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Abstract 

An effective landfill site is essential for sustainable solid waste management, particularly in 

urban areas experiencing rapid population growth. This study develops a decision support 

framework for landfill site selection by applying Fuzzy Analytical Hierarchy Process (Fuzzy 

AHP) and weighted overlay techniques to evaluate potential landfill locations based on various 

factors. The study area covered Ilorin and its environs in Kwara State, Nigeria. The Fuzzy AHP 

was applied to determine the weights of relevant criteria, accounting for uncertainty in expert 

judgment. The weighted overlay technique was then used to integrate the various input criteria 

maps according to their assigned weights, thereby producing a landfill suitability map for the 

entire study area. The results of the findings show that 5% and 4% of the study area are 

unsuitable and less suitable, respectively, while 28% are moderately suitable, and 51% are 

suitable. On the other hand, 13% of the study area is highly ideal for landfill siting. The output 

suitability map was validated with two dumpsites. The old and decommissioned dumpsite at Ita 

Amo, which falls entirely within an unsuitable area, and the currently used site at Ago Aiyekale 

span both moderately suitable and suitable areas.  

Keywords: Waste management, Landfill, Multi-criteria decision making (MCDM), Fuzzy 

Analytical Hierarchy Process (FAHP), Geographic Information Systems (GIS). 
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1.0  INTRODUCTION 

Solid waste management remains a substantial challenge within many developing countries, 

particularly in rapidly urbanizing regions where population growth and consumption rates 

continue to escalate [1] [2] [3] [4]. Inefficient and indiscriminate waste disposal is often 

exacerbated by the inadequacies of existing waste management systems, posing significant 

environmental and public health risks [5]. Among various waste management methods, 

landfilling is the predominant technique due to its relative cost-effectiveness and operational 

simplicity [6] [7] However, landfill practices, especially in regions lacking robust technical, 

economic, and legal frameworks, present critical environmental and health challenges[8]. 

In rapidly urbanizing cities like Ilorin and its environs in Kwara State, Nigeria, existing waste 

management infrastructure struggles to keep pace with growing urban populations and increased 

waste generation. Consequently, effective landfill site planning and selection become imperative 

to ensure sustainable development and environmental protection [9]. 

Appropriate landfill siting requires the systematic consideration of multiple environmental, 

social, and economic factors [3] [10] [11] [12] [13]. The integration of geospatial technologies 

and advanced multi-criteria decision-making (MCDM) methodologies has transformed landfill 

site selection processes by providing structured frameworks to evaluate complex, conflicting 

criteria more effectively [14] [15] [16] 

MCDM approaches, such as the Analytic Hierarchy Process (AHP), Preference Ranking 

Organization Method for Enrichment Evaluation (PROMETHEE), and Technique for Order 

Preference by Similarity to Ideal Solution (TOPSIS), have long played essential roles in 

decision-making involving multiple criteria. However, their limitations in handling uncertainty 

and imprecision, particularly in linguistic expert judgments, have inspired the development of 

advanced fuzzy set-based methods [17] The Fuzzy Analytic Hierarchy Process (FAHP) enhances 

traditional AHP by incorporating fuzzy logic, enabling decision-makers to express comparisons 

in linguistic terms while accounting for uncertainty, thus yielding more reliable criterion 

weighting [18,19). 

Geographic Information Systems (GIS), when combined with MCDM techniques, offer powerful 

tools for optimizing landfill site selection by overlaying multiple spatial criteria according to 

their weighted importance to generate suitability maps [20] [21] [22]. Among these techniques, 

weighted overlay analysis is a valuable GIS method that integrates raster datasets standardized to 

a common scale to facilitate multi-criteria evaluation. 

This study develops a comprehensive landfill site selection framework for Ilorin and the 

surrounding areas in Kwara State, Nigeria, by applying FAHP for criteria weighting and a 

weighted overlay GIS technique. This integrated approach aims to provide decision-makers with 

a scientifically robust and practical tool to identify optimal landfill locations that balance 

environmental sustainability, socio-economic considerations, and urban growth dynamics. 
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2.0  THE STUDY AREA 

The study area covers six Local Government Areas (LGAs) in Kwara State, Nigeria: Ilorin 

South, Ilorin East, Ilorin West, Asa, Moro, and Ifelodun. These LGAs form a rapidly urbanizing 

region and are central to the Ilorin Master Plan and the proposed Ilorin Smart City initiative, 

highlighting their strategic importance in regional planning and development. Geographically, 

the area lies between latitudes 8°30'N and 9°30'N and longitudes 4°00'E and 5°30'E. 

