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Abstract 8 

 9 

Nowadays, more than 620 million people in Africa live without access to electricity. Nowhere in the 10 

world is the chasm between available energy resources and access to electricity greater than on the 11 

African continent. With the exception of conventional hydropower, the share of renewable energy in the 12 

electricity mix remains insignificant, despite the considerable untapped renewable energy potentials in 13 

the region. A critical issue in the development of renewable energy sources is the cost, which is a 14 

function of the resource availability, the geographic and topological characteristics of a studied area as 15 

well as the selected energy conversion technologies. This paper applies a detailed Geographic 16 

Information Systems (GIS) approach in order to identify the cost of generating electricity using onshore 17 

wind turbines considering several localization criteria. The levelized cost of wind generated electricity 18 

is calculated geospatially and shall be used as an indicator to compare different suitable sites at the pre-19 

feasibility stage. The levelized cost of generating electricity varies between 0.04 and 0.17 USD/kWh, 20 

placing wind power in a cost competitive position in the electricity market of the continental countries. 21 

 22 
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 24 

1 Introduction 25 

 26 

According to the latest Global Tracking Framework, 65% of the Sub-Saharan African population lacks 27 

access to electricity and relies exclusively on traditional fuels in order to cover their daily energy needs, 28 

which in many cases causes harmful effects to themselves and their environment [1], [2]. Moreover, the 29 

bulk of power generation in Africa is based on fossil fuels, the combustion of which emits greenhouse 30 

gases (GHG) and worsens climate change in an already highly climate sensitive region with low adaptive 31 

capacity [3]. To illustrate, coal, gas and oil based power plants account for 77% of the total generation, 32 

while hydropower generation accounts for 16% of total generation. Other renewable energy sources 33 

hold the smallest share in the electricity generation mix, with wind power generation not exceeding 1% 34 

of the total generation [4]. 35 

The implementation of wind power systems offers a plethora of benefits, which span from contributing 36 

to economic growth through the creation of new businesses and jobs to moderating the impacts of 37 

climate change and providing access to electricity to rural communities. However, several factors make 38 

the adoption of wind power challenging. Such are its intermittent nature and the difficulty in identifying 39 

areas with economically competitive potential. Further, the heavy funding requirements for 40 

development, the subsidies on fossil fuel-based energy combined with inadequate access to finance and 41 

insufficient regulatory and institutional environments, as well as the knowledge gap on the potential 42 

benefits of renewable energy further hamper the wind power growth. To successfully harness wind 43 

power on the continent, a better understanding and enhanced mapping of the available resources is 44 

essential to help governments set and implement ambitious yet realistic targets as well as effective 45 

supporting policies [5]. These can further help address the challenge of providing sustainable, reliable, 46 

affordable and modern energy to all as the UN Agenda 2030 suggests [6].  47 

 48 
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2 Aims and objectives 49 

 50 

This analysis takes into account wind resource availability, several localization criteria regarding the 51 

siting of wind farms as well as technology costs and technical performance and losses of a wind power 52 

project. The objective of this study is to scrutinize the economic wind energy potential by estimating the 53 

spatially explicit levelized cost of wind generated electricity (LCOE) by applying a GIS based approach.   54 

3 Methodology 55 

 56 

 57 

Due to the spatial nature of wind energy and the associated infrastructure, GIS based systems should be 58 

used to carry out an assessment of the economic wind power potential on the continent. GIS enable the 59 

utilization of remote sensing data [7] to perform a spatial wind energy analysis in regions where ground 60 

measurements are not available. Moreover, GIS can be deployed to map the outputs of the analysis and 61 

communicate key indicators in an instructive manner and provide an effective science [8], [9]. 62 

Nowadays, GIS are widely adopted as a decision support tool to assist planners in locating suitable sites 63 

for wind farms in various scales; ranging from local studies [10]–[13] to national [14]–[18], and regional 64 

assessments [5], [19]. 65 

 66 

This paper builds on two published studies conducted by the authors. More specifically, this case study 67 

constitutes:  68 

 69 

 a continuation of the assessment of the technical wind power potential on the African continent 70 

[1] and  71 

 an application of the methodology developed for the techno-economic wind power assessment 72 

in India [20].  73 

 74 

The key methodological steps implemented in this analysis are briefly outlined in this section and 75 

explained in detail in [20].  76 

 77 

3.1 Geographic potential  78 
 79 

To begin with, the geographic wind energy resource potential of the continent is estimated using socio-80 

economic and geographic datasets (restricted or excluded areas) to minimize possible ecosystem and 81 

biodiversity losses during the life cycle of a wind farm project. These include water bodies, protected 82 

areas, forest areas, high elevation areas, highly urban built-up areas, sloped areas, agricultural zones. 83 

