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ABSTRACT

Onitsha North in Anambra State is an industrial and commercial city in south eastern Nigeria that is currently 
faced with twin problems of poor waste management and epileptic power supply. Exploiting the huge waste energy 
potentials in the area through Waste to Energy (WTE) technology is an efficient and sustainable waste management 
strategy that can be deployed in order to boost the energy supply mix in the area. However, the viability of WTE 
adoption has not been investigated, because the basic geographic information for exploiting WTE potential is 
presently lacking in spite of the huge potentials in the area. As a first and critical step to address this problem, this 
study combined Geographic Information System (GIS) and Multi-criteria Decision Analysis (MCDA) techniques to 
identify suitable sites for WTE facility in Onitsha North with a view to determining the viability of adopting WTE 
in the area. Relevant geographic factors were assigned weights using the Analytic Hierarchy Process (AHP) and 
analysed using the Weighted Overlay method in ArcGIS environment to produce suitability map for WTE facility 
in the study area. Findings revealed various categories of suitability ranging from areas that are moderately suitable 
and marginally suitable to those areas that are less suitable and not suitable for siting WTE facility. The study 
has provided the basic information required for harnessing waste energy potential for sustainable development in 
Onitsha North. Lack of the basic information for implementing WTE technology has hindered the exploitation of 
huge waste energy potentials in the area. This study has shown that WTE can be adopted as an alternative efficient 
waste management strategy to provide alternative energy source for industrialisation and economic activities in the 
area. The combination of GIS and MCDA techniques has proven to be efficient in site suitability analysis; hence it 
can be applied in solving multi-criteria decision problems.

Keywords: Municipal solid waste; Waste to energy; Site suitability; Geographic Information System (GIS); 
Multicriteria Decision Analysis (MCDA)

has energy potential of about 947,981.3 MWh, with monetary 
value of $131.7 million [7]. 

In Nigeria, inefficient waste management and poor electricity supply 
are some of the main challenges of development in the country 
[2,8]. In this country, where access to energy is a great challenge 
to majority of the population, energy recovery from waste (Waste 
to Energy) can play a vital role in minimising the environmental 
impact of MSW with the additional benefit of providing alternative 
source of energy [9]. Waste to Energy (WTE) is among the most 
viable options for sustainable waste management [10]. 

Waste to Energy technology is the concept of using non-recyclable 
waste and converting it into electricity, heat or fuel. WTE 
technology is a facility or plant such as incinerator, anaerobic 
digester, methanation plant or compost plant which can provide 
alternative to the fossil fuel energy supply of a city or complement 

INTRODUCTION

One of the environmental challenges of African cities such as 
Onitsha in south eastern Nigeria is managing the huge amount 
of waste generated resulting from rapid population growth and 
increasing economic activities in the cities [1]. African cities are 
also confronted with poor electricity supply for domestic and 
economic activities [2]. Nigeria has an estimated population of over 
200 million people with annual Municipal Solid Waste (MSW) 
generation of about 32 million tonnes (0.438 kg/person/day) [3]. 
The country has about 14 million tonnes of combustible waste [4]. 
The country’s annual electricity generation potential from MSW 
was estimated at 26,744 GWh/year [5]. Annual waste generation 
in the country will increase from 26,600 GWh/year in 2015 to 
36,250 GWh/year by 2030 and Methane emission which was 491 
Gg for 2015 is projected to reach 669 Gg in 2030 [6]. Energetic 
valorization of the combustible waste (5,757,363 tons) in Nigeria 
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the city’s energy supply mix through renewable sources has 
shown how to estimate MSW generation and how the waste 
energy potential in Pune city of India is estimated [11,12]. There 
is enormous renewable energy potential from MSW which can be 
exploited through waste incineration or landfilling with gas capture 
system and other WTE technologies [13]. WTE has the advantage 
of reducing the municipalities’ budget in developing countries, 
where waste management spending constitutes from 20% to 50% 
of their available budget, as well control pollution and generate 
surplus energy [9]. Another advantage WTE is MSW reduction 
and conversion into useful energy [14].

