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Abstract 
As the global transition toward renewable energy continues to gain momentum, the systematic selection 
of appropriate sites for biogas power plants has become increasingly important in supporting 
sustainable energy generation and minimizing reliance on traditional electricity sources. Openly 
accessible remote sensing data have been used in a number of studies on determining suitable location 
for siting biogas powerplant. However, there is a lack of study that utilize these data to assess the scale 
of biogas power plant which have impact on the power generating capacity. Considering the size of the 
biogas power plant, this study investigates the challenge of assessing ideal sites for biogas power plants 
that use domestic animal ruminants and manure as feedstock, in Gwale, Fagge, and Dala Local 
Government Areas of Kano State, Nigeria. To handle this complicated multicriteria decision-making 
problem, GIS techniques and multicriteria decision aid were employed, taking into account both 
constraints and a range of environmental, economic, safety, and social factors such as proximity to 
biowaste sources, Land use and land cover, slope, proximity to road, distance from water bodies. The 
data used for this study were Satellite image (land sat 9 of 2025), Digital Elevation Model, biowaste 
source’s locations, Road and waterbodies Shape files. Maximum likelihood classifier was utilised for the 
classification of Landsat 9 into five classes (built up, vegetation, bare surface, farmland and waterbody) 
to obtain Land use landcover of the study area. Digital Elevation Model was used to generate slope of 
the study area using slope tool in ArcGS. Biowaste locations, Road, and Waterbodies data were used to 
generate thematic layers (such as proximity to biowaste, proximity to road and distance from 
waterbodies, respectively) using Euclidean distance method in ArcGIS. Analytic Hierarchy Process 
was utilised to rank the thematic layers (factors) according to their importance.  To select the suitable 
location of biogas power plant, Weighted Overlay technique (MCDA method) in ArcGIS was used. 
Following the integration of all thematic layers, a final suitability map was produced to evaluate 
potential locations for biogas power plant development. The analysis revealed that the most suitable 
sites were concentrated in the Gwale, Dala, and Fagge Local Government Areas of the study area, 
depending on the scale of the biogas facility. The findings reveal that, more than twenty biogas power 
plants that utilize animal waste can be established with a total capacity of 55MW. The result also shows 
that the most suitable sites at Gwale and Fagge has the potential to install a large and medium scale 
biogas power plant that would generate 1-10 MW and 100KW-1MW of electricity from the generated 
waste. Based on this findings, establishing biogas power plants might drastically reduce the reliance on 
conventional electricity.  
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INTRODUCTION 
All over the world, the demand for renewable energy source (s) are well acknowledged for 
their efficiency, affordable, and ecologically safe. The United Nations Sustainable 
Development Goals (SDGs) were established to promote sustainable development by 
providing cost-effective and clean energy to everyone, as well as to significantly increase the 
amount of energy derived with renewable energy sources at the regional and global levels. 
As the global trend continues to advocate for a shift from fossil fuels to renewable energy (RE) 
sources for a variety of socioeconomic and environmental reasons, developing countries will 
be forced to embark on projects that use biomass for energy production (Chukwuma and 
Orakwe, 2014). Municipal wastes are often poorly handled, particularly in developing nations, 
because towns and municipalities are unable to keep up with the rapid pace of solid waste 
generation. Africa's developing countries face the same issues. The large population generates 
significant amounts of solid waste, which primarily consists of decayed organic substances. 
For example, the decomposable organic waste was 61% in Ghana (Miezah et al., 2015), more 
than 50% in Ethiopia (Ali et al., 2023). But merely the method to dispose the waste cannot 
handle the immense amount of waste, some other inventive strategy is also important 
(Dhokhikah and Trihadiningrum, 2012). Biogas, or bioenergy derived from biomass, provides 
various benefits over other types of renewable energy (Asai et al., 2019). Therefore, in order to 
keep up with global trends, developing countries must adopt and switch to biogas technology. 
Most nations have taken steps to attain this aim by developing biogas energy facilities. 
 
Nigeria is one of the African nations whose power demand surpasses its production capacity, 
while having between 45 and 55 percent decomposable organic waste (Okakwu et al., 2022). 
There are three main power plants located in Kainji, Jebba and Shiroro, in Niger state (912.14 
MW total generation capacity, 50% peak electric consumption) (Okakwu et al., 
2022).  Whenever one of these power plants ceases to generate adequate electricity, the 
northern states experience significant power outages. During the last blackout between 13th 
and 16th October 2024, it took more than 50 hours to restore electricity and it is the 6th in 2024. 
The total energy produced in Nigeria is less than 5000 megawatts (Ogujor, 2017). The 
electricity sector in the region is characterized by frequent instability, coupled with a steady 
annual increase in electricity demand of approximately 24,000 MW (Okpare & Okreghe, 2020). 
Integrating biogas power plants into the regional energy mix could help address these 
challenges by strengthening electricity generation capacity, enhancing energy independence, 
creating jobs, and encouraging the sustainable utilization of previously abandoned land. 
 