The data were processed spatially and several GIS layers were developed. By analysing and 84 

superimposing each layer, the suitable locations for wind power exploitation were identified. These are 85 

delineated and presented in [1]. In total 24.4% of the total of land area is considered available for the in 86 

depth wind energy assessment of the continent.  87 

 88 

 89 

3.2 Technical potential 90 
 91 

This potential is further restricted to the technical potential after accounting for technical parameters, 92 

siting criteria and resource availability. GIS data of global mean annual wind speeds at 50 m height and 93 

5 km spatial resolution were obtained by IRENA’s Global Wind Atlas based on ten years of hourly data 94 

provided by NASA and validated against ground measurements [21], [22]. The estimation of the energy 95 

potential in each grid cell necessitates the wind speed probability distribution, i.e. the recurrence 96 

frequency of a specific wind speed given at a specific site [23]. In this study, wind speed is assumed to 97 
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be distributed following the Rayleigh probability density function, which coupled with the power curve 98 

of a selected wind turbine model provides the potential wind energy yield [23].  99 

 100 

The topology of each grid cell should also be taken into account in order to assign an incremental capital 101 

cost in locations with specific characteristics. For instance, development costs are in general greater in 102 

forest covered areas, than elsewhere, as trees have to be cleared for developing a wind farm. In this study 103 

though forested areas are excluded from the overall analysis since forestry increases turbulence and 104 

wind shear; hence, the turbine loading increases and the design conditions might be exceeded [5], [24]. 105 

Another parameter that the developer should consider is the existence and the quality of the road 106 

network. It should be evaluated whether it is plausible to transport wind monitoring equipment to the 107 

site through the existing road network or it is required to upgrade the existing network or construct new 108 

roads to ensure the completion of the wind power project [25].  109 

 110 

On the contrary, there are some land cover types, such as cropland and rangeland, which constitute a 111 

better fit for wind energy development. According to [26], the cost of road construction cost as a share 112 

of the total cost of the project ranges between 1-5%, while the cost of foundation ranges between 1-9% 113 

depending on the nature of the soil.  114 

 115 

Proximity to road network and land cover type form the topological factor. This is calculated in a GIS 116 

environment, using the Euclidean distance and Raster calculator tools to assign 1 to 5% additional costs 117 

to areas that are far from the existing road network. Similarly, 1-9% are added for different land cover 118 

types. This step constitutes an enhancement of the previously developed methodologies by the authors 119 

[5], [20]. 120 

 121 

In this analysis, two different wind turbine models are used; Vestas V44 (600 kW nominal capacity) and 122 

V112 (3 MW nominal capacity) [26],[27] with a spacing factor of approximately 5 MW per km2 [5]. 123 

The selection of the model depends on the connection characteristics of a given location. Wind turbines 124 

can be connected to the supply systems through low, medium, high voltage as well as extra high voltage 125 

system. The appropriate voltage level depends on the amount of generated power. For instance, for large 126 

wind farms, high voltage overhead lines are normally utilized, while smaller wind turbines can be 127 

connected to the low and medium voltage network [30]. The GIS based model developed in this study 128 

allows larger wind turbines to be installed in areas with a certain proximity to the transmission network 129 

The larger wind turbines are connected to MV lines, the length of which may reach 50 km [31].. The 130 

smaller turbine shall be introduced in areas that are far from the transmission grid1 and are meant to 131 

supply electricity in rural areas as part of mini grid systems [32].  132 

 133 

3.3 Economic potential  134 
 135 

Ultimately and after considering the overall technical losses2 [5] and the topology of each grid cell, the 136 

spatial LCOE is estimated in each grid cell that designates a suitable location for wind power 137 

installations. The LCOE (in USD/kWh) by a specific source represents the overall cost of electricity 138 

given by a power plant throughout its life time [17]. LCOE is considered a comprehensive metric that 139 

can be easily communicated to and understood by decision makers and energy planners. The following 140 

formula is applied throughout the studied region taken all the above stated geographic limitations and 141 

technical characteristics into account.  142 

                                                      
1. 

2 The overall losses include array losses, mechanical and electrical losses and the down-time of the wind farm 

(wind farm availability factor) and reach ca 20% [33].  
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 143 
Equation 1 144 

𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝐿𝐶𝑂𝐸 =  
∑

𝐼𝑡 ∗ (1 + topology factor) + 𝑂&𝑀𝑡 + 𝐹𝑡

(1 + 𝑟)𝑡
𝑛
𝑡=1

∑
𝐸𝑡

(1 + 𝑟)𝑡
𝑛
𝑡=1

 145 

 146 

where, n is the lifetime of the wind power system (in years) 147 

It  is the investment cost for a power plant in year (t) (in USD) 148 

O&Mt are the operating and maintenance costs (in USD/kWh) in year (t) 149 

Ft is the fuel expenditures (in USD/kWh) in year (t) 150 

Et is the electricity generated (in kWh) in year (t) 151 

r is the discount rate (in %). 152 

 153 

In this analysis, we used the following values: Lifetime of wind power system equal to 20 years [27], 154 

