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 Abstract: 

The aim of this study was to carry out mapping and analysis of suitable sites in Edo state where wind energy farm could be sited 

using geospatial technology, this was  achieved through the objectives of;  devising GIS based models that will provide effective 

decision support framework for evaluating wind energy farm sites,  identifying the criteria or factors that determine the suitability 

of areas to locate wind energy farm and  produce final site suitability maps for wind energy farm in the study area. The study area 

covered a total area of 19,794 Km Sq with three geopolitical zones of Edo State. The types of data used were: Satellite imageries, 

the wind speed data, Digital elevation model and map of the study area. The Landcover classification of the study area was carried 

out and mapped where thirteen suitable Landcover sites were located across ten Local Government areas which had shrub 

vegetations and barren areas. The other criteria that were mapped and buffered included: Settlements, Wind speed, Slope, Rivers, 

Roads and Transmission Lines. The results from the methodology were presented showing the thirteen locations of the Landcover 

suitability map and the final overlay map of the different suitability maps. A table was also presented to show the different criteria 

that was mapped and the requirement for suitability. Queries were carried out showing local governments with two suitable sites, 

the largest suitable sites and the area with the highest suitability. It was concluded that site suitability mapping and analysis for 

Wind Energy Farm is a significant step in harnessing the potential of wind energy in Edo state. After carrying out the study, the 

following recommendations were made which are: To carry out further research on Wind speed of the suitable areas by mounting 

wind Anemometers on the suitable areas over a longer period of time;. To harness the full potentials of Remote sensing and GIS in 

the state by creating more channels and easy access to Remote sensing and GIS data in the state; To formulate environmental 

policies that will control and regulate the requirements for siting wind energy farms in Edo State; To initiate a pilot project on 

Wind energy farm in Edo State in order to ascertain the effectiveness of the study. This research can serve as a very important 

decision making tools in the developmental trend of wind energy farm in Edo state and the nation at large.    
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I. INTRODUCTION 

 Due to the increasing population in Edo State today, 

there is an increase in the demand for electrical energy and as a 

developing society, many communities do not have access to 

commercial energy which is a big challenge to the government. 

In spite of the high level of increase in technology today, there 

are still a good number of communities without electricity 

supply. However, in recent times, there has been continual 

decline in supply of conventional energy due to the depletion of 

the national reserve, vandalism of oil and gas pipelines and the 

unrest in the Niger Delta area caused by militants who regularly 

blow up oil and gas stations and oil wells. Meanwhile the 

demand for electricity has continued to increase resulting in 

energy crisis with incessant power outages. Putting these 

challenges together shows that there is need for the government 

to explore other means of energy generation. 

 Secondly, fossil fuel has been the major source of 

commercial energy in Nigeria. Over the years, there has been 

great environmental impact resulting from the  supply and use 

of energy produced from fossil fuel which emits carbon-

dioxide(CO2)  that are  contributing to global warming and 

gradual depletion of the ozone layer. Climate change is 

unarguably one of the greatest environmental threats the world 

is facing. The impacts of disruptive change leading to 

disastrous events such as storms, droughts, sea level rise and 

floods are already being felt across the world. Emissions of 

CO2 caused by energy generated from fossil fuel and natural 

gas are the major causes of this warming (Eckaus 1994). In 

order to have a sustainable development, the government has to 

take measures to utilize the renewable energy in order to satisfy 

part of the energy demand in Nigeria. This has led to the 

interest in research in the area of Wind Energy Farm.  

  One of the major technical challenges to wind energy 

development is to locate the areas with high suitability for 

placing wind energy farms. For these reasons, the research 

problem bothers on factors, criteria, and conditions needed to 

ascertain the suitability for locating wind energy farm in the 

study area which includes; Orientation, Wind speed, 

Topography, Landuse/cover data e.t.c. 

   In the course of reviewing past literatures, it was discovered 

that none of the researchers in Nigeria carried out any multi 

criteria analysis of constraints and factors that could determine 

the suitability of wind energy farm location in Nigeria and also 

no geospatial technology approach on mapping and analysis of 

the multi criteria was carried out. 

 

II. STUDY AREA 

Edo is an inland state in southern Nigeria .It is so 

located that it forms the nucleus of the Niger Delta region. It is 

bordered by Kogi State to the North and Delta State to the East 
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and South, Ekiti and Ondo States to the West as shown in Fig. 

1.4.  It lies between   05°44′ N and 07°34′ N latitudes, 05°04′ E 

and 06°45′ E longitudes.  