Gwale Fagge and Dala L.G A (the study area) are among the highest waste generating regions 
in Kano state, Nigeria, due to their high population, the presence of abattoir, and the large 
number of domestic animals reared and sold there. A preliminary analysis of the numerous 
poultry farms and abattoirs in the research region reveals that considerable quantities of bio-
wastes are produced everyday across farms and abattoirs in the study area. The disposal of 
bio-waste causes severe environmental risks. Similar to this, most abattoirs allow their bio-
waste to build up and dispose of it without taking into account its economic worth, which has 
led to environmental contamination and underutilization of this abundant energy source. 
These wastes' effects on land and water highlight the necessity of suitable methods for 
effective waste collection and management in public slaughterhouses, farms, and 
surrounding areas in general. This will address a number of issues, including the creation of 
offensive odors and waterway pollution. One important strategy for mitigating some of the 
environmental problems caused by the generation of bio-waste is the strategic placement of 
biogas facilities. 
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The availability of significant feedstocks is critical for determining the viability of developing 
biogas-based power plants. The availability of bio-waste feedstock in a given location is 
mostly determined by the livestock population and farm density; bio-waste sources may be 
widely dispersed or concentrated in a region. Assessing the spatial distribution of livestock is 
fundamental to determining the availability of feedstock resources necessary for sustainable 
biogas production (Scarlat, 2018). As a result, land suitability maps constitute an essential 
component of site-selection processes, providing a framework for identifying optimal 
locations and guiding future biogas power plant development (Asai, 2019), Because farms are 
highly spatially dispersed, implementing geospatial technologies such as Remote Sensing and 
GIS for addressing the problem proves to be a viable option (Sultana and Kumar, 2012). Multi-
Criteria Decision Aid (MCDA) in GIS is thus essential in determining the optimal location of 
biogas power plant for a sustainable waste management. 
 
A number of researches have been done to assess and analyse the suitable location of biowaste 
disposal site and biogas power for energy production using Remote sensing and GIS in 
Europe, Asia, Africa and other parts of world. In Bangladesh for instance, Akther et al. (2018) 
identified suitable locations for municipal waste-based biogas digesters in Dhaka North City 
Corporation using GIS and the Analytical Hierarchy Process (AHP), with the aim of 
establishing a distributed energy network capable of enhancing power system stability. In 
Nigeria, Umar and Ali (2019) applied an innovative GIS-based MCDA framework to 
determine appropriate sites for solid waste disposal within Kano Metropolis, Kano State. 
Similarly, Chukwuma et al. (2020) combined GIS, MCDA, and AHP to evaluate bio-waste 
resources and identify suitable locations for biogas plants in Anambra State, Nigeria. Building 
on these approaches, Nantasaksiri et al. (2021) integrated GIS with multicriteria decision-
making techniques to assess suitable areas for Napier grass-based biogas power plants in 
southern Thailand. Likewise, Dima et al. (2022) employed GIS and MCDA methods to 
evaluate the feasibility of biogas production in the Central African Republic. In a related 
application, Attia et al. (2022) utilized GIS and MCDA to identify suitable locations for small-
scale irrigation development in Mali, highlighting the versatility of these tools for spatial 
planning and resource management. More recent studies have further expanded the 
application of geospatial decision-support techniques in renewable energy planning. 
Moltames et al. (2025) assessed potential sites for biogas production plants utilizing domestic, 
agricultural, and livestock wastes, while Kaynak and Gumus (2025) estimated biogas 
production potential through geospatial decision-making methods. Similarly, Boonman et al. 
(2025) conducted a spatial multicriteria land suitability analysis to identify appropriate 
locations for community-scale biomass power plants. Collectively, these studies demonstrate 
the growing adoption of GIS-based MCDA approaches for evaluating site suitability in biogas 
and biomass energy projects across diverse geographical and socio-economic contexts. 
 
It is evident from previous studies (Boonman et al., 2025; Kaynak and Gumus, 2025; Dima et 
al., 2022; Akther et al., 2018; Moltames et al., 2025; Nantasaksiri et al., 2021; Attia et al., 2022; 
Chukwuma et al., 2020; Umar and Ali, 2019) that considerable attention has been devoted to 
the integration of Geographic Information Systems (GIS) and Multi-Criteria Decision Analysis 
(MCDA) for identifying suitable locations for waste disposal facilities and, more recently, 
biogas power plants. These studies have significantly contributed to improving spatial 
decision-making processes in renewable energy planning. However, most of the existing 
research primarily focuses on determining general suitable locations without adequately 
considering the varying sizes and capacities of biogas power plants, which directly influence 
energy generation potential, land requirements, feedstock demand, and operational efficiency. 
Thus, this study lies in its emphasis on evaluating site suitability based not only on spatial 
appropriateness but also on the scale and capacity of biogas power plants. Unlike previous 
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studies that treat biogas facilities as uniform entities, this research recognizes that different 
plant sizes require different quantities of feedstock, land area, transportation networks, and 
infrastructural support. Since vacant land suitable for energy infrastructure is spatially 
distributed and often fragmented, incorporating plant size into suitability assessment 
becomes essential for realistic and sustainable planning. This approach provides a more 
practical framework for decision-makers by aligning available land resources with the 
operational requirements of small-, medium-, and large-scale biogas power plants. 
 