Among the waste disposal techniques, incineration has the 
additional advantages of reducing the volume and quantity 
of waste and it is less harmful to the environment in the long-
term [15]. However, siting a MSW incineration plant requires a 
comprehensive assessment to determine the ideal locations that 
can concurrently meet the authorities’ regulations and minimise 
economic, environmental, health, and social costs. This is 
because MSW incinerators are still perceived as great sources of 
pollution [16]. Inappropriate siting of incinerators may result into 
strong harmful impact from its operation on neighbourhood and 
contribute to environmental degradation.

Selecting appropriate site for a solid WTE plant is necessary to 
mitigate its environmental impacts. To achieve this, exclusive and 
suitable criteria that determine viability and sustainability of the 
WTE plant site are considered [9]. Several approaches have been 
used by researchers to determine the optimal locations for WTE 
facility. For instance, presented a spatial multi-criteria evaluation 
approach to assess land suitability for a plant siting in Santiago 
Island of Cape Verde [16]. It combines the Analytical Hierarchy 
Process (AHP) to estimate the selected evaluation criteria weights 
with Geographic Information Systems (GIS) for spatial data 
analysis. The results showed that the methodology is reliable.

Presented an optimisation model incorporated with GIS data 
inputs for MSW management [13]. Apart from the ability to and 
determine the optimal site for the establishment of new WTE power 
plants, the model is capable of forecasting the appropriate type of 
WTE conversion technology to be adopted in a given site. Provided 
another alternative method which developed a GIS-based model for 
siting a MSW incineration power plant in Alexandria governorate, 
Egypt [10]. Five criteria were considered and a composite index 
was suggested to integrate these criteria quantitatively reflecting 
suitability of various parts of the governorate for siting WTE plant. 
Likewise, proposed a spatial model for solid waste management 
and reduction [17]. The model would help in determining suitable 
site for waste disposal and composting.

In order to solve the problem of waste management, an improved 
multi-group VIKOR method was proposed by to select the optimal 
site for WTE. The factors considered for site selection of the WTE 
plant were production factors, land, policy, environmental and 
social factors. The nobility of this method by lies in its integration 
of the public satisfaction whereby the people were involved as an 
evaluation group rather than creating general indicators to represent 
the public acceptance as it has been done by previous researchers 
[15]. Also, developed an uncertain AHP model by integrating 
MCDA methods and a GIS for locating the most suitable facility 
sites in MSW management, and its application to an incineration 
facility in Izmir metropolitan municipality of Turkey [18]. The 
approach was noble for including a pre-screening process for the 
exclusion of unsuitable areas.

Similarly, in order to address the increasing amounts of waste 
which has burdened the existing solid waste management system 
in Oman, proposed establishing incineration plants that can 
considerably reduce the volume of waste and can simultaneously 
produce electricity [19]. The study combined GIS and MCDA 
for the selection of an appropriate site for an incineration plant 
that can mitigate environmental impact and eliminate community 
dissatisfaction. 

Selecting appropriate locations for WTE plant is critical in 
order to mitigate the adverse impact from its operation on local 
communities and the surrounding environment. Hence, several 
studies as observed from the foregoing literature review have used 
different approaches such as GIS, MCDA, combined GIS and 
MCDA to identify suitable sites for WTE facility or plant in order 
to achieve sustainable waste management. It is also observed from 
the literature review that different researchers considered various 
factors that are relevant to their specific geographical locations for 
site suitability analysis of WTE facility, as there are no uniform 
factors for all geographical locations. However, in spite of the 
effectiveness of the different methodologies and approaches as 
reported in the literature, application of GIS and MCDA for site 
suitability analysis of WTE facility in cities across Nigeria is very 
limited. There is also a lack of real scientific information that could 
motivate WTE development in the country [8].