 

 

Fig. 2.1 Map of Nigeria Showing Edo State, Fig.2.2 Administrative Map of Edo State with L.G.As 

 

III. METHODOLOGY  

After masking the created boundary polygon with the 

satellite imagery, the study area was classified into the various 

landcover. From the classification, some locations with lesser 

vegetation were recognised and then further digitized as 

suitable site, this digitization process is the systematic 

extraction of important features from the map to be used in GIS 

spatial analysis.  The roads, rivers, and transmission lines were 

digitized as lines and boundary was digitized as area/polygon.  

The other Landcover classification carried out are: 

Roads, River and settlements. The Road network in the study 

area was buffered at distances of 2.5km and 5km respectively 

in order to determine the areas that fall within the buffer region. 

This is to ascertain that accessibility to Wind Farm sites are not 

difficult to allow materials and staff to get to the site easily. The 

Road suitability map was further reclassified into: highly 

suitable, moderately suitable and least suitable areas. 

The settlement Landcover classification was buffered 

at distances of 2.5km and 5km to ascertain areas that fall at 

least 2.5km from settlements. This is to avoid the unpleasant 

effects of shadows from the blades of the wind turbines on 

people in the settlements and to avoid the noise of the wind 

turbine. The settlement suitability map was also reclassified 

into: highly, moderately and least suitable areas. 

The Landcover classification of Rivers was also 

buffered but at a distance of 0.5km and 2km respectively. This 

was to ascertain that the effect of flooding around the Wind 

Energy Farm during Rainy season is reduced and to avoid any 

form of water pollution by the Wind Farm. The River 

suitability map was reclassified into: highly, moderately and 

least suitable areas. Every Wind Energy Farm must have to be 

connected to a national grid, hence the wind farm ought to be at 

a distance of at least 2.5km from Transmission Lines. The 

transmission network map was buffered at distances of 2.5km 

and 5km. The Transmission suitability map was produced 

showing highly, moderately and least suitable areas. 

One of the most important criteria for siting Wind 

Energy Farm is the Wind speed criteria. The wind speed for the 

eighteen Local Government area of Edo state was interpolated 

and used to create Wind speed map. This map was reclassified 

to create a Wind Speed suitability map based on the assertion 

that a suitable Wind Energy Farm should have a Wind Speed of 

at least 5m/s to be able to generate electrical energy. The Wind 

speed suitability map was presented as highly, moderately and 

least suitable areas. 

The slope was analysed to create a slope suitability 

map which will place the site in a terrain range suitable for 

maximising the wind resource. The slope suitability map was 

reclassified into highly, moderately, least and not suitable areas. 

A general suitability map was created by overlaying 

all the buffered map with the slope and wind map. Areas that 

had between zero and two overlap were regarded as least 

suitable sites, areas that had three and four overlaps were 

regarded as moderately suitable while areas that had five and 

six overlaps were regarded as highly suitable areas. The final 

suitability level map was produced. The methodology used in 

carrying out the study is summarized in the flowchart in Fig. 

3.1. 
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Fig. 3.1: Methodology Flowchart 
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IV. RESULTS  

From the Landcover classification, thirteen (13) suitable sites were located with shrub and barren areas which could be 

used for Wind energy farm as shown in Fig. 4.1. 

 

Fig.4.1a. Landcover/Landuse Map of Edo State; Fig. 4.1b. Suitable Locations from Landcover Classification Map of Edo 

 

4.1.2 Road Buffer Analysis 

For technical and indeed commercial purposes, 

access to a road network is essential in Wind energy Farm 

modeling. This will generally mean that the site must be 

within a minimum distance from the national road network to 

allow for construction vehicles to enter the site and for 

delivery of materials and general access for supplies and staff.  

Identify all sites which are not more than 5 kilometres from 

the major road network.  The road network map was created 

from the Landcover classification. 

 

The road network map was buffered was buffered using a 

selected proximity distance of at least 2.5km and 5km as 

shown in Fig.4.2a. The areas that fell within the 2.5km buffer 

and not more than 5km buffer distance were presented as road 

network suitability map which is shown in Fig. 4.2b. 

4.1a 4.1b 
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Fig. 4.2a: Road network buffer Map Of Edo State at 2.5km and 5km; Fig. 4.2b: Road Network Suitability Map 

 

4.1.3. River Buffer Analysis 

As a potential variable affecting wind farm location, 

proximity to water courses is a minor if still relevant criterion. 

As well as lessening the risk of flooding of the wind farm 

during the winter and spring, it is important to keep the site and 

the various mechanical parts of the turbines away from water. 

For this reason and to lessen risk, albeit very minimal, of 

contamination to the water course from the wind farm, it is 

suggested a wind farm should be at least 200 metres distant 

from any water course. So in this case our next criteria, 

becomes,   identify all sites more than 500 metres to a river. 

The Landcover classification also created river network map of 

the study area. 