In addition, this study introduces a localized and sustainability-oriented perspective by 
focusing specifically on Gwale, Dala, and Fagge Local Government Areas of Kano State, 
Nigeria. The study integrates animal dung availability as the primary feedstock source, 
thereby addressing both renewable energy generation and organic waste management 
simultaneously. By incorporating factors such as feedstock distribution, transportation 
distance, project cost, carbon dioxide (CO₂) emission reduction potential, and operational 
duration into the suitability analysis, the research goes beyond conventional spatial analysis 
and adopts a more comprehensive decision-support framework. Hence, the study contributes 
to the growing body of knowledge on renewable energy transition in developing regions by 
demonstrating how GIS-MCDA techniques can be adapted to support decentralized 
bioenergy planning in densely populated urban environments. The consideration of feedstock 
accessibility and plant-size optimization offers a strategic pathway for enhancing energy 
production efficiency while minimizing environmental and economic costs. Therefore, this 
research provides an important advancement in biogas power plant siting methodology and 
serves as a valuable tool for urban planners, policymakers, environmental managers, and 
renewable energy investors seeking sustainable energy solutions in Nigeria and similar 
developing economies. Therefore, the specific objectives are to (a) Generate Thematic layers 
for Biowaste sources, Roads, and Waterbodies of the study area, (b) Generate LULC 
classification and slope of the of the study area, (c) Determine suitable sites and sizes for 
biogas power plants in the study area. 
 
METHODOLOGY  
Study area, Site selection and Criteria 
Geographical extent of the study area 
The study area includes Gwale, Dala and Fagge LGA’s of kano state, Nigeria, and they are 
located between latitudes 11° 57′ 30″ and 12° 2′ 30″ North of the equator and longitudes 8° 30′ 
00″ and 8° 30′ 32″ East of the Greenwich Meridian. They are surrounded to the South and west 
by Kumbotso, and to the North and East by Tarauni local government area of kano state. The 
area has an estimated land area of 58.015027km2. the study area, are depicted in Fig. 1. Tropical 
Savanah climate prevails in study Area, the wet and summer seasons. The mean annual 
temperature varies from 12 to 39°C. The area is densely populated and contributes 
significantly to Kano state's biowaste production. Fig. 1 depicts the study area. 
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Fig 1. Study area Map (Gwale, Fagge and Dala)  

 
Site selection 
Site selection for biogas plants in urban settings is a complex process that demands thorough 
analysis and planning. To ensure sustainable development, proposed locations should adhere 
to applicable government policies and regulations while minimizing adverse economic, 
environmental, public health, and social consequences. In metropolitan areas, biogas power 
plants must be established in areas without high ecological value for waste conversion into 
biogas energy generation. 
 
To determine locations with strong biogas potential and identify the most suitable sites for 
biogas power plants, the study evaluated the biogas production capacity of the area based on 
livestock waste generation. The analysis focused on waste from cattle, sheep, goats, and 
abattoirs, while also considering factors such as transportation costs and the availability of 
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raw materials. Four major steps were followed in developing the site suitability map for the 
bioenergy plant:(1) identifying the relevant factors required for the analysis, (2) creating land 
suitability maps using different evaluation criteria; (3) assigning priorities and weights 
(ratings) to each factor and parameter, and (4) determining the most suitable locations for 
establishing the bioenergy plant. 
 
Criteria Used 
In this research, the criteria are defined in three dimensions as identified by experts: The 
selection of a biogas plant site involves three key dimensions: environmental, economic, and 
social/safety dimensions. From an environmental perspective, the plant should be located far 
from sensitive biophysical features such as water bodies and ecologically or agriculturally 
valuable areas to minimize contamination risks and protect the natural environment. Land 
use, land cover, and patterns of occupancy must also be carefully assessed to reduce negative 
impacts and potential conflicts with existing activities. Economic factors are equally important 
in determining site suitability. Accessibility to road networks and the slope of the terrain play 
a major role in ensuring the feasibility and cost-effectiveness of plant construction and 
operation. In addition, biogas plants can significantly affect nearby communities due to issues 
such as odour, noise, safety concerns, visual impact, possible health risks, and potential 
reductions in property value. As a precautionary measure to reduce potential conflicts with 
surrounding land uses, biogas plants should be established at adequate distances from 
residential, commercial, and industrial zones. In line with expert recommendations and 
previous studies, five criteria factors were selected for the present analysis (Table 1) (Silva et 
al., 2014; Chukwuma et al., 2020).  
 
Factors including biowaste, road networks, land use/land cover (LULC), water, and slope 
were taken into account. As the majority of the criteria considered in this study are 
quantitative and distance-dependent, most of the resulting thematic maps were developed 
using distance-based analyses. Only two criteria, namely land use/land cover (LULC) and 
slope, were treated as qualitative variables. Given the subjective nature of qualitative 
assessments, these criteria were transformed into standardized suitability classes using 
expert-derived rating scales, consistent with methodologies reported in the literature (Sener 
et al., 2011; Silva et al., 2014; Chukwuma et al., 2020). The economic framework adopted in this 
study is founded on the premise that greater profitability can be achieved by minimizing the 
costs associated with biogas power plant development and operation. The economic factors 
examined in this study include access road and biomass source (Table 1). 
 