Some studies have been carried out on WTE potentials in Nigeria. 
Examined the current energy scenario in Nigeria in terms of 
production and how the underlining issues can be addressed by 
developing local capacity in energy from waste technology [20]. 
Their findings revealed that the residual waste in Abuja and Lagos 
cities can generate 54 GWh/year and 475 GWh/year respectively. 
Investigated the energy generation potential and economic viability 
of organic MSW in the 21 LGAs of Anambra State of Nigeria [21]. 
They found that a large-scale plant of about 50 m3 can possibly be 
installed at all the LGAs including Onitsha North. Conducted an 
assessment of the technical and economic potentials of recovering 
energy from the MSW generated in Yola metropolis of Nigeria 
based on the incineration technology method [22]. Their findings 
revealed that the average calorific value of the MSW disposed of 
in the city’s dumpsite is 1515.67 kcal/kg, with the potential to 
produce a total of 3,748.60 kW of electrical energy from the three 
dumpsites studied. Carried out an exploration and prediction 
of wet season MSW for power generation in Ilorin metropolis, 
Nigeria [23]. The estimated electrical power potential for the 
wet season MSW is capable of meeting about 59% of the power 
demand for the metropolis. Results showed that the estimated 
electrical power potential of 4.2 GWh for the wet season MSW is 
capable of meeting about 59% of the power demand for the Ilorin 
metropolis [1]. Examined the energy potential of waste generated in 
Nigeria from different recovery methods. The study used available 
organic fraction of MSW generation data for each of the state 
capitals in the country to estimate energy potential from different 
technologies. Determined the electric power generation potential 
of MSW in Abuja, the capital city of Nigeria [24]. The study found 
that with an annual MSW generation rate of 973,557 tons and 
a per capita generation of 0.77 kg/day, 9.2 × 109 MJ/annum of 
energy can be recovered from the waste. Based on this, Abuja’s 
MSW can support a power generating plant with a capacity of 128 
MW which exceeds the current energy supply of about 80 MW to 
the city. Also, carried out site suitability analysis for waste to energy 
plant in Kaduna metropolis [25]. This study used GIS and MCDA 
to show the viability of WTE implementation in the metropolis.
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temperature ranges from a minimum of 20.78°C to a maximum of 
30.24°C. Relative humidity ranges from annual minimum of 34% 
in dry season to a maximum of 89% in rainy season (Figure 1) [26].

Figure 1: Onitsha North Local Government Area. Source: Adopted 
from Administrative Map of Onitsha LGA (2022) Note: Legend: ( ) : 
Dumpsite; ( ) : Road; ( ) : River niger; ( ) : Onitsha North LGA 
Boundary.

Types and sources of data 

The data used for this study include coordinates of existing 
dumpsites, the Shuttle Radar Topographic Mission (SRTM) Digital 
Elevation Model (DEM) with 30 m resolution, the road and water 
bodies in the study area as well as Landsat 7 (ETM) of 2020. 
Landsat ETM+ image data has eight spectral bands, with a spatial 
resolution of 30 meters for bands 1 to 5 and band 7. Resolution for 
band 6 (thermal infrared) is 60 meters and resolution for band 8 
(panchromatic) is 15 meters. These data were obtained from both 
primary and secondary sources (Table 1).

Table 1: Types and sources of data.

Data Source Purpose

Administrative map of 
Onitsha North LGA at 

a scale of 1:50,000

Urban planning section 
in the ministry of lands 
and physical planning, 

Anambra State

To identify spatial 
features like roads, 

rivers, residential area

Geographic coordinates 
of existing dumpsites in 

the study area.

Garmin E-trex R 20X 
handheld GPS receiver

To locate the existing 
dumpsites

SRTM imagery of the 
area

The United States 
Geological Survey 

(USGS)

To determine the 
elevation of the terrain

Landsat 7 (ETM) of 
2020

Landsat (Glovis) 
websites

Generate land-use map

Road network Open street map
Buffer of distance to 

road

Water body Open street map
Buffer of distance to 

water body

Onitsha North is an industrial and commercial city in in Anambra 
State of south eastern Nigeria that is currently facing poor 
electricity supply and serious environmental problems resulting 
from poor solid waste management. This is in spite of the 
enormous waste energy potentials in the city. Onitsha has MSW 
generation of 41,951 Mg/yr and per capita waste generation of 0.53 
kg/capita/day [8]. The rate of solid waste generation in the city 
has increased with rapid urbanisation, population and economic 
growth. Indiscriminate waste disposal is a common feature of 
the city. The daily waste generation of about 205,538 kg/day in 
Onitsha is composed of majorly organic and paper, followed by 
plastics and glass as well as textile and metal [7]. The solid waste 
management practice in Onitsha is not different from that of the 
capital city, Awka in Anambra State, which is generally poor and 
inefficient in spite of the several efforts that have been made to 
improve the situation [24]. Although efforts are being made by the 
government and institutions in managing waste generated in the 
area, huge percentage of the waste is still not adequately managed 
[26]. Onitsha North is also reported to have huge bio-wastes with 
annual cumulative generation of 3,992,735 kg and estimated biogas 
potential of 273.18 kWe [27].

