlines A 3 

6 8 Distance from roads A 3 

7 8 Distance from 

powerlines 

Distance from roads A 1 

Average solar irradiation and average air temperature were found to be the most important as 

they determine the energy output capacity of solar PV plant as shown in Figure 15. Secondly, 

proximity to the sea and roads and power line follow in importance as they influence the 

infrastructure cost. humidity, slope, and aspect are less important as their effect on solar PV output 

power is minimal although it is of vital importance to consider them. 

 

Figure 15. 8 by 8 Pairwise comparison matrix solar site selection. 

3.2.1. Computing Weights for Criteria 

The weights of solar PV criteria were determined using equation 3 and results are as are given 

in Table 8. The consistency ratio was calculated using equation 4. The largest eigenvalue (𝜆) was 

found to be 8.564 after performing six iterations, and the random consistency index equals 1.41 for 8 

criteria. The consistency ratio CR was found to be 0.057 (5.7%), which is acceptable. 

Table 8. Criteria Weighs for Solar Photovoltaic Site Evaluation. 

 Criterion Weight 

1 Solar irradiation 42.1% 
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2 Temperature 16.0% 

3 Slope 3.2% 

4 Aspect 2.2% 

5 Humidity 2.5% 

6 Distance from the sea 16.6% 

7 Distance from powerlines 8.7% 

8 Distance from roads 8.7% 

Eigenvalue 

Consistency ratio 

𝛌𝐦𝐚𝐱 = 8.564 

CR = 0.057 

3.2.2. Weight Overlay 

The AHP-GIS weight overlay tool in ArcGIS was used to combine all solar criteria to generate 

the overall suitability map for solar PV site selection. The criteria maps’ scales were reclassified to a 

common scale. The new scale has four classes: Class four is highly suitable, class three is moderately 

suitable, class two is barely suitable, and class 1 is unsuitable. Weight overlay is given by equation 9. 

W = ∑ Xi × Wi

n

i−0

 
(10) 

where W is the weighted overlay, n is the number of decision criteria, Xi is the normalized criterion, 

and Wi  is the respective weight of the criterion. The cell/pixel values of the raster layers are 

multiplied by their weight/percentage influence obtained by AHP analysis, and the results are added 

together to create the solar PV suitability output raster map shown in Figure 16Error! Reference s

ource not found.. 

The distribution of most suitable sites is predominantly along the western edge areas, 

particularly along the coastline. Factors such as high solar irradiance and minimal environmental or 

topographical obstacles make this area ideal for solar projects. Moderately suitable areas extensively 

cover the central and eastern parts of the region. These areas offer moderate potential for solar 

installations. 

They have excellent solar irradiance and decent land conditions, making them viable options for 

solar projects (second option). However, they might require more investment or technology to 

achieve optimal energy production compared to highly suitable areas. Barely, suitable areas are 

scattered sparsely across the map. These areas are the least favorable for solar energy projects due to 

likely suboptimal conditions, such as unsuitable slopes and distance from economic aspects. 
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Figure 16. Solar PV suitability map. 

3.3. Wind Pairwise Comparison Matrix 

The pairwise comparison matrix was generated based on the wind criteria comparison using 

Saaty’s nine-point scale, as shown in Table 9. The assigned Saaty’s points were analysed until the 

matrix was consistent (≤10%). 

Table 9. Wind criteria comparison and the assigned Saaty’s degree of importance. 

  Criteria More important scale 

i j A B A or B 1-9 

1 2 Wind speed Slope A 8 

1 3 Distance from the sea A 5 

1 4 Distance from powerlines A 7 

1 5 Distance from roads A 7 

2 3 Slope Distance from the sea B 6 

2 4 Distance from powerlines B 5 

2 5 Distance from roads B 5 

3 4 Distance from the sea Distance from powerlines B 3 

3 5 Distance from roads B 3 

4 5 Distance from powerlines Distance from powerlines A 1 

In wind site selection and suitability analysis, wind speed is the most critical criterion, followed 

by Economic criteria while topography (slope) is considered least significant as presented in Figure 

17. 
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Figure 17. A 5 by 5 pairwise comparison matrix for this Study’s wind farm site selection. 

3.3.1. Computation of Weights for the Criteria 

The weights of wind criteria were determined using equation 3 and are as given in Table 10. The 

consistency ratio was calculated using equation 4. Principal eigenvalue (λmax) was found to be 5.376 

while pairwise matrix was considered consistent only when λmax  is equal to or more than the 

number of layers examined. The random consistency Index gave 1.12 for 5 criteria. The consistency 

ratio CR was found to be 0.084 (8.4%), which is said to be acceptable. 
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Table 10. Calculated weights for wind farm site selection criteria. 