Table 1: Criteria 

S/NO CRITERIA SUB-
CLASS 

SUITABLE NOT-
SUITABLE 

SOURCE 

1 Proximity to 
biowaste  

 1Km and 
below 

Above 1km Chukwuma et al. (2020) 

2 Slope   2.5˚-15˚ Less than 2.5˚ (Silva et la., 2014; 
Chukwuma et al., 2020)  

3 Proximity to Road  Less than 70m Greater than 
70m 

(Silva et al., 2014; Sener et 
al., 2011) 

4 Distance from water 
bodies 

 150m and 
above 

Less than 
150m 

Silva et la. (2014) 

5 LULC Built-up  Not-Suitable Sener et al. (2011) 
  Vegetation Suitable   
  Water 

bodies 
 Not-Suitable  

  Bare 
Surface 

Suitable   

  Farm land  Not-Suitable  
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Materials and Method  
There are many livestock farms, livestock selling spot and abattoir in the region. Therefore, 
For this study, we focused only on animal dung and abattoir waste, simply because they're 
the most abundant and readily available types of bio-waste. 
 
Data types and sources 
This study utilized several types of data, including Landsat 9 satellite imagery (2025), 
biowaste location data, a Digital Elevation Model (DEM), road network data, and information 
on water bodies. Primary data on biowaste locations were gathered through field surveys by 
visiting agricultural livestock farms and slaughterhouses within the study area to evaluate 
their biomass potential. In addition, Landsat 9 imagery and the DEM were sourced from the 
United States Geological Survey (USGS). The road network and water bodies within the study 
area were digitized from Google Earth Pro imagery, while administrative boundary data were 
sourced from Diva-GIS. The Landsat 9 dataset offers a spatial resolution of 30 m for 
multispectral imagery and 15 m for the panchromatic band, whereas the DEM data are 
available at a raster resolution of 100 m. 
 
Data Collection Techniques 
During the field survey, we used a GPS hand held device to record the exact coordinates of 
livestock selling points and slaughterhouses. This allowed us to geocode these locations for 
GIS analysis and ground-truthing. 
 
Data Processing and Data analysis 
Image pre-processing 
Satellites images are subject to atmospheric and geometric effect due to the interaction of 
electromagnetic energy with atmospheric particles. The satellite image obtained was on Level 
1, which means that it was geometrically corrected but not atmospherically and 
radiometrically corrected, the important atmospheric and radiometric corrections applied in 
this study included internal calibration, atmospheric correction, and adjustments for sun 
elevation. Hence the image was corrected by converting the digital number (the raw image) 
into reflectance using the measurement of radiation reflected back to the sensor from the earth 
surface. This was achieved using a raster calculator in Arcgis 10.8 software.  
 
Data processing 
Data processing was carried out using the pre-processed (corrected Landsat 9) image for the 
LULC classification. The land sat 9 image comes in 11 different bands, ranging from visible 
(Red, Green and Blue), Near infrared (NIR), Shortwave Infrared (SWIR), thermal bands etc. 
Each of these bands has a specific information it carried. To improve the visibility and 
discrimination of the features on the image, a composite image was created from the Landsat 
9 imagery and subsequently classified to identify the various land-use types within the study 
area using the Maximum Likelihood Supervised Classification algorithm available in ArcGIS 
10.8 software. The slope layer was generated from the Digital Elevation Model (DEM) through 
spatial analysis using the Slope function in the Spatial Analyst Tool of ArcGIS. In addition, 
the location of livestock centres within the study area were compiled and processed, to 
generate a thematic layer. About seven (7) livestock centres were identified as sources of bio-
waste. The thematic maps for the proximity to biowaste, distance from residential area, 
distance from water bodies and proximity to road were generated and reclassified using 
Euclidean distance and reclassify tools, overlaid and visualized based on the suitability 
analysis carried out in ArcGIS 10.3 software of ESRI.  
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Data analysis 
GIS-based thematic maps such as the administrative boundary, proximity to road networks, 
land use/land cover (LULC), slope, distance from water bodies, and proximity to biowaste 
sources were used in developing the suitability map. The Analytic Hierarchy Process (AHP) 
was employed to assign weights to the selected criteria based on their level of importance 
through a pairwise comparison approach. Furthermore, the Weighted Overlay tool in ArcGIS 
was applied to combine the raster datasets using criteria weights and a standard measuring 
scale in accordance with their significance. Suitable locations for biogas power plants were 
identified with the aim of avoiding environmentally sensitive or unsuitable land features, 
including surface water bodies, wetlands, forests, public lands, steep slopes, and densely 
developed residential areas. The slope of the region was calculated using percentage increase 
ranges of about 0% to 89.99%. Areas with acceptable slopes of 15% or less were considered 
suitable, whereas slopes greater than 15% were excluded, as stated by Chukwuma et al. (2020). 
The GIS overlay analysis took into account environmental, social, and economic elements to 
create the final suitability map. To create an economic suitability map, the road was weighted 
at 85% and the slope at 15%. Proximity to the road network was assigned a higher weight than 
slope because road accessibility has a direct and continuous influence on the operational costs 
of a biogas power plant. While terrain slope primarily affects the initial installation of grid 
infrastructure and therefore represents a fixed cost, transportation activities associated with 
biomass collection, loading, and unloading generate recurring operational expenses 
throughout the plant’s lifespan. Consequently, locating the facility closer to existing road 
networks can significantly reduce logistics and transportation costs, thereby enhancing the 
economic viability of the project. This prioritization is accordance with previous studies 
(Sultana and Kumar, 2012; Kaundinya et al., 2013). The relative importance of each criterion 
compared to another was rated using a scale ranging from 0 to 9. These assigned values were 
subsequently incorporated into the pairwise comparison matrix presented in Equation (1).  