The huge waste energy potentials in Onitsha have not been 
exploited to assist in solving the electricity supply problem in 
the city. According to the load demand record of Enugu Electricity 
Distribution Company for the year ending 2019, power supply in 
Onitsha and its environs is approximately 104 MW.93, but the utility 
company could only supply 6 MW out this. The inability of the utility 
company to provide industries adequate power supply has resulted to 
an epileptic power supply in the city, hence, the power distribution 
companies carry out load shedding as a mitigation strategy [28]. 

The huge amount of waste generated in Onitsha North provides 
an opportunity for WTE generation as an efficient waste 
management strategy and also an alternative energy source in order 
to meet increasing energy demand in the area. However, one of 
the challenges of WTE research is that reliable databases on the 
waste generation and management techniques in the cities of 
Nigeria are not available [22]. Also, site selection for WTE plant 
which is critically important in waste management system has not 
been examined by previous studies in Onitsha North. In fact, the 
basic information for exploiting WTE potentials in the study area 
is presently lacking and therefore, preliminary assessment for WTE 
implementation has not been conducted. Hence, the aim of this 
study is to determine the specific multiple factors that influence 
site suitability analysis for WTE facility in Onitsha North and to 
identify suitable sites for WTE facilities in the area. This will help 
in providing some of the required information for efficient waste 
management and providing alternative source of electricity in the area.

MATERIALS AND METHOD

The study area

Onitsha North LGA in Anambra State is located within Latitudes 
6°06’41”N to 06°12’20”N of the Equator and Longitude 06°43’20”E 
to 06°50’20” of the Greenwich meridian. It has a landmass of 
36.12 km2 and is bounded by Idemili-North LGA to the east, to 
the west by River Niger, to the south by Onitsha-South LGA, and 
to the north by Oyi and Anambra-East LGAs. The climate of the 
study area is the tropical rainforest, characterised by two seasons, 
the rainy season (March–October) and the dry season (November–
February). The annual rainfall is about 1300 mm. Annual average 
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WTE suitability map: The GIS and AHP were combined in order to 
determine the suitable sites for WTE facility in the study area. Five 
criteria (Land use/Land cover, distance from road, distance from 
surface water, distance from existing dumpsite and slope) (Figure 
2). These criteria were considered because they are particularly 
relevant for siting WTE in the study area as suggested by [29]. This 
is because site selecting for municipal solid waste incineration 
power plant is a multi-criteria decision and the underlying criteria 
vary from one geographical location to another [30].

The Euclidean distance tool in ArcGIS 10.8 was used to produce a 
distance surface of all the vector layers (distance from road, distance 
from surface water and distance from existing dumpsite) as shown 
in Figure 2. Based on the AHP, each criterion was ranked and 
given a suitability score from 1 to 9, where the degree of suitability 
increases from 1 to 9. This was based on experts’ judgement, local 
and international references. Then, the AHP was used to assign 
weights to each criterion based on experts’ judgement [31]. The 
map layers were reclassified and standardised maps were generated 
for all the factors (Figure 3); and their respective weights were 
used to generate the WTE suitability map of the study area using 
weighted overlay tool in ArcGIS 10.8. The WTE suitability map 
was classified into not suitable, less suitable, marginally suitable 
and moderately suitable. The WTE suitability map is illustrated in 
Table 3 and Figure 4.

Figure 3: Land Use/ Land Cover. Note: Distance from dumpsite:  
( ):Dumpsite; ( ) : 0-971.8; ( ) :9711.9-1,898.5; ( ) : 1,898.6-2,825.1; 
( ) : 2,825.2-3,932.5; ( ) : 3,932.6-5,740.6.   

Table 3: Criteria for siting WTE Facility in Onitsha North.

SN Criterion Category Suitability Ranking Source

Sites Sites Built up Not suitable 1

[31]
Sites Sites Water Not suitable 1

Sites Sites Vegetation Marginally suitable 5

Sites Sites Bare land Highly suitable 9

Data analysis

The SRTM data was used to extract the DEM and the slope map 
of the study area using the 3D spatial analyst tool in ArcGIS 
environment, whereas the road and waterbody shapefiles were 
extracted from Open Street Map. Other secondary data used 
were information on waste management and the situation of the 
dumpsites in the study area documented by the Anambra State 
Environmental Protection Agency (ANSEPA) and the MSW 
agencies in the LGA. 