Topographically, the landscape features gently undulating plains with elevations ranging from 

approximately 200 to 400 meters above sea level. This physiographic setting affects runoff, 

drainage, and soil characteristics, which are critical factors in assessing landfill site suitability. 

The region's diverse climatic, geological, and topographic attributes provide a comprehensive 

framework for evaluating landfill locations while accounting for environmental, social, and 

technical considerations unique to the area. The study area map is presented in Figure 1. 

 

Figure 1: Study area 

3.0  MATERIALS AND METHODS 

3.1  Methods 

This study employed a systematic, multi-criteria decision-making (MCDM) framework 

integrated with Geographic Information Systems (GIS) to identify optimal landfill sites within 

Ilorin and its environs in Kwara State, Nigeria. The approach combined environmental, social, 

and economic criteria, incorporating fuzzy logic to address uncertainties in expert judgments. 

Figure 2 presents a framework for landfill site selection. 
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Figure 2: Framework for landfill site selection 

3.2  Criteria Selection 

Ten pivotal criteria influencing landfill suitability were selected following an extensive literature 

review and expert consultation. These criteria integrate environmental and socio-economic 

factors, including proximity to settlements, major and minor roads, water bodies, and rail lines; 

elevation and slope; land use and land cover (LULC); soil type; and lithology [3] [12]. These 

factors collectively ensure a balanced assessment of potential environmental impact, 

accessibility, and operational feasibility.  

3.3  Data Acquisition and Processing 

Spatial datasets were sourced from reputable repositories to encompass the required thematic 

layers. Elevation and slope data were derived from the Shuttle Radar Topography Mission 

(SRTM) 1 Arc-Second Digital Elevation Model (DEM) obtained via USGS Earth Explorer. Land 

use and land cover data were extracted from ESRI's global dataset at a 10-meter resolution. Soil 

data were acquired from the ISRIC Soil Information portal, while lithological information was 

obtained from the Africa Surface Lithology database powered by Esri. Hydrological features, 

transportation networks, and settlement data were retrieved from OpenStreetMap (OSM) [6] 

[13]. All spatial data layers were preprocessed in ArcGIS 10.8, involving coordinate system 

standardization to UTM Minna Datum Zone 31, resampling to a uniform 10-meter resolution, 

and reclassification into standardized suitability classes. This preprocessing ensured spatial 

compatibility and analytical consistency across all datasets used in subsequent analyses [10]. 
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3.4  Fuzzy Analytic Hierarchy Process (FAHP) for Criteria Weighting 

To accurately represent the relative importance of each criterion, the Fuzzy Analytic Hierarchy 

Process (FAHP) was applied. FAHP extends conventional AHP by integrating fuzzy logic, 

allowing decision-makers to express pairwise comparisons in linguistic terms to handle 

uncertainty and subjectivity effectively. Expert judgments were aggregated into pairwise 

comparison matrices, and fuzzy triangular numbers were utilized to calculate weights. The 

process culminated in a normalized weight vector reflecting the criteria's prioritized influence on 

landfill suitability [17] [18].  

3.5  Weighted Overlay Analysis 

Using the weighted overlay technique in GIS, reclassified raster layers corresponding to each 

criterion were combined according to their relative FAHP-derived weights. This multi-layer 

analysis generated a landfill suitability index map, classifying areas into five suitability 

categories: Unsuitable, Less Suitable, Moderately Suitable, Suitable, and Highly Suitable. The 

integration of weighted spatial layers enables comprehensive visual identification of optimal 

landfill locations considering multifaceted criteria [20] [21]. Suitability classification is shown in 

Table 1. 

Table 1: Suitability Classification 

Suitability Class Class Number 

Unsuitable 1 

Less Suitable 2 

Moderately Suitable 3 

Suitable 4 

Highly Suitable 5 

3.6  Validation 

The resulting suitability map was validated against existing landfill sites within the study area, 

specifically, the old, decommissioned dumpsite at Ita Amo and the operational site at Ago 

Aiyekale. This validation assesses the model's reliability by comparing identified suitability 

classifications with known site performance and characteristics [23]. 