Investment cost equal to 1,450 – 2,500 USD/kW of installed power (large vs small wind turbine) [34], 155 

operating and maintenance costs are set to 0.015 USD/kWh of wind electricity generated over the total 156 

lifetime of a turbine [27], discount rate stands at 8% [35], fuel expenditures are set to zero.   157 
 158 

4 Results  159 

 160 

The results of the levelized cost of wind generated electricity are presented in Figure 1 (in 5km 161 

resolution) taking into account the ultimate suitability map and areas that indicate a capacity factor3 162 

greater than 20% [5], [37]4. The GIS analysis indicates that wind electricity can be generated at a cost 163 

that varies between 0.04 and 0.16 USD/kWh considering the selected wind turbine models across the 164 

continent. This sets wind power in a cost competitive position as these costs are comparable with the 165 

present cost of generating electricity on the continent (ranges between 0.02 and 0.16 USD/kWh [38]).  166 

 167 

It is noteworthy that not only the wind resource regime but also the spatial characteristics of an area 168 

influence the cost of wind generated electricity. Areas with high wind resource regime and close to the 169 

transmission and road network indicate lower LCOE as opposed to remote areas with similar resource 170 

availability.  171 

                                                      
3 The capacity factor of a wind turbine is the ratio of the wind turbine’s actual power output in a given period 

divided by its power output if the turbine were to operate the entire time at its nominal power. The capacity factor 

is a performance metric of a wind farm and it is used to compare different sites before proceeding to the 

development of a wind farm [36].  

 

 

4 The LCOE dataset can be found here: https://github.com/Dimitrismentis/Wind-LCOE-Africa 

 

https://github.com/Dimitrismentis/Wind-LCOE-Africa
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 172 
Figure 1: Spatially explicit levelized cost of wind generated electricity in Africa – V112 turbines for locations 173 
close to the Transmission Network, V44 turbines for locations more than 50 km away from the Transmission 174 
Network 175 
 176 

The map provides an illustrative indication on the spatial distribution of the wind generated LCOE on 177 

the continent. A spatial analyst tool in GIS environment (Zonal Geometry) is used to extract relevant 178 

information from the given map and provide a summary of the suitable areas per LCOE class (see Figure 179 

2). Approximately 2.9 million km2 indicate LCOE figures less than 0.17 USD/kWh; for the majority of 180 

these locations (81.5%) LCOE ranges between 0.04 and 0.1 USD/kWh. The following graphs highlight 181 

the influence of the location in the turbine model selection and hence in the overall costs. About 79% of 182 

the suitable locations are covered by the larger turbine, which justifies the lower LCOEs in the largest 183 

part of the suitable areas.  184 
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 185 

 186 

 187 

 188 

Figure 2: Area for each spatial wind generated LCOE class for the two selected wind turbine models  189 
 190 

 191 

5 Discussion and conclusions 192 
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This case study presents a techno-economic assessment of the wind power regime in Africa. This 195 

constitutes an initial effort made in order to consider the economic dimension of wind power 196 

development and evaluate the viability of wind farms by estimating spatially the overall generation cost. 197 

The suggested GIS based approach facilitates the selection of candidate wind farm sites in an efficient 198 

and systematic way. The results are consistent with the LCOE figures of the actual projects installed in 199 

2013 and 2014, which range between 0.05 to 0.15 USD/kWh [39]. 200 

The outputs of this study should be perceived as indicative since critical issues regarding wind power 201 

development -such as wind power curtailment, energy storage advancements, improved available data- 202 

remain to be addressed[40], [41]. It should therefore be emphasized that this analysis serves as a 203 

preliminary pre-feasibility exercise to classify the most economic locations to install wind farms. 204 

However, this pre-screening shall be used by policy makers, energy planners and practitioners to assess 205 

the degree that wind power could be exploited in the region. The performed analysis brings the vast 206 

undeveloped wind power in Africa quintessential in discussions about providing access to modern 207 

energy services in a sustainable manner.  208 

As a logical next step, it is recommended that a sensitivity analysis is carried out to assess how a change 209 

in certain inputs (such as an expanded transmission network or a change in wind resource availability) 210 

might influence the output of the analysis. Moreover, the outputs should be used to carry out a grid 211 

parity analysis5, in order to identify the locations where wind generated electricity is economically viable 212 

compared to the local grid electricity cost [42]. To do so, the external costs of electricity generation, 213 

which include the costs associated with health and environmental damages caused by emitting 214 

pollutants, should be accounted for [43]. Finally, other energy resources (such as solar and hydropower) 215 

as well as spatially explicit demand related parameters (such as population density and distribution) 216 

should be studied thorough to assess the viability of wind power in certain areas.  217 
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