The land Use/Land Cover (LULC) map of the study area was 
extracted from Landsat ETM imagery. The ERDAS Imagine software 
was used for image classification. A supervised classification using 
maximum likelihood algorithm based on the Landsat pathfinder 
classification scheme was applied to generate the various LULC 
types. ArcGIS 10.8 was used to generate the criteria maps (Figure 
2), which were ranked using the AHP. The AHP was adopted 
because it is one of the most widely used Multi-Criteria Decision 
Making (MCDM) techniques using pairwise comparisons of 
criteria to establish a relationship matrix [27]. Then the weighed 
linear combination was used to integrate the thematic maps for 
multi-criteria evaluation to generate the suitability map of WTE 
facility in the study area (Table 2).

Figure 2: Land Use/ Land Cover. Note: ( ) : Bareland; ( ) : Built 
up; ( ) : Vegetation. 

Table 2: Land Use Land Cover (LULC) Classification Scheme. 
 

S/N Classes Description

1 Built-up area
Residential commercial, industrial and 

healthcare facilities

2 Bare land
Exposed soils, and areas of active 

excavation and production

3 Vegetation Any species of plants (flora), forest

4 Waterbody River, lakes and reservoirs
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RESULTS AND DISCUSSION

Mapping of suitability criteria for siting WTE facility

Site suitability analysis for WTE facility starts with identifying and 
mapping relevant criteria in the study area. In this case, five criteria 
which are land use/land cover, distance from dumpsite, distance 
from waterbody, distance from road and slope were mapped as 
shown in Figures 2-6. Mapping these criteria is very vital because 
each type of MSW treatment plant has its own specifications and, 
hence requires considering the particular appropriate criteria which 
vary from one geographical location to another [15]. Asserted that 
the choice of the most appropriate WTE technology to be adopted 
in a given area or region depends on the local specific conditions 
[9]. Therefore, before establishing a WTE plant like incinerator, a 
region-specific study is required to determine the most suitable site 
[18]. The first stage in determining the most suitable site is mapping 
the criteria for siting the WTE. The second stage is weighting the 
criteria to determine the relative influence of the criteria which is 
presented in the following section (Figure 2-Figure 6).

Figure 5: Slope of the study area. Note: Slope: ( ) : 0-4.66; ( ) : 4.67-
8.63; ( ) : 8.64-13.46; ( ) : 13.47-21.57; ( )  : 21.58;44.01.

Figure 6: Distance from Road. Note: ( ) : Road; ( ) : 0-144.9; ( )  : 
145-400.6; ( ) : 400.7-716; ( ) : 716.1-1,176.2; ( ): 1,176-2,173.5.     

Sites Sites
0-100, 
>1500

Not suitable 1

[16]

Sites Sites 100-300 Less suitable 3

Sites Sites 300-500 Marginally suitable 5

Sites Sites 500-1000 Moderately suitable 7

Sites Sites 1000-1500 Highly suitable 9

Sites Sites 0-100 Not suitable 1

[16]

Sites Sites 100-200 Less suitable 3

Sites Sites 200-400 Marginally suitable 5

Sites Sites 400-600 Moderately suitable 7

Sites Sites >600 Highly suitable 9

Sites Sites 0-100 Highly suitable 9

[32]

Sites Sites 100-300 Moderately suitable 7

Sites Sites 300-500 Marginally suitable 5

Sites Sites 500-700 Less suitable 3

Sites Sites >700 Not suitable 1

Sites Sites 0-5 Highly suitable 9

[33]
Sites Sites 05-Oct Moderately suitable 7

Sites Sites Oct-15 Marginally suitable 5

Sites Sites >15 Less suitable 3

Figure 4: Distance from Water body. Note: Distance from river:  
( )  : River; ( ) : 0-1,008.5; ( )  : 1,008.6-2,440.3; ( ) : 2,440.4-
3,896.3; ( ) : 3,896.4-5,372.3; ( ) : 5,372.4-7,242.1.
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Weighting of the criteria for siting WTE facility

The influence of the five criteria in siting of the WTE facility. The 
pairwise comparison matrix is shown in Table 4. According to the 
findings in distance to existing MSW dumpsite has the highest 
weight of 0.26, followed by land use/land cover and distance to 
waterbody with weights of 0.24 and 0.23 respectively. Distance to 
road has weight of 0.17 while slope has the lowest weight of 0.10. 
Proximity to existing dumpsites is an essential criterion in siting 
WTE facility, because, in order to maintain constant operation 
of the facility there is the need for steady supply of waste at least 
transport cost.