4.0  RESULTS AND DISCUSSION 

4.1  Criteria Weighting and Maps 

Using the Fuzzy Analytic Hierarchy Process (FAHP), weights were assigned to ten criteria based 

on expert judgment (Table 2). Proximity to water bodies received the highest weight (25.15%), 

indicating its paramount importance in protecting water resources from contamination. This was 

followed by proximity to settlements (19.58%) and land use/land cover (LULC) (14.33%), 

reflecting concerns over environmental and social impacts. Elevation (7.64%) and lithology 

(7.26%) had moderate influence, while slope (6.04%), soil type (5.88%), and transportation 

factors, proximity to highways (5.52%), major roads (4.85%), and rail lines (3.76%) had lesser, 

but significant impacts on landfill suitability. The consistency ratio of 0.086 confirmed the 

reliability of the weighting process [3] [18]. The criteria maps are presented in Figures 3(a-j). 
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Table 2: Criteria Weights 

Criteria Weight (%) 

Proximity to Water Bodies 25.15  

Proximity to Settlements 19.58  

LULC 14.33  

Elevation 7.64  

Slope 6.04  

Litology 7.26  

Soil_Type 5.88  

Proximity to Highway  5.52  

Proximity to Major Roads 4.85  

Proximity to the Rail line 3.76  

 

Figure 3a: Proximity of Settlement Map          Figure 3b: Proximity to Water Bodies Map 

 

         Figure 3c: Proximity to Highway Map             Figure 3d: Proximity to Major road Map  
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      Figure 3e: Proximity to Rail Line Map              Figure 3f: Digital Elevation Model Map 

 

 
       Figure 3g: Slope                  Figure 3h: Soil Type 

 

 
        Figure 3i: Litology                  Figure 3j: Landuse Land cover(LULC) 
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4.2  Landfill Suitability Mapping 

The GIS-based weighted overlay technique integrated the weighted criteria to produce a landfill 

suitability map (Figure 4). The area was categorized into five classes: Unsuitable (3.74%), Less 

Suitable (4.66%), Moderately Suitable (27.75%), Suitable (50.98%), and Highly Suitable 

(12.86%). Over 63% of the study area was deemed suitable or highly suitable for landfill 

development, suggesting substantial availability of potential sites across Ilorin and its environs. 

Moderately suitable zones may require further investigation or mitigation measures before 

development. 

Table 3: Landfill Suitability Classification 

Class Suitability Class  
Area COVERAGE 

(%) 

1 Unsuitable 3.74 

2 Less Suitable 4.66 

3 Moderately Suitable 27.75 

4 Suitable 50.98 

5 Highly Suitable 12.86 

 

Figure 4: Landfill Suitability Map 
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4.3  Validation of Results 

The model’s practical validity was assessed by overlaying the suitability map with existing 

landfill locations. The old and decommissioned dump site at Ita Amo coincided with an 

unsuitable class, indicating historical challenges in siting. Conversely, the current operational 

landfill at Ago Aiyekale fell into moderately to suitable classes, affirming the model’s accuracy 

in identifying viable landfill sites [13] [23]. 

4.4  Implications for Sustainable Landfill Planning 

The study demonstrates that careful consideration of multiple environmental, social, and 

infrastructural factors is essential for sustainable landfill siting. Particularly, safeguarding water 

bodies and minimizing disruption to settlements must remain priorities. This integrated FAHP-

GIS approach provides urban planners and waste management authorities in rapidly urbanizing 

regions with a scientifically robust tool for evidence-based decision-making, promoting 

environmental protection and community wellbeing. 

5.0  CONCLUSION 

This study successfully applied an integrated multi-criteria decision-making framework using the 

Fuzzy Analytic Hierarchy Process (FAHP) combined with Geographic Information Systems 

(GIS) to identify optimal landfill sites within Ilorin and surrounding areas in Kwara State, 

Nigeria. Ten environmental and socio-economic criteria were systematically weighted and 

spatially analyzed to produce a landfill suitability index map. The findings reveal that more than 

half of the study area is classified as suitable or highly suitable for landfill development, while a 

smaller proportion is moderately suitable or less appropriate. Proximity to water bodies, 

settlements, and land use patterns were identified as the most critical factors influencing site 

suitability, highlighting the need to minimize environmental contamination and social disruption. 

Validation against existing landfill sites demonstrated the robustness of the model in 

distinguishing unsuitable from viable locations, supporting its practical applicability for 

informed decision-making. This evidence-based approach provides a replicable tool for 

sustainable landfill planning in rapidly urbanizing contexts, balancing operational feasibility with 

environmental protection and community welfare. Future work may extend this framework by 

incorporating additional environmental factors such as groundwater vulnerability, drainage 

infrastructure, and socio-political considerations to further refine site selection outcomes. 

Overall, the study contributes valuable insights and a scientific basis for effective solid waste 

management planning and landfill siting in Nigeria and comparable urban regions. 
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