M = [

1 𝑐₁₂ . 𝑐₁ₙ
𝑐₂₁ 1 . 𝑐₂ₙ

. . 1 .
𝑐ₙ₁ 𝑐ₙ₂ . 1

] (1) 

 
In the equation, n stands for the number of criteria, and Cxy indicates how much more 
important criterion x is compared to criterion y. The reverse comparison, Cyx, is simply the 
reciprocal, or 1 divided by Cxy. To get each Cxy value, we took the average of the pairwise 
importance ratings from experts and then rounded to the nearest whole number. From there, 
we calculated the weight of each criterion (wx) by finding the eigenvector of the matrix M. 
To check if these weights are reliable, we used the consistency ratio (CR). If the CR is less than 
10%, the matrix is considered consistent enough (Saaty, 2008). But if it's above 10%, the 
judgments are seen as inconsistent, and the pairwise importance scores need to be revised. 
The CR is simply the ratio of the consistency index (CI) to the random index (RI), expressed 
as: 

𝐶1 =
(𝜆𝑚𝑎𝑥) − 𝑛

𝑛−1
  (2) 

 
Here, n is the size of the matrix (so n by n), and 𝜆𝑚𝑎𝑥 is the largest eigenvalue. The consistency 
ratio (CR) is then expressed as:  

𝐶𝑅 =  
𝐶𝐼

𝑅𝐼
 (3) 

 
The Random Index (RI) with a 5 × 5 pairwise comparison matrix proposed by Saaty (2008) 
was adopted. Following the determination of the relative weights of the evaluation criteria, 
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the suitability map was generated by computing the Suitability Index (SI), as expressed in 
Equation (4). 
𝑆𝐼 = ∑ 𝑤𝑥

𝑛
𝑖=1 𝑎𝑥, (4) 

 
From the equation 4 above, (wx) represents the weight assigned to criterion x, while (ax) 
denotes the classification level of the same criterion. The symbol n refers to the total number 
of sub-criteria considered in the analysis. For the land suitability assessment, five thematic 
layers representing the selected sub-criteria were developed. The Euclidean Distance 
technique was applied to determine the distance from each point of interest across the study 
area. Since the resulting distance values were continuous, the processed maps were 
reclassified into five suitability categories for easier interpretation, where Class 1 represented 
“not suitable” areas and Class 5 represented “highly suitable” areas. The constraints for each 
criterion were established based on expert recommendations, Nigerian regulations, and 
relevant literature in order to minimize possible impacts on The economy, the environment, 
and human health. The final land suitability map was generated using the Weighted Overlay 
function in ArcMap 10.3.1, where all five thematic layers were overlaid and each raster input 
value was multiplied by its assigned weight in accordance with Equation (4). The resulting 
suitability map therefore reflected the combined environmental, social, and economic criteria 
considered in the study. The overall methodology adopted for this research is illustrated in 
Fig. 2 below. 
  

 
Fig. 2. The flowchart of the methodology  

 
Results and Discussion 
This research aimed to assess site suitability and determine the most appropriate locations for 
the installation of biogas plants in the Dala, Gwale, and Fagge Local Government Areas of 
Kano State. Findings from waste generation assessments confirmed the potential for 
electricity production through biogas power plants in the study area. To evaluate site 
suitability for biogas plant installation, three major factors were considered: environmental, 
social, and economic factors. Based on these factors, criteria-based constraint maps were 
developed. Both vector and raster data models were created for the GIS analysis, and all vector 
datasets were converted into raster format to facilitate the suitability assessment for biogas 
power plant development. The analysis involved the use of Euclidean distance techniques for 
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proximity and distance evaluation of the selected criteria. In addition, slope analysis and map 
reclassification conducted to evaluate the physical and land-use characteristics of the 
surrounding environment. The combined analysis of all criteria produced the final suitability 
map, which identified the most appropriate sites for the establishment of biogas power plants. 
 
Biowaste thematic layer  
Biogas plant installation takes into account biowaste production potential, availability, and 
density. Fig 3a. Shows the proximity of biowaste locations that were digitized and analyzed 
to save transportation costs. The thematic map was divided into five (5) categories: high 
suitable, suitable, low suitable, very low suitable, and not suitable, indicating locations with 
high suitability, low suitability, and non-suitability for establishing a biogas power plant. 
Furthermore, The spatial distribution of the different bio-waste communities is crucial for 
mapping the biowaste resource. therefore, the spatial distribution of biowaste locations using 
nearest neighbour analysis based on the Euclidean distance method (Table 2) revealed that 
the biowastes are clustered at the 0.01 significance level (Fig. 3c), implying that the biowaste 
is concentrated in one region of each local government area. Fig. 3b depicts a study area's 
biowaste point density at a radius of 0.000910m. Fagge features a high biowaste density, 
indicating that biowaste is readily available in the Fagge LGA. However, Dala and Gwale had 
a lower point density of feedstocks, indicating a shortage of biowaste in those regions (fig. 3b). 
 