The findings of this study which showed that proximity to MSW 
dumpsite and land use/land cover are the most influential factors 
in siting WTE facility is based on geographic criteria. Reported 
that landuse/landcover was found to be the most influential factor 
in WTE facility siting while slope was the least influential factor 
[32]. Conversely, reported that the distance to river was the most 
important factor in determining a suitable landfill location for 
energy generation in Jabodetabek Area of Indonesia [33]. However, 
found that based on economic/technical and socio-cultural criteria, 
potential sites for locating WTE facilities in Lome of Togo are more 
influenced by slope and residence criteria [34]. It is observed from 
these studies that the relative influence of criteria for siting WTE 
facility varies from one location to another. These studies confirm 
the assertion that site suitability analysis for waste management 
system is location specific and should therefore take into account 
the specific environmental factors of the area under consideration. 
The suitability analysis of individual criteria is presented in the 
following section (Tables 4 and 5).

Table 4: Pairwise matrix for MSW dumpsite criteria.

Factor LULC EMSW WB SL RD

Land Use Land 
Cover (LULC)

1 07-Sep 07-Jun 07-Mar 07-May

Existing Municipal 
Solid Waste 

(EMSW)
09-Jul 1 02-Mar 3 09-May

Waterbody (WB) 06-Jul 02-Mar 1 2 06-May

Slope (SL) 03-Jul 01-Mar 01-Feb 1 03-May

Road (RD) 05-Jul 05-Sep 05-Jun 05-Mar 1

Table 5: Normalised pairwise matrix for MSW dumpsite criteria.

Factor LULC EMSW WB SL RD Weight

Land Use Land 
Cover (LULC)

0.233 0.187 0.28 0.233 0.233 0.23

Existing 
Municipal 

Solid Waste 
(EMSW)

0.3 0.24 0.16 0.3 0.3 0.26

Waterbody 
(WB)

0.2 0.36 0.24 0.2 0.2 0.24

Slope (SL) 0.1 0.08 0.12 0.1 0.1 0.1

Road (RD) 0.167 0.133 0.2 0.167 0.167 0.17

Total 1 1 1 1 1 1

Suitability analysis of the criteria 

Suitability analysis of Land Use/Land Cover (LULC): Several 
factors are taken into account before identifying suitable sites 
for WTE plant or facility in order to protect the environment 
and safeguard human health. LULC is one of the critical factors 
taken into account in determining suitable sites for WTE plant or 
facility. Figure 7 and Table 6, show that the LULC in the study area 
comprises of built-up, water, vegetation and bareland. It can be seen 
from Table 6, that 85% of the LULC which comprises of built up 
and water is not suitable for WTE facility, while only 0.61% which 
constitute the bareland is highly suitable. This is because siting WTE 
facility has the potential to cause noise pollution in residential areas 
and thermal pollution which can affect water quality and harm the 
aquatics. However, vegetation is marginally suitable, agricultural 
lands, grasslands, and forest zones are examples of productive land 
areas that should be avoided when siting WTE facility [35]. Stressed 
that in order to mitigate the adverse impact such as odour, noise 
and emissions, power plants should be sited at longer distance from 
sensitive land uses (Table 6 and Figures 7-11) [10].

Table 6: Suitability analysis for siting WTE facility.

SN Criterion Category Suitability Ranking
Area 
(Ha)

%

1
Land use 

Land 
cover

Bare land
Highly 
suitable

9 24.21 0.61

Vegetation
Marginally 

suitable
5 551.61 13.82

Built up, 
Water

Not 
suitable

1 3415.32 85.57

Total   3991.14 100

2
Distance 

from road 
(m)

1000-1500
Highly 
suitable

9 67.77 1.7

500-1000
Moderately 

suitable
7 288.99 7.24

300-500
Marginally 

suitable
5 306.36 7.68

100-300
Less 

suitable
3 838.35 21.01

0-100, 
>1500

Not 
suitable

1 2489.67 62.38

Total   3991.14 100

3

Distance 
from 

waterbody 
(m)

>600
Highly 
suitable

9 3204.81 80.3

400-600
Moderately 

suitable
7 119.43 2.99

200-400
Marginally 

suitable
5 146.25 3.66

100-200
Less 

suitable
3 103.95 2.6

0-100
Not 

suitable
1 416.7 10.44

Total   3991.14 100
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Figure 9: Reclassified slope map. Note: ( ) : Not suitable; ( ) : Less 
suitable; ( ) : Marginally suitable; ( ) : Moderately suitable; ( ) : 
Highly suitable.