The river network map was buffered using a selected proximity 

distance of at least 0.5km and 2km as shown in Fig.4.3a. The 

areas that fell out the 0.5km buffer and not less than 2km buffer 

distance were presented as river network suitability map which 

is shown in Fig. 4.3b.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4.3a River buffer Map Of Edo State at a distance of 0.5km and 2k; Fig.4.3b River Network Suitability Map 

4.2a 4.2b 

4.3a 4.3b 
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4.1.4 Settlement Buffer Analysis 

Wind turbines are sited at a suitable distance away 

from dwellings in order to eliminate or reduce the unpleasant 

effect of shadow flickers on dwellers. Shadow flickers are 

created when the blades of the turbines cut through the sun’s 

rays (Talinli 2011). These recurring shadows create undesirable 

visual effects on people when they fall on inhabited structures, 

hence the need to site wind energy farms away from dwellings. 

The turbines are also sited away from towns due to noises 

created from the motion of the wind turbine’s mechanical 

components. Low frequency sounds are also generated from the 

interaction of the turbine’s blades with the airflow. For this 

project, wind energy farm sites will be more suitable at 

distances greater than 2.5 km.  

The settlement map was buffered using a selected 

proximity distance of  2.5km and 5km as shown in Fig.4.4a. 

The areas that fell outside the 2.5km buffer were presented as 

settlement suitability map which is shown in Fig. 4.4b. 

 

  Fig. 4.4a: Settlement Buffer Map of Edo State at distance of 2.5km and 5km; Fig.4.4b. Settlement Suitability Map 

 

4.1.5 Transmission Buffer Analysis 

A crucial technical consideration is the need to link up 

our renewable energy source as much as possible into the 

existing energy network. The transmission shape file for Edo 

State was collected from Benin Electricity Distribution (BEDC) 

office in Benin City which was used to create Transmission 

network map. 

The Transmission map was buffered using a selected 

proximity distance of 2.5km and 5km as shown in Fig.4.5a. The 

areas that fell within the 2.5km and not more than 5km buffer 

were presented as settlement suitability map which is shown in 

Fig. 4.5b. 

 

 

 

 

 

 

4.4a 
4.4b 
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 Fig.4.5a: Transmission Network Buffer Map of Edo State at 2.5km and 5km; Fig. 4.5b. Transmission Network Suitability Map 

 
4.1.6 Wind Speed Map 

A key criteria is the wind speed. Certain minimum 

average speeds are needed to justify the creation of a wind 

energy farm. It is essential therefore to use available estimates 

of wind speed to create a wind speed surface which can be 

queried at different heights. As stated previously the minimum 

average wind speeds needed to effectively justify a wind energy 

farm are at least 5 metres per second.  Show all locations with 

an average annual wind speed of greater 5 metres per second. 

The Wind speed map of the study area was created using the 

Wind speed data available.  The Wind speed map was used to 

produce a Wind Speed suitability map of the area from the 

available Wind Speed which is presented in Fig. 4.6. 

 
Fig.4.6: Wind Speed Suitability Map 
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4.17: Slope Suitability Analysis 
The constraint used to define the technical requirement 

for slope is,  the slope of the site should be greater than 8 

degrees but less than 15 degrees. This will place the site in a 

terrain range suitable for maximising the wind resource. SRTM 

data was used to create the slope map The SRTM data was 

analyzed using the slope spatial analysis tool on the ArcGIS 

platform to know the degree of slopes in the study area. From 

the slope map, Slope suitability map was produced as shown in 

Fig.4.7. 

 
Fig.4.7: Slope Degree Suitability Map 

 

A general suitability map was created by overlaying 

all the buffered map with the slope and wind map. Areas that 

had between zero and two overlap were regarded as least 

suitable sites, areas that had three and four overlaps were 

regarded as moderately suitable while areas that had five and 

six overlaps were regarded as highly suitable areas. The final 

suitability level map is presented in Fig. 4.8. 

 
Fig. 4.8: Final Overlay Suitability Map 

 

 

 



International Journal of Engineering Science and Computing, August 2018        18853                                                              http://ijesc.org/ 

V. CONCLUSION AND RECOMMENDATION 
Site suitability mapping and analysis for a wind 

energy farm is actually a significant step in harnessing the 

potential of Wind Energy in Nigeria at large both for 

electricity generation and irrigation purpose for agriculture. 

The study has been able to use the different criteria available 

to ascertain the suitability of potential site where Wind 

Energy Farm can be located within Edo State. The six 

criteria include: Road network, River, Settlement, 

Transmission network, Slope analysis and Wind Speed 

analysis. A final suitability map was created after the overlay 

analysis. 

This study has been able to prove that. GIS is a 

potential tool for the site suitability mapping and analysis of 

wind energy farms because of its capabilities to manage and 

analyse the volumes of diverse multidisciplinary data used in 

the application. 
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