 
Fig 3. Proximity to Biowaste location(a), Biowaste Point density(b), Nearest Neighbour Analysis (c) 
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Table 2: Average Nearest Neighbour Summary 
Average Nearest Neighbor Summary 

Observed Mean Distance 22.7467Metres 

Expected Mean Distance 556.9583Metres 

Nearest Neighbor Ratio 0.040841 

Z-score -4.854791 

P-value 0.000001 

 
The high availability of biowaste in Fagge can be attributed to the large number of biowaste-
generating communities within the area, largely due to the presence of abattoirs and cattle-
rearing centres. As a result, the area possesses the highest waste generation potential among 
the study locations. A greater concentration of biowaste-producing communities within a 
local government area suggests improved biowaste availability and accessibility, thereby 
increasing the suitability of such areas for the establishment of bioenergy plants. In addition, 
a significant number of biowaste sources were identified in the central part of the study area. 
Thus, suitable locations chosen for siting biogas power plant were distance with in 1km from 
biowaste sources, while any area above 1km from biowaste sources were regarded as 
unsuitable for siting biogas power plant as in Chukwuma et al. (2020). This is also to reduce 
transportation cost as in the study of Soha and Hartmann (2022). 
 
Waterbodies and Road thematic layer 
Fig. 4a. shows the raster form of the digitized waterbodies from google earth pro. Majority of 
the water bodies is seen in the central and eastern part of Gwale, This makes the surrounding 
areas unsuitable for the siting of biogas plants in order to prevent possible contamination of 
nearby water bodies. The major road networks within the study area were digitized and 
processed to ensure that transportation costs associated with biowaste collection are 
minimized. The road network thematic layer was represented using polylines, as illustrated 
in Fig. 4b. The analysis revealed that the north-eastern part of the study area has the fewest 
road networks, suggesting that the collection and transportation of biowaste from waste-
generating locations in those areas would be more difficult and less economically viable 
compared to regions with better road accessibility. Consequently, such areas were considered 
less suitable for the establishment of biogas plants. In contrast, the central part of the study 
area contains a denser road network, which would facilitate easier collection of biowaste from 
dispersed waste generation points and provide economic advantages for the siting of biogas 
plants. 
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Fig. 4. Distance from Water bodies(a), Proximity to Road(b) 

 
Based on the experts’ suggestions (Silva et la., 2014; Nantasaksiri et al., 2021), a minimum 
distance of 150m from any waterbody was required to avoid water contamination. Therefore, 
areas above 150m from water were selected to lessen the possibility of contamination. 
However, areas within 150 meters of the water were excluded, and ranked as the least suitable. 
Silva et la. (2014) excluded areas below 150m distance from water in site suitability assessment 
of biogas power plant in Portigues region. Similarly, Nantasaksiri et al. (2021) excluded areas 
below 1000m from water bodies in a napier grass-based biogas site suitability in southern 
Thailand, while    Kaynak and Gumus (2025) excluded areas with in 500m from water bodies 
to avoid ecological disturbances. On the other hand, Road accessibility is an important factor 
in the siting of biogas power plants, as it influences the transportation of feedstock, 
equipment, and maintenance services. In this study, locations situated within 70 m of a road 
were considered more suitable, whereas areas beyond this threshold were excluded from 
consideration. This approach is consistent with the findings of Silva et al. (2014) and Sener et 
al. (2011), who emphasized the importance of proximity to road networks in site selection. 
Similarly, Kaynak and Gumus (2025) identified areas located between 30 m and 1,500 m from 
highways as suitable, balancing the need for accessibility with safety considerations. These 
findings highlight the sensitivity of water and significance of road infrastructure in ensuring 
the efficient and safe operation of biogas power facilities. 
 
Land use and Land cover and Slope 
Fig. 5a presents the LULC map with five major classes; Vegetation, Bare soil, built-up area, 
Farmland and water bodies. Table 3 revealed that bare surface occupied 3km² (5.18%) mainly 
around the eastern and southern part of the study area, this makes the area as the most 
suitable for siting biogas power plant. While, vegetation occupied 16.11 km² (27.77%), which 
was scattered around the  south, east and northern parts of the area. Built-up covered 
37.07km² (63.90%) of the area, located mainly around the central part of the area, this makes 
the area unsuitable for location of biogas plants, to avoid possible odour. Water bodies were 
the least with 0.02km² (0.04%) located mainly in the southern part of the study area. 
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Fig.5. Land use and land cover(a), Slope(b) 

 
Table 3: Land use and Landcover 

Classes Area (Km2) Percentage of Area (%) 