4

Distance 
from 

existing 
dumpsite 

(m)

0-100
Highly 
suitable

9 31.5 0.79

100-300
Moderately 

suitable
7 185.94 4.66

300-500
Marginally 

suitable
5 244.62 6.13

500-700
Less 

suitable
3 242.01 6.06

>700
Not 

suitable
1 3287.07 82.36

Total   3991.14 100

5
Slope 

(Degree)

0-5
Highly 
suitable

9 1482.21 37.14

05-Oct
Moderately 

suitable
7 1651.5 41.38

Oct-15
Marginally 

suitable
5 600.66 15.05

>15
Less 

suitable
3 256.77 6.43

Total   3991.14 100

Figure 7: Reclassified land use land cover map. Note: ( ) : Not suitable;  
( ): Marginally suitable; ( ) : Highly suitable.

Figure 8: Reclassified distance from dumpsite. Note: ( ) : Not suitable;  
( ): Less suitable; ( ) : Marginally suitable; ( ) : Moderately suitable;   
( ): Highly suitable.

Figure 10: Reclassified distance from water body. Note: ( ) : Less 
suitable; ( ): Marginally suitable; ( ) : Moderately suitable; ( ) : 
Highly suitable.

Figure 11: Reclassified distance from road map. Note: ( ) : Not suitable; 
( ) : Less suitable; ( ): Marginally suitable; ( )  : Moderately suitable;  
( ): Highly suitable.
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transportation and access to transmission lines; that is the reason 
why WTE facility should not be far from road [15]. Therefore, the 
site of solid waste incineration power plant is preferable to be close 
to main roads [10]. Figure 11 and Table 6, show that locations at a 
distance of 1000 meters-1500 meters from road are highly suitable 
while those locations at a distance of 0 meters-100 meters and>1500 
meters from road are not suitable for WTE facility. On the basis of 
this, 1.70%, 7.0% and 52% are highly suitable, moderately suitable 
and not suitable respectively for siting WTE plant. 

Suitability map for WTE facility in Onitsha north LGA: The 
suitability of all the considered factors was integrated to produce 
a suitability map for WTE in Onitsha North LGA as shown in 
Figure 12. Siting of WTE facilities in an urbanised and commercial 
centre like the study area is required in order to provide alternative 
and sustainable energy source to boost the energy supply mix for 
industrial, commercial and household activities in the city. Based 
on the results of this study as presented in Table 7, only 0.97% 
of the study area is moderately suitable, while 77% is marginally 
suitable, and 21% of the study area is less suitable for siting WTE 
facility (Table 7).

Table 7: Suitability analysis for siting WTE facility.

Suitability Ranking Area (Ha) %

Moderately 
suitable

7 38.79 0.97

Marginally 
Suitable

5 3085.02 77.3

Less suitable 3 854.28 21.4

Not suitable 1 13.05 0.33

Total  3991.14 100

In a similar study carried out by in a different geographical location, 
their results showed that 2.8 % of Jos metropolis in north central 
Nigeria exhibited high suitability for siting a WTE facility, while 
41.7 % and 21% are moderately suitable and suitable respectively 
[34]. Produced a suitability map for siting WTE plant in Alexandria 
governorate of Egypt [18]. The map indicated that only 2 % of the 
land is suitable for siting an incineration plant in the study area. 
These studies on WTE facility siting produced different outcomes 
in different geographical location, which is another justification 
that suitability analysis is required for siting WTE in any given 
geographical area or region.