 Criterion Weight 

1 Wind speed 58.3% 

2 Slope 3.3% 

3 Distance from the sea 19.9% 

4 Distance from powerlines 9.3% 

5 Distance from roads 9.3% 

Eigenvalue 

Consistency ratio 

𝛌𝐦𝐚𝐱 = 5.376 

CR = 0.084 

3.3.2. Weight Overlay 

The AHP-GIS weight overlay tool in ArcGIS was utilized to integrate all wind-related criteria 

and produce an overall wind farm site suitability map. Each criterion map was reclassified onto a 

unified four-class scale: class four indicating high suitability, class three moderate suitability, class 

two low suitability, and class one unsuitable. The weighting calculation is detailed in Equation 9. In 

Figure 18, it is observed that the western part of the study area has extensive areas that are either 

moderately suitable or highly suitable. The central and eastern regions predominantly show barely 

suitable areas. 

 

Figure 18. Wind farm suitability map. 

A small region in the north-central part of the map is marked as unsuitable, making wind farm 

installation economically and technically unviable. Highly suitable areas found mostly along the 

coastal line correspond to higher wind speed along the coast and shorter distances to the water source 

(sea). Unsuitable area corresponds to low wind speeds less than 5.5 m/s and its positions from roads, 

sea, and power lines. 

3.4. Solar-Wind Site Overlay 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 February 2026 doi:10.20944/preprints202602.0019.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.0019.v1
http://creativecommons.org/licenses/by/4.0/


 24 of 26 

 

Solar and wind resource maps were overlaid in ArcGIS, each assigned an equal weight of 50% 

to reflect their equal significance. The resulting combined optimized map, which also incorporates 

proximity to infrastructure, is shown in Figure 19. It can be clearly shown that most suitable sites for 

solar PV and wind farm installations are predominantly located near the coast, highlighting the 

importance of proximity to the sea as a key criterion in this study. Areas classified as moderately 

suitable cover over 70% of the study region. Barely suitable zones are primarily found in the northern 

part. 

Wind and solar plants should be situated at an optimum distance from each other to maximize 

efficiency, energy production, and land use, while addressing operational considerations. These 

plants leverage complementary resources, as wind and solar energy often balance each other. When 

solar energy is unavailable, wind energy might still be accessible. Placing these plants at an optimal 

distance ensures efficient resource utilization and prevents interference. Wind turbines require space 

to avoid wake effects, and solar panels need unobstructed sunlight. By positioning them correctly, 

dual land use is possible, maximizing the available area without compromising efficiency.  

Additionally, proximity allows for shared infrastructure like roads, transmission lines, and 

maintenance facilities, reducing overall costs. Proper distancing prevents issues such as solar panel 

shading by wind turbines and ensures wind turbines do not affect each other's wind flow. 

Maintenance and monitoring operations become simpler and more cost-effective when plants are 

closed, allowing for centralized control systems and reduced travel time for maintenance crews. 

 

Figure 19. Solar PV and wind energy potential site selection and optimized classes. 

4. Conclusion 

The integration of AHP and GIS in the analysis of wind and solar site selection has proven to be 

a highly effective approach. AHP's robust framework for multi-criteria decision-making allowed for 

a systematic evaluation of all critical criteria, such as wind speed, solar radiation, land use, proximity 

to infrastructure, and protected areas. By assigning appropriate weights to these criteria through 

pairwise comparisons, AHP ensures that the most relevant factors are prioritized, resulting in a 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 February 2026 doi:10.20944/preprints202602.0019.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.0019.v1
http://creativecommons.org/licenses/by/4.0/


 25 of 26 

 

comprehensive and objective assessment of potential sites. GIS complements AHP by providing 

advanced spatial analysis and visualization capabilities. It enabled the integration and management 

of diverse spatial data layers used in this study, facilitating a holistic analysis of all relevant factors. 

The spatial analysis tools in GIS apply the weights derived from AHP to generate detailed suitability 

maps, categorizing areas into distinct classes of suitability. In this research, the analysis of the 

optimized map revealed that 20% of the area is most suitable, 68% is moderately suitable, 8% is barely 

suitable, and 4% is unsuitable for wind and solar energy projects. 

Overall, the combined use of AHP and GIS in this research has facilitated a thorough and 

nuanced analysis of potential sites for wind and solar energy projects. This integrated approach 

ensured the identification of the most viable locations, optimizing economic and technical outcomes 

by focusing resources on regions with the highest potential. This approach can be applied to other 

regions for renewable site analysis. This work contributes meaningfully to advancing Namibia’s role 

in the global transition toward sustainable, renewable energy solutions. 
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