Waterbodies 0.02 0.04 

Built-up 37.07 63.90 

Vegetation  16.11 27.77 

Bare surface 3.00 5.18 

Farmlands 1.80 3.11 

Total 58.02 100.00 

 
According to the land use and land cover (LULC) classification of the study area, bare surfaces 
and vegetated areas were identified as the most suitable locations for the siting of biogas 
power plants, because these areas are less sensitive to the noise and other environment 
pollution. of human activity. However, built-up, Waterbodies and farms were regarded as not 
suitable due to their sensitivity to environment and health issues. This is similar to the study 
of Soha and Hartmann (2022) and Sener et al. (2011). The land slope of the area under study is 
depicted in Fig. 5b. Region with flat surface are highly suitable areas, while the region with 
higher slope are the lower suitable areas for positioning biogas power plant. The terrain is 
mostly flat, though a few areas are quite steep. Some of the areas are a part of Goron dutse 
and Dala hill in Dala. which is a roughly 534m-high (Ogunleye, 2020). Generally, areas with 
gentle or moderate slopes are considered more suitable for building development. In this 
study, slopes ranging between 2.5% and 15% were ranked as the most suitable, while slopes 
above 15% and those below 2.5% were assigned lower suitability ratings. This classification 
was intended to avoid areas that may be susceptible to flooding as well as locations that could 
involve high construction costs. This is similar to the study of Silva et la. (2014) in Biogas plants 
site selection integrating Multicriteria Decision Aid methods and GIS techniques in the 
Portuguese region and the study of Chukwuma et al. (2020), both of whom assert that the best 
positioned Suitable areas are the areas with lower slopes of 14° or less in a suitability analysis 
for biogas power Plant in Anambra state of Nigeria. The finding is also similar to the study of 
Dima et al. (2022) who stated that a slope between 5 and 10% is suitable for positioning of 
biogas power plant in their study; Feasibility Analysis of Biogas Production by Using GIS and 
Multicriteria Decision Aid Methods in the Central African Republic. 
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Suitable site selection 
The Analytic Hierarchy process results revealed the weight of each of the five (5) criterions 
according to their importance. As shown in Table 4 biowaste has the highest percentage (40%), 
followed by LULC (30%). Road has 10% weight, while slope and water bodies has the least 
weight, each has 5%.). Biowaste availability received the highest weighting in the analysis 
because it is the most influential factor affecting the viability and sustainability of a biogas 
power plant. A reliable and sufficient supply of feedstock is essential for maintaining 
continuous energy production and ensuring the economic feasibility of the facility. This 
finding is consistent with the studies of Boonman et al. (2025) and Moltames et al. (2025), both 
of whom identified biomass or feedstock potential as the most critical criterion in the biogas 
plant site selection process. Their studies emphasized that proximity to adequate biomass 
resources significantly enhances plant performance and reduces feedstock transportation 
costs. The Biowaste, LULC, Road, Waterbodies, and slope layers, were overlaid at 40%, 30% 
10% 5% and 5% respectively, using Weighted Overlay tool was applied to generate the site 
suitability map, through which the most suitable locations for biogas plant installation were 
identified based on the combined influence of the factors. Following the exclusion of restricted 
areas, the study area was categorized into five levels of suitability: highly suitable (rank 5), 
suitable (rank 4), moderately suitable (rank 3), low suitable (rank 2), and unsuitable (rank 1). 
 
The findings revealed that the central part of the study area was unsuitable for the installation 
of a biogas plant, as illustrated in Fig. 6a. The analysis identified unsuitable areas based on 
the established constraints and the weighted distance criteria applied during the 
reclassification process. Fig. 6b also highlights a number of these highly suitable polygon sites 
(areas), which are indicated with circles. The most suitable sites at Gwale and Fagge have the 
potential to install a large and medium scale biogas power plant that would generate 1-10 MW 
and 100KW-1MW of electricity from the generated waste. For site selection, the highest 
priority was given to the operational aspects of biogas power plants and energy conversion 
technologies. Other factors considered included proximity to residential areas, risk of river 
water contamination, distance from agricultural land, nearby public places (such as shopping 
malls, offices, schools, and hospitals), and overall safety concerns. A total of 2,468 vacant land 
parcels were identified; however, only 277 of these met the minimum land area requirement 
necessary for the development of a biogas power plant, as shown in Fig. 6b. The remaining 
sites were excluded due to factors such as insufficient land area, existing settlements or 
structures, water inundation, and steep slopes. The vacant lands represented in purple on Fig. 
6b were considered the most suitable sites for potential biogas power plant development, 
because they satisfied the required land size and appropriate distance from water bodies. The 
black circle on the final suitability map represented the vacant land suitable for installing large 
scale biogas power plant (1-10MegaWatts, 0.08-0.4km2), on the other hand, the blue circle 
represented vacant land suitable sites for medium scale biogas power plant (100KiloWatts-
1MegaWatts, 0.02-0.08km2) installation, while all other vacant land were suitable for small 
scale biogas power plant (1-100Kilowatts, 0.004-0.02Km2) installation (Fig. 6b). As shown in 
Fig 6b, Gwale is the only LG, that the minimum area required for the installation of large-scale 
(2 black circles) biogas power plant. On the other hand, Gwale also has the highest number of 
the vacant land suitable for the installation of medium scale (9 blue circles) biogas power plant, 
followed by Fagge (8 blue circles), where as Dala has the least number of minimum area (1 
blue circles) required for the installation of medium scale Biogas power plant.  
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Table 4: AHP Criterion (factors) Weightage 
Criteria Analysis Weightage (%) 

Biowaste Euclidean distance and Reclassification 40 
LULC Classification 30 
Road Euclidean distance and Reclassification 20 
Slope Reclassification 5 
Distance from water Euclidean distance and Reclassification 5 
Total  100 

 

 
Fig.6. Site Suitability map of Biogas power plant(a), Final suitability map with vacant land(b) 

 
To identify suitable locations for Napier grass-based biogas power plants, Nantasaksiri et al. 
(2021) integrated Geographic Information Systems (GIS) with the Analytic Hierarchy Process 
(AHP) to evaluate land suitability. Their analysis was based on raster datasets representing 
five key criteria: land slope, distance to water bodies, distance from residential areas, 
proximity to power transmission lines, and accessibility to road networks. A similar biogas 
plant site suitability assessment was carried out by Kaynak and Gumus (2025) and Akther et 
al. (2018). In both studies, Geographic Information Systems (GIS) and the Analytical Hierarchy 
Process (AHP) were employed alongside environmental, socio-safety, and economic criteria 
to identify and evaluate suitable locations for biogas plant development. This demonstrate a 
similar approach in the application of economic, social and safety, as well as environmental 
criteria, which were equally considered in this study, which includes; Proximity to biomass 
potentials, proximity to Road network, Distance from water bodies, Slope, and Land use 
Landcover. 
 
The suitability analysis's goal and the characteristics that go along with it are, of course, 
guiding principles for the criteria that should be applied. The final suitability map, as 
displayed, shows patches of locations that have been classified as highly suitable, suitable, etc. 
Approximately, 277 out of 2,468 areas were identified as the most suitable location and 
fulfilled the requirement for the minimum area to intall biogas power plant in the study area. 
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However, most of the area are located in Gwale, and Fagge L.G.As. This is due to the fact that 
various thematic maps demonstrated that these highly suitable sites possess distinct 
advantages over other locations, including close proximity to road networks, abundant 
biomass resources, and suitable land features. This finding is in contrast with the study of 
Kaynak and Gumus (2025) who assert that biogas power plant could be installed in 24 areas 
and only 4 out of the 24 are most suitable areas for installing biogas power plant. This variation 
may be attributed to differences in geographical region, as well as the number and type of 
factors and constraints considered in the analysis. Since site suitability assessments are highly 
dependent on local environmental, economic, and socio-spatial characteristics, studies 
conducted in different regions often assign varying levels of importance to specific criteria 
and apply different exclusion constraints.  
 
CONCLUSION 
This study was carried out to identify suitable sites for biogas power plant development using 
GIS technology, driven by the increasing need to shift from fossil fuel-dependent energy 
systems toward sustainable renewable energy sources. The modeling technique took into 
account several factors including abundant biomass, the environment and socioeconomic 
factors. The economic criteria evaluated in this study included proximity to road networks 
and biomass sources, while the social and environmental criteria comprised slope, land 
use/land cover (LULC), and proximity to water bodies. Spatial datasets, including the Digital 
Elevation Model (DEM) and satellite imagery, were acquired from the United States 
Geological Survey (USGS). Biomass source’s locations were obtained using Global Positioning 
System (GPS) device, where as Road network and Water Bodies were digitised from the 
Google Earth pro. These datasets were used to create GIS thematic layer. Meanwhile, the 
Analytic Hierarchy Process (AHP) incorporated a limited sensitivity analysis, with the 
sensitivity range varying between the maximum and minimum weight values assigned to the 
criteria. Moreover, the consistency ratio was also used to evaluate the weights for the criteria. 
 
These raster datasets were overlayed using ArcGIS' weighted overlay tool, which uses a 
conventional measurement scale and weights each element based on its value. The results of 
merging these thematic maps reveal that the most suitable locations for placing the biogas 
power plant were identified in all of the three LGAs (Gwale, Dala, and Fagge) of the Study 
area. Though, suitable areas for installing the biogas plants are minimal, the study area has 
the capacity to generate up to 30 MW, 15MW and 10MW of electricity from the organic waste 
that can be produced in Gwale, Fagge and Dala LGA’s respectively.  The establishment of 
biogas power plants could reduce the costs of waste management as well as generating 
electricity in the study area. Urban planners, government agencies, and non-governmental 
organizations (NGOs) are encouraged to use this study as a guiding tool prior to the 
development of new dedicated biogas power plant from locally managed municipal organic 
waste. Planning for renewable energy benefits greatly from systematic research like this one, 
which would help stakeholders in making policies. This approach may be useful for choosing 
appropriate locations from crowded places that produce a lot of waste. Other LGAs in Kano 
State and Nigeria as a whole can use this procedure. The scope of this study was restricted to 
determining the best site for a biogas power plant and possible fossil fuel sources from bio-
waste (animal excrement and remains) produced in the area. Incorporating time-series 
analyses of biomass generation in future studies would improve the assessment of biomass 
supply dynamics by accounting for temporal variations and spatial changes in feedstock 
availability for biogas power plants. 
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