The classification into different levels of suitability for siting waste 
to energy facility as shown in Table 7, is based on the integration 
of several factors in order to mitigate the environmental and health 
impacts of the operation of the WTE plant. The integration of 
these factors especially in an urban area like Onitsha North is 
the reason why the area is not highly suitable but there are areas 
of moderate and marginal suitability that can be considered for 
siting WTE facility. However, consideration of these criteria is very 
vital because they influence operations of the facility in the long-
term. Hence, it is essential to integrate the environmental impact 
assessment in the pre-project stage of a MSW incineration plant, 
rather than at its project stage, in order to make it environmentally 
sustainable and socially acceptable in an area or region [15].

Reported that about 25, 6, and 2 small-scale, medium-scale and 
large-scale WTE plants respectively can be installed in Onitsha 
North [20]. But the study has not provided the suitable sites for 
locating the various categories of WTE plants which ranges from 
small to large-scale. The present study has highlighted the suitable 

Suitability analysis of distance from MSW dumpsite: Onitsha 
North is located in Anambra State with huge WTE potentials of 
91-139 MW based on MSW generation of 0.53 kg/cap/day –0.80 
kg/cap/day [5]. These huge WTE potentials can be maximally 
exploited using the proper technology and adhering to proper 
siting criteria. Proximity to existing dumpsite is an essential factor 
to be considered in siting WTE plant. This is in order to reduce 
the environmental, economic and social costs of transporting the 
wastes to the plant. WTE plants are ideally situated within or close 
to dumpsites in order to cut down transportation costs [10,36]. 
Therefore, the distance from existing landfills is a crucial factor 
to be considered when locating waste conversion facilities [37]. 
This is particularly essential in a country like Nigeria, where waste 
collections are not well organised and that contributes to high solid 
waste collection cost [38]. Figure 7 and Table 6, shows that locations 
greater than 700 meters from dumpsites are not suitable for WTE 
facility, highly suitable locations are found between 0 meters and 
100 meters. Other categories of suitability based on distance from 
MSW dumpsite can be seen in Table 6. It can be observed from the 
Table that on basis of this criterion, 82% of the area is not suitable 
while only about 0.8% is suitable for WTE facility. This is due to 
the urbanised nature of the study area which does not support siting 
of WTE close to residential and commercial centres in the area. In 
siting waste energy recovery system, the distance from the settlement 
was found to be the highest priority in determining the landfills for 
energy generation, based on the environmental criteria [39].

Suitability analysis of slope: A flat area is more suitable for a waste 
management facility in order to reduce the risks associated with soil 
water quality, erosion, and surface runoff [40]. Figure 9 and Table 
6, reveal that locations with slope angle greater than 15 degrees are 
not suitable for WTE while those found on gentle slopes with values 
ranging from 0 to 5 degrees are highly suitable for WTE plants. 
This is supported by [41], who proposed that areas characterised 
with slope of 0-5° are highly suitable as against areas with slope 
of>15° that are not suitable. On the basis of this criterion, about 
37% of the area with slope angle 0-<5 degrees is highly suitable 
and 41% with slope angle of 5 ≤ 10 degrees is moderately suitable 
for siting WTE facility. But, 15% of the study area (with slope of 
10-15°) and 6% (with slope>15°) are marginally and less suitable 
respectively [42]. Asserted that areas with slope of 0-5, 5–10 average 
and 10–45 are categorised as high, average and low respectively in 
terms of suitability for WTE plant.

Suitability analysis of distance from water body: Certain distance 
should be set apart from the WTE plant in order to reduce the 
various effects of pollutants associated with the plant operations 
on the natural environment [43]. Distance from water body is a 
significant criterion in siting WTE facilities to prevent pollution 
and contamination of water body [44]. Figure 10 and Table 6, reveal 
that locations at a distance of ≤ 600 meters from water body (rivers 
and streams) are highly suitable while those locations at a distance 
of ≤ 100 meters from water body are not suitable for WTE facility. 
Based on this, it is observed from Table 6, that about 80% of the 
study area is highly suitable and 10% is not suitable for siting WTE 
plant. It is important that WTE facilities should be sited far from 
water body in order to avoid water pollution which is detrimental 
to humans and aquatics. 

Suitability analysis of distance from road: The proximity to a 
transportation network is an important factor to be considered 
when selecting a site for WTE plant. Because, distance to road 
will affect production cost resulting from higher cost of waste 
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or region. The combination of GIS and MCDA has proven to 
be efficient in site suitability analysis; hence it can be applied in 
addressing multi-criteria decision